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A lot has changed since the mix and match days of the 486 clones. Today, just choosing which CPU to go with, from Intel or AMD, locks in the choice of motherboard, adapters, even power supply. Upgrading older PCs with state-of-the-art motherboards is rarely cost effective these days, a new hard drive, RAM and video card are practically required, and if you include a new CD, you may as well just buy a new 3.5" floppy drive for $15, another $30 to $70 for the case of your choice, and give a friend (or enemy) your old clunker. This page is sort of a scratchpad what I want to remember to include in my books. My "Build Your Own PC" series for McGraw-Hill is now in its second edition, and includes Athlon and Pentium III. For a pictorial approach to building an ATX PC (online example is a Pentium II from the first book), see the Illustrated Guide to Building the New PCs. 

The New Motherboards 

When it comes to PC repairs and upgrades, the greatest evolutionary step between generations of hardware occurred around 1994/1995, when the highly integrated motherboard became standard equipment. Integrated motherboards existed well before then, but the cost difference between a standard motherboard and a highly integrated one amounted to much more than the cost of the adapter cards replaced. Also, many early integrated motherboards really included the wrong adapters, such as a limited capability SVGA port or outdated SCSI connector. Motherboard manufacturers finally figured out that the most important adapter to get on the motherboard was the SIDE card, which included the floppy controller, a two device IDE (Intelligent Drive Electronics) controller, two serial ports, a parallel port (commonly called the printer port), and a game controller port. A secondary IDE channel capable of supporting an additional 2 IDE drives was soon made standard, along with the software upgradeable BIOS (Basic Input Output System). The new BIOS software usually supported Plug-n-Play devices, autodetection of hard drive parameters, and support for larger hard drives. One of the more recent additions that may become standard is onboard 16bit SoundBlaster compatible support. High end motherboards may integrate everything from SVGA, modem and Ethernet adapter to Fast SCSI and RAID (Redundant Array of Inexpensive Drives), but I would tend to avoid locking myself in to these rapidly evolving technologies on the motherboard level. The plug in adapters are generally less expensive, and can be easily upgraded. 

Slot A 

Slot A was developed by Digital Equipment (now a division of Compaq) for their Alpha processor, which was running a 1GHz a couple years ago. Therefore, Slot A actually has a history and is exceptionally stable for a newly introduced technology - at least as far as the consumer PC world goes. Slot A supports the new AMD Athlon, at speeds from 500 MHz to 800 MHz. However, support for the Athlons 200MHz front-side bus won't arrive until Fall of 2000 when AMD introduces it's new chipsets that support DDR (Double Data Rate) SDRAM. 

Slot 1 and Slot 2 

In the late 1990's, Intel decided that the best way to increase performance (and market share) was to abandon the Socket type CPU design which had been continually in use since the early 1980's and move to a edge connected, or slot form CPU. The slot form allows for a much larger CPU package, which usually includes tightly coupled cache to boost CPU performance. The Intel Pentium II was the first of these slot type CPUs, utalizing Slot 1, and was soon followed by the Pentium II Xeon, which used the non-compatable Slot 2. However, in order to compete in lower cost, esier to manufacture systems, Intel returned to the Socket for with Socket 370, and both the Pentium III and Celeron are now available in Socket 370 form. 

Socket A 

Socket A is the most recent addition to the standard CPU socket family. AMD is currently the only manufacturer of Socket A CPUs, these being the Athlon and the Duron. Socket A CPUs are somewhat less expensive than their Slot A bretheren, due to the smaller package and reduced amount of cache memory integated with the CPU. AMD warns that Socket A CPUs should not be used with adapters as Slot A CPUs. 

Super 7 

Super 7 basically refers to Socket 7 type motherboards that support a 100MHz bus and AGP. The Super 7 motherboards I have seen are ATX boards (see main FAQ), with the I/O core on the motherboard, so you can't stuff them in old cases. Super 7 motherboards may be equipped with as much as 2MB of L3 cache, which the newer AMD CPUs can access at 100MHz. The clock rates on these new AMD CPUs are up to 450MHz. 

Socket 370 

Intel has decided to take it's Celeron CPU back into competiton in the PGA (Pin Grid Array) Socket world, in parallel with continuing to produce it as a Slot 1 device. Socket 370, so named for it's 370 pin grid, is NOT compatible with Socket 7 or Super 7, it just looks similar. The Pentium III is now also available for SOcket 370, but make sure your Socket 370 motherboard can handle a 100MHz or 133MHz bus before wasting a FCPGA (Flip Chip Pin Grid Array) Pentium III on it. The Socket 370 motherboards don't carry external cache, the new Celeron for Socket 370 has 128KB on the die, the Pentium III for socket 370 has 256KB on-board. 

Socket 7, Socket 8 

The Intel Pentium PRO CPU is a Socket 8 device, and cannot be mistakenly inserted in another motherboard due to its unique footprint. The Intel Pentium II represents a complete departure from the socket based design, and instead require a proprietary Slot 1 or Slot 2 system. Intel represents this as an advancement over the "limitations" of the socket based package, AMD would disagree. Cyrix also offers a non-Socket 7 CPU, the MediaGX series, which includes onboard sound and video controllers. The MediaGX and it's companion support chip come on a specially designed motherboard.Pentium PCs can be loosely divided into families by their CPU socket. The standard CPU socket used on the majority of Pentium motherboards is Socket 7, but some Pentium and other upgrade processors can be used on motherboards equipped with Socket 3 (486 and OverDrive CPU's), Socket 4 (60 and 66MHz Intel Pentiums) or Socket 5 (some of the mid-range Pentiums). For practical reasons involving CPU voltage, clock multipliers and BIOS support, unless you have a Socket 7 motherboard with a fairly new BIOS you'll be better off buying a new motherboard if you upgrade your CPU. 

The primary manufacturers of Socket 7 CPUs are Intel, AMD and Cyrix. All offer CPUs in two classes, those compatible with the basic Pentium and an MMX (Multi Media eXtension) version. Both Cyrix and AMD include a "Performance Rating" (read Pentium Rating) with their CPUs, equating their performance with basic Intel Pentium clock rates.In the following table, the speed in MHz shown is actually the Performance rating for the Cyrix CPUs, which run at a slower clock. 

	Intel Pentium 60MHz to 200MHz 
	Intel Pentium MMX 166MHz to 233 MHz 

	AMD-K5 PR 90MHz to 166MHz 
	AMD K6 (with MMX) 166MHz to 266 MHz 

	Cyrix 6x86 133MHz to 200MHz 
	Cyrix 6x86MX 166MHz to 266 MHz 


All of these Socket 7 CPUs are designed to run Windows 95, DOS/Windows, and the vast majority of software ever written for PCs. Some of the newest software packages which require MMX support will not run on the Intel Pentium, the AMD K5 PR, or the Cyrix 6x86, and for anybody buying new, an MMX CPU is a must. Performance for all of these CPUs is in the same ballpark at a given speed, but benchmark tests may show pretty large differences based on instruction mix and application. If you are an avid 3-D game player, this could make a big difference. If your main application is Microsoft Office, you probably won't notice. 

ATX (AT eXtension) Components 

For over 10 years, from about 1985 to 1997, the AT form factors established by the original IBM PC-AT provided the standard for the 90% of the PC industry. Change has finally arrived, and the majority of new systems are being built with an ATX motherboard, ATX case and ATX power supply. An ATX power supply, with suitable adapters, can be used to power an old AT style motherboard (P8 and P9 connectors), however an old case and power supply can neither power nor house a new ATX motherboard. The ATX specification was generated by Intel, but is freely distributed and is rapidly becoming the default standard for the future. 

ATX Motherboards 

The ATX motherboard form factor corrects some long standing problems of the original AT and baby AT designs from the purely mechanical point of view. On most AT motherboard designs, the CPU was placed behind the adapter slots, towards the front of the case, often blocking as many as three of these slots from using full length adapter cards. Also, the cooling airflow provided by the power supply exhaust fan was blocked and baffled by the adapter cards, drive cages and ribbon cables. On ATX motherboards, the CPU is mounted within inches of the fan intake, allowing for passive cooling on with some of the lower heat producing CPUs. The ATX specification has already been supplemented with the micro-ATX version, which provides for a lower cost, somewhat limited implementation for the inexpensive consumer market PC. 

ATX motherboards eliminate the tangle of cables running from onboard controllers to ports on the back of the case by integrating these ports on the back edge of the motherboard. Standard features on all ATX motherboards include PS/2 style mouse and keyboard connectors, two serial ports, one enhanced parallel (printer) port, a game port and a USB (Universal Serial Bus) port. More highly integrated motherboards can include sound jacks (microphone, speakers, line in), modem ports (a line in and phone jack), RJ-45 ports (10Base-T twisted pair networking), a VGA connector and even a composite video (S-Video) jack. ATX motherboards are available for older Socket 7 CPUs (the original Pentium and Pentium MMX generations), and are practically the exclusive choice for newer Pentium II and Celeron CPUs. 

ATX Case 

The standard ATX Case, whether a desktop, minitower or full tower, has two fundamental design changes from the AT style cases. First, it provides the proper geometry for mounting the ATX motherboard and power supply via screws and stand-offs. Second, it provide a double height (enough room for two stacked ports) aperture along a length of the motherboard at the back of the case to expose all of the on-board ports and connectors. Outside of that, it's pretty much the same assembly of sheet metal and plastic that characterized the AT cases, the cheapest ones will still sport burrs to slice unwitting fingers. 

ATX Power Supply 

The ATX Power supply exchanges the two, 6 wire leads P8 and P9 leads of the AT power supply for a single 20 wire connector. The new additions, in terms of voltages and signals, are three +3.3V leads and a PS-ON (Power Supply On) signal, by which the power supply can be shut off or on. The drive connectors remain the same as with the AT supply, a combination of 4-lead mini-drive and drive connectors, providing +12 (Yellow) and +5 (Red) Volts, separated by two grounds. As with all switching power supplies, a minimum load is required for the supply to become active, i.e. either the motherboard or a drive must be connected. The 20 pin connector employs two rows of ten as follows (Note: Pin 1 hole is keyed as square) 

	Pin # 
	Signal 
	Signal 
	Pin # 
	Pin # 
	Signal 
	Signal 
	Pin # 

	11 
	3.3 V 
	3.3 V 
	1 
	16
	Ground 
	5 V 
	6 

	12 
	-12 V 
	3.3 V 
	2 
	17
	Ground 
	Ground 
	7 

	13 
	Ground 
	Ground 
	3 
	18 
	-5 V 
	PW-OK 
	8 

	14 
	PS-ON 
	5 V 
	4 
	19 
	5 V 
	5V SB 
	9 

	15 
	Ground 
	Ground 
	5 
	20 
	5 V 
	12 V 
	10 


New CPU features 

The latest CPU designs are all Superscalar and Superpipelined. Superscalar architecture provides two pipelines for executing multiple instructions in parallel. Superpipelining improves data flow by increasing the number of pipeline stages, allowing for results from either pipeline to be simultaneously used to avoid stalls, a technique know as Removing Data Dependency. Out-of-order processing allows instructions in one pipeline to finish processing before a previous instruction in the other pipeline completes. Register renaming gives the CPU dynamic control of register data without having to refer to cache or main memory. Multiple Branch Prediction lets the CPU pre-fetch possible next instructions to rather than waiting for the outcome and Speculative Execution of instructions can lead to the most probable path. Internal cache size has reached 64KB on some CPUs, and unified cache holds instructions and data in any ratio which increases the hit rate from separate data and instruction caches of equal size. Dual voltage CPUs run the processor core at a lower voltage than the standard 3.3V required on the I/O pins for compatibility with CMOS circuitry. All of the CPUs discussed here are fully x86 binary code compatible, all but the first generation support industry-standard MMX(TM) instructions. 

CPU Specifics 

AMD Athlon 

The Athlon is serious competition for Intel's Pentium III, and actually beats the Pentium III's performance, depending on the benchmark used. Athlon based systems will only become faster when AMD releases a new chipset in mid-2000 that supports DDR to take full advantage of the Athlons 200MHz front side bus, which will also be available in a 266MHz version. The Athlon is a Slot A processor, which looks very similar to Intel's Slot 1 and Slot 2 CPUs, but the notch is on the opposite side. 

Intel Pentium III 

Pentium III is Intel's most advanced CPU which is the fifth major CPU in Intel's P6 architecture line. P6 began with the Pentium PRO (as some of you who have installed a Celeron and seen it reported by the BIOS as a Pentium PRO may have noticed), that continued with the Pentium II, Celeron (all versions), and Pentium II Xeon. Pentium III CPUs are currently available as Slot 1 devices and at the slower speeds as Socket 370 chips. Some motherboards designed before Pentium III's release, such as Intels SE440BX, can fully support the Pentium III with a Flash BIOS upgrade. I can't comment about support on other older Slot 1 motherboards, except to say that at the current price points, it doesn't make much sense to try. 

AMD Duron 

The AMD Duron is to the AMD Athlon what the Intel Celeron is to the Intel Pentium III, i.e., the "lite" version. The CPU core technology is the same as the Athlon, and while I haven't gotten my hands on one yet, I'd be willing to bet that performance will fall in the same ballbark as the Pentium III/Celeron divide. The Duron is available in Slot A and Socket A. 

Intel Pentium II 

The Pentium II incorporates the best features of the Pentium MMX and the Pentium PRO in a single chip. Performance enhancing features include: 64 bit Dual Independent Bus architecture (system bus & cache bus), "glueless" support for dual Pentium II processors enabling simplified 2-way symmetric multiprocessing capable of handling 64GB of RAM, onboard 16K instruction and 16K data l caches, 7.5 million transistors in 0.25µ technology for increased speed and lower power consumption, Pentium® Pro Processor's Dynamic Execution Technology (see Pentium PRO). The independent cache bus runs at half the CPU clock, giving a bus speed of 166MHz with a 333MHz processor, compared with the 66MHz bus speed of current Socket 7 CPUs. The Pentium II is packaged in a Single Edge Contact (S.E.C.) cartridge which requires a motherboard supporting Slot 1 or Slot 2 CPU connector(s). The Pentium II is currently available in CPU speeds from 200MHz to 400MHz. 

Intel Celeron 

The new Celeron CPUs come with 128KB of onboard cache, and are available both for Slot 1 and for Socket 370, a new architecture specifically designed for lower cost Celeron systems. The original Celeron processor was a 266MHz CPU intended to compete in the low cost PC market. The Celeron is based on the Pentium II (P6) core, with 7.5 Million transistors in 0.25µ technology, 32 KB of combined Level 1 (onboard) cache, full MMX compatibility and Dynamic Execution support (see Pentium PRO). 

Intel Pentium PRO 

One of the new features introduced with this CPU is Intel's Pentium® Pro Processor's Dynamic Execution Technology which predicts the program flow through multiple branches, speeding the eventual execution of the proper instructions. The technology can actually change the order of executed instructions based on analyzed data dependencies for optimum execution speed. Since superscalar CPUs have the ability to execute more than one integer instruction simultaneously, instructions may be carried out instructions speculatively to make the best possible use of the available computing power. The Pentium PRO is only available in speeds from 150MHz to 200MHz and has 16KB of internal cache, compared with the 32KB of the Pentium II and Pentium MMX cores.. 

Intel Pentium MMX 

The Pentium MMX contains 4.5 million transistors a 0.35µ technology. It has double the Level 1 instruction and data cache of the original Pentium and the Pentium PRO CPUs, for a total 32KB internal cache. According to Intel, the MMX's multimedia performance is more than 60% faster than an original Pentium running at the same clock speed, thanks in part to the integrated the SIMD technology (Single Instruction, Multiple Data). Intel's MMX technology includes 57 new instructions, 4 new data types and eight 64-bit wide MMX technology registers. The CPU is available in speeds from 166MHz to 333MHz, and has roughly the same cooling requirements as an older Pentium of the same speed. 

Intel Pentium (R) 

The Pentium processor was the first of the Intel CPUs to employ a superscalar architecture which can execute two instructions per clock cycle. This results in up to two times the integer performance relative of an Intel 486 CPU running at the same frequency. The FPU (Floating Point Unit or Math Coprocessor) can execute two floating-point instructions in a single clock, and with pipelining (instruction scheduling and overlap) may achieve over five times the floating-point performance of a similar clocked 486 CPU. The CPU also introduce on-chip dual-processing support to simplify multiprocessor motherboard and software design, and an onboard interrupt controller. The Pentium processor has 3.3 million transistors, was designed for Socket 5/7, and was manufactured in speeds from 75 to 200MHz (the 60 and 66MHz models were a sort of intermediate CPU, and were Socket 4 devices) 

AMD K6-3 

The K6-3 is AMD's newest CPU in their K6 line, currently available at 450MHz, so giving Intel CPUs a run for their money. With 256KB of onboard cache, it's not just for breakfast anymore. The K6-3 is CPU, requires a Super 7 motherboard to take full advantage of it's 100MHz L3 cache capability. Sticking it on an old Socket 7 motherboard and fooling with the multiplier jumpers to try to get it to work may be risky. I've received lots of mail lately from Socket 7 overclockers reporting permanent CPU damage, and I suspect that the day of the "seat of the pants" stuff is coming to a close. 

AMD K6-2 

This is the CPU that put AMD back on the map, with it's 3D Now enhanced instruction set, it became a favorite with gamers, and actually outperformed Intel CPUs in some applications. The K6-2 is a Socket 7 CPU, but it's newest versions run at much faster clock rates than the older Socket 7 boards can support, so direct CPU upgrades aren't always possible. The overall story on the K6-2 is that it's a great CPU, but don't overclock it. 

AMD K6 

The AMD K6 is a RISC (Reduced Instruction Set Computing) CPU that offers full compatibility with the x86 instruction set, including MMX instructions. AMD is betting on the industry standard philosophy, and have focused their design efforts into maintaining performance par with Intel and Cyrix while retaining full Socket 7 compatibility. The advanced RISC design includes seven parallel execution units, two level branch prediction, speculative execution, full out-of-order execution, data forwarding and register renaming. The 64KB on chip L1 cache is divided into dual ported 32KB instruction and data caches. The K6's branch prediction is implemented in an 8,192-entry branch history table, a branch target cache, and a return address stack, for which AMD claims a combined prediction rate better than 95 percent. The K6 CPU is fabricated as 8.8 million transistors in 0.25µ technology and is currently available in speeds up to 300MHz. 

AMD K5 PRxx 

The K5-PRxx was the first of AMDs CPUs to be fully implemented in RISC, capable operating on four instructions per clock cycle, or twice as many as the dual pipelined Pentium. The K5 is pin compatible with the Pentium (Socket 7), and the "P-rating" gives the equivalent performance relative to Pentium CPUs. The K5 PRxx was manufactured in "P" ratings from 90Mhz to 166MHz. 

Cyrix MediaGX 

The MediaGX is the most highly integrated CPU system available yet, approaching a "PC on a chip", or two chips, in this case. Cyrix has implemented much of the functionality of PC adapters in firmware (they call it Virtual System Architecture ), and the CPU also includes support for two USB (Universal Serial Bus) ports, MPEG1 decoding, and the required MMX support. The CPU includes three new innovations, trademarked by Cyrix as XpressRAM , XpressGRAPHICS , and XpressAUDIO . With XpressRAM, the memory controller is placed on the chip, allowing direct access to SDRAM and eliminating the need for external cache. XpressGRAPHICS replaces the graphics adapter,. and dynamically configures the inexpensive main system RAM for use as video memory. XpressAUDIO replaces the sound card. The MediaGX CPU requires a special motherboard, and is particularly well suited to notebook PCs, which are all proprietary anyway. 

Cyrix MII 

The M II is a Socket 7 CPU, dual-voltage CPU, with the core running at 2.9V and the I/O bus at 3.3V. The MII is based on the 6x86 core with complete MMX instructions, enhanced memory management unit and a 64-KB internal cache. Cyrix reports the performance benchmarks of the MII 300 as equivalent of the Pentium II 300MHz. 

Cyrix 6x86 MMX 

The 6x86MX CPU is fully MMX compatible, includes 64KB of internal RAM and a scratchpad RAM feature. It employs a superpipelined, superscalar design for executing multiple instructions in one clock cycle, out of order execution, speculative execution and data dependency reduction. The 6x86 is Socket 7 compatible, and was positioned as an alternative to the Intel Pentium MMX, with relative performance ratings from 166MHz to 266MHz. 

Cyrix 6x86 

The 6x86 was competitive with the original Intel Pentium. It included 16KB dual ported unified cache, a 256 entry branch target buffer, and an integrated FPU (Floating Point Unit). The original 6x86 is out of production and hard to find. 

Cache Memory 

Once data is brought to the CPU and stored in the internal cache it can be crunched away at the basic clock speed of the chip, somewhere between 133MHz and 333MHz for most Pentium generation computers. However, the amount of internal cache on the CPU, between 32KB and 64KB of combined data and instruction cache, is many orders of magnitude below the size of the average program (Megabytes) or average hard drive (Gigabytes). The internal cache is supplemented by secondary or L2 (Level 2) cache on Pentium system, normally about 512KB. Often called external cache, the secondary cache system employs SRAM (Static Ram) which 4 or 5 times faster than DRAM and doesn't require refreshing and all of the overhead that incurs. It's also many times more expensive than DRAM, which explains it's limited use in PCs. 

The Memory Bus 

The memory bus gives the CPU access to the main memory, somewhere between 8MB and 64MB on the average Pentium class system. The speed of this bus has remained constant at 66MHz since the fast 486 CPU's came out, around 1993. The main reason for this is that the DRAM used in main memory couldn't be run any faster, and generally requires wait states (time-outs) to work with the CPU even at the 66MHz bus speed. A new 100MHz memory bus designed to work with SDRAM (Synchronous DRAM) is just coming into use on some new Socket 7 motherboards and the Slot 1/Slot 2 systems. The key here is motherboard support, stuffing some expensive SDRAM in your old motherboard, even if it supported SDRAM at 66MHz, won't get you any increased performance. 

Memory Types 

DRAM has been used in PCs since they first appeared in the early Eighties. The main attractions of DRAM are the lower unit cost and power consumption, it's slower and more complicated to use than above mentioned SRAM which was actually invented first. DRAM takes advantage of a peculiarity of transistor physics to temporarily store a capacitive charge (your data bit) on one of the transistors leads. Since this charge dissipates in a matter of milliseconds, the data bit must be re-read and recharged every couple hundredths of a second. This refreshing process is carried on by a dedicated controller, but the overhead involved carries a performance penalty. Today's DRAM is about 5 time faster the that used in the original PC, and the one bit wide 64KB DIP (Dual Inline Package) chip has given way to the 72 bit wide 64MB DIMM (Dual Inline Memory Module). 

FPM (Fast Page Memory) was the first big performance enhancement to DRAM, which previously treated each memory bank transaction like re-inventing the wheel. FPM makes it faster to access data in the same memory "page" though the term "row" offers a better representation of what actually goes on. When a new data bit is to come from the same row as the previous bit, the memory controller need only increment the column location, and the same row address will be used, saving a transaction. 

EDO Extended Data Out) DRAM shortens the recovery time between sequential RAM reads, offering up to a 20% performance boost in overall memory throughput. EDO is backwards compatible, meaning in most cases it will function in systems that only support FPM RAM, but there will be no performance gain unless the motherboard and BIOS specifically support EDO access. BEDO (Burst EDO) is the next level of performance in which a series, or burst of bytes from memory are transferred to the CPU with a single request. If the CPU actually requires the next sequential memory address in the following fetch, an operation has been saved. 

SDRAM (Synchronous DRAM) can really boost memory bandwidth through synchronizing itself with the system clock. This eliminates the vast majority of timing delays which can result in wait states being taken by the CPU. The motherboard and BIOS must be designed for SDRAM for it to be installed. You may have to set the SIMM slot voltage on the motherboard with a jumper to either 5V or 3.3V. 

DDR (Double Data Rate) SDRAM is currently being sampled and should be commercially available by mid-2000. Like the name implies, it doubles the effective throughput of current SDRAM modules by transfering data on both the rising and falling clock. This leads to effective speeds throughputs of 2.1GB/s and 1.6GB/s, which will be known as PC2100 and PC1600 DDR. All this just in time for operation with AMDs new chipsets for the Athlons 200MHz and 266MHz front-side bus. 

RAMBUS - I still have some studying up to do on this. Basically, it's a proprietary technology that produce by a company of the same name, that Intel has started using on some high end motherboards. The modules are very expensive, and can achieve data rates as high as 800MHz, but it's a serial scheme, and I read somewhere that they cueently only use 16 lines for the bus, leading to the same throughput as a 64 bit bus (standard) running at 200MHz (soon to come). 

Parity and ECC RAM 

Two different methods are in common use for catching errors in RAM, they are also used to monitor data integrity on all sorts of bus transfers within your computer or serial transfers over your modem. Parity is a relatively straight-foward system in which an extra parity bit is added to each byte, and this bit is set to 0 or 1 depending on whether the number of set bits in the data byte are even or odd. However, in the case of a failed parity check, the memory controller has no determining which bit was wrong, so it can only ask that the data be retransmitted, or halt the system with a parity error. Also, if two bits in the same byte with different values flip, the parity check will report no error, since the byte comparison value remains even or odd. Many PCs that use parity memory include an option in CMOS to turn off parity checking, and will work with SIMMs that lack the extra parity bit. 

Error Correction Code (ECC) memory, as the name implies, is capable of actually correcting single bit errors on the fly, and catching multiple bit errors. Since this requires more extra bits per byte and extra data lines back to the memory controller, ECC RAM is more expensive to manufacture and impliment. However, with memory prices falling so rapidly, ECC RAM has become much more affordable and is no longer used exclusively in servers or engineering workstations. A new developement called EOS (ECC Onboard SIMM) simplifies the motherboard circuitry but is overkill for the average home PC. 

For more than you want to know about memory, visit Kingston - Memory. 

Drive Basics 

Hard drives are still faster in every way than optical drives, including CD-ROM and DVD. The two main figures of merit for any drive with spinning media are it's random access time (in milliseconds), which describes how long it takes the drive to get the read head positioned over the location of your data, and the maximum transfer rate, which is a measure how fast (in Megabytes/second) the drive can make data available to the controller. Most drives come with a small onboard cache, works two ways. If the drive is slower than the interface speed, as is usually the case, the cache can be quickly filled and the CPU can go on to do other things while the hard drive or CDR (CD Recorder) writes the information to disk. A minimum of 1MB of cache is particularly important in the case of CDRs, since they cannot be interrupted in the course of a write session, or the disc is ruined. In the case of a super fast drive running on a slow interface, or reading while the CPU is busy doing something else, the cache acts as a temporary storage place for the data. Controllers and drives using advanced DMA (Direct Memory Access) modes avoid the latter problem, since the CPU is out of the transfer loop. 

New hard drives are generally categorized by their spindle speed (rotational rate) and their interface. The maximum transfer rates of the newest EIDE and SCSI interfaces so outstrip the drives maximum physical transfer rate, that you're often paying for prestige rather than performance. The average access time of new hard drives is well under 10mS, the emphasis placed on this figure of merit has lessened as improvements have slowed. CD-ROMs, on the other hand, are now reaching average access times in the 70mS area, an improvement of about 5 timesover as many years. The transfer rates on CDs, expressed as a multipleof the original 150KB/s transfer rate of a music CD drive, have now now gone past 32X, or 4.8MB/s. 

Drive Interfaces and Performance - IDE and SCSI 

IDE (Intelligent or Independent Drive Electronics) won the battle for the PC hard drive back in 1992, rendering all other standards except for SCSI (Small Computer System Interface) obsolete. SCSI was able to hang around due in part to it's greater flexibility in high-end computers (up to seven drives or devices could be attached to a controller and greater data rates were possible), and partly because the Apple Macintosh used SCSI devices exclusively, which created a market outlet. Even today, if you're building a PC for anything other than a network server or a high-end workstation, you'll want to uses the EIDE (Enhanced or Extended IDE) support built into the motherboard. In the case of newest EIDE and SCSI interfaces, the current generation of hard drives doesn't even come close to using the full potential of the interface, the drives simply can't transfer data fast enough. However, with EIDE, both hard drives and CD-ROMs are cheaper, and the controller interface is free, built right into the motherboard. There are other ways of connecting drives to a system: an Enhanced Printer Port (EPP), also known as an Extended Capability Port (ECP), is often used for connecting removable media drives or inexpensive scanners; large computers often employ serial Fibre Optic busses. 

IDE, ATA, ATA-2, ATA-3, ATA-4, ATAPI, Fast-ATA, EIDE, Ultra ATA 

The original IDE interface was defined by the ATA (AT Attachment, as in PC-AT) standard, adopted by ANSI, and amounted to little more than some buffering between the system I/O bus and the IDE drive, which has a controller onboard. The two drive interface did allow for a secondary channel, which would take another interrupt and additional address space. So, IDE and ATA refer to the same thing, and numbered versions of ATA refer to subsequent enhancements of the standard. ATAPI is a major upgrade, the ATA Packet Interface, which extends the ability of the interface to work with CDs, DVDs and tape drives. The EIDE, which I use somewhat generically (and incorrectly) is actually a Western Digital Trademark for their ATA implimentation, Fast-ATA was coined by Seagate, both support PIO mode 3 or better and DMA mode 1 or better (see table below). Ultra ATA/33 is the newest DMA tricks, not yet incorporated in ATA standards (Ultra ATA/66 has been announced by Quantum for 1999). 

EIDE Basics 

The EIDE interface supports up to four drives, a Master and Slave on each of two channels. Both the interface and the EIDE drives are built with varying capabilities, though backwards compatibility can usually be taken for granted. The basic, no frills or special BIOS support speed of the IDE or ATA interface, is around 3.3 MB/s (MegaBytes/second). This is good enough to keep up with a 22X CD-ROM, or most hard drives with the old 3600 RPM spindle speed (3600 disc revolutions per minute). The intermediate PIO (Programmed or Processor I/O) modes and DMA (Direct Memory Access) modes used by EIDE and Fast-ATA are big performance boosters, the highest are somewhat vaporware-like, the drives that can produce these transfer rates don't exist. There are five possible PIO modes and three DMA modes, shown in the table. For more than you want to know about EIDE, visit the ATA FAQ - IDE interface. 

	PIO Mode 0 
	PIO Mode 1 
	PIO Mode 3 
	PIO Mode 4 
	PIO Mode 5 

	3.3MB/s 
	5.2MB/s 
	8.3MB/s 
	11.1MB/s 
	16.6MB/s 

	DMA Mode 1 
	DMA Mode 2 
	Ultra DMA 

	13.3MB/s 
	16.6MB/s 
	33MB/s 


SCSI Interface and Drives 

The SCSI (Small Computer Systems Interface) is actually the oldest (and still champion) standard in use for connecting drives and high performance peripherals to PCs. With the exception of the cheapest SCSI throw-away adapters sometimes shipped with proprietary CDs or scanners, all SCSI adapters support up to 7 devices (14 for SCSI-2), in any combination including those internal and external to the system box. SCSI devices all remain backward compatible, you should be able to attach the newest devices to your oldest controller, though you'll lose any performance benefits that would have been do to the higher SCSI support of the device, and you made need some pretty funky cables. The SCSI bus is inherantly more reliable than the IDE interface, due in part to the large number of grounds used in SCSI cables which provide protection against electrical noise. SCSI devices that are commonly available in both internal and external versions include: hard drives, tape backups, CD-ROMs, CDRs (CD Recorders) and optical drives. The most common external-only SCSI peripheral is the scanner, though cheaper scanners are increasingly relying on the enhanced printer port. 

	Level 
	Known As 
	Number of Devices 
	Max. Transfer Speed 
	Bus Width 

	SCSI-1 
	SCSI 
	7 (8 includes controller) 
	5 MB/S 
	8 bits 

	SCSI-2 
	Fast SCSI 
	7 
	10 MB/S 
	8 bits 

	
	Fast Wide SCSI 
	15 (16 includes conroller) 
	20 MB/s 
	16 bits 

	SCSI-3 
	Ultra SCSI 
	7 
	20MB/S 
	8 bits 

	
	Ultra Wide SCSI 
	15 
	40MB/S 
	16 bits 

	
	Ultra-2 SCSI 
	7 
	40MB/S 
	8 bits 

	
	Ultra-2 Wide SCSI 
	15 
	80MB/S 
	16 bits 

	
	Ultra-3 SCSI 
	7 
	80MB/S 
	8 bits 

	
	Ultra-3 Wide SCSI 
	15 
	160MB/S 
	16 bits 


SCSI devices are usually among the most simple to install, with termination being the sole wild card. SCSI devices require termination at both ends of the bus to absorb which unattenuated power, which prevents reflections of the radio frequency signals within the transmission line. The SCSI adapter is found in the middle of the bus, when both internal and exterernal devices are installed, and must have it's terminators removed or software dissabled in this case. Internal SCSI devices come with either resistor packs to be removed for an unterminated device (old style) or a single jumper on newer devices. External SCSI devices may provide a switch for termination, but more commonly they require installation of a snap on terminator on the outgoing side of daisy chained port. Some SCSI devices are available in the "differential bus" bus flavor, which further increases noise immunity and allows longer distances for external devices, but these cannot be mixed with standard SCSI devices and follow their own termination rules. For more than you want to know about SCSI, visit Adaptec - SCSI. 

56K Modems - USR x2, k56flex and V.90 

There is no reason today to put anything other than a 56K modem in a new PC. This doesn't guarantee that you'll get anywhere near 56K when you connect, but given the prices and the probability that your ISP (Internet Service Provider) will upgrade in the near future, an old V.34 (33K) modem is a waste of money. There are currently 3 standards for 56K modems, and which are implemented in software (firmware) both on your modem and at the ISP. The original x2 standard introduced by US. Robotics (acquired by 3COM) and the k56flex standard from Rockwell and Lucent are NOT compatible with each other, nor with the V.90 standard which replaces them. However, since these standards exist in firmware (the hardware is inter-operable), these modems are almost always software upgradeable to the V.90 standard. However, unless the modem has sufficient onboard flash memory (EEPROM) to hold the code for both it's original standard and the new V.90 standard, you may lose one when you switch to the other. All of this is particularly important because of the long shelf life of modems in stores, and the future availability of bargains if you don't mind taking a few minutes to do the firmware upgrade. 

How it Works 

There are several limitations on what speed you can actually expect out of your 56K modem, not the least of these being the FCC which limits transmissions to 53K by law. In order for you to reach 56K on downloads, you need to be calling an ISP or other source with a true digital modem. In all point-to-point calls, the central phone office, where the calls are actually switched, stands in between. The phone company networks are all digital, allowing for clean, high speed transfers between switching points, and for 56K to work, your ISP must be digitally connected to that network. The 56K modem in your PC is strictly an analog device, so an A/D conversion is done at the central office on your upstream data, and a D/A conversion is done on your downstream data (downloads). As it happens, the line noise that had modem speeds limited to 33K is largely caused by A/D conversion, which is why your upstream speed is still limited to 33K. Since the all-digital connection between the ISP and the central office eliminates the A/D conversion on the downstream link, speed up to 56K become possible. However, if there are other noise sources involved, due to poor house-to-central office wiring, you may never reach these speeds. In fact, if your 28K modem rarely connects at the full 28K, you're going to be disappointed. 

DVD Drives and Technology 

Much like CD-ROM before it, DVD has come to the computer industry by way of the entertainment industry. CDs were originally designed for the music industry, and over the course of a decade replaced the old LPs. CDs didn't begin a new life as data storage devices for computers until long after they were an established winner in home audio. DVDs are designed (primarily) as a higher quality, harder to pirate replacement for the VHS tapes and Laser Discs currently used to distribute movies. Unlike CDs, DVDs are expected to have their greatest initial success as data storage devices for PCs, and replace VCRs only gradually. Part of the reason is cost, another factor is that their is currently no reasonable way for homeowners to record television shows on DVD. 

The technology of DVDs is very similar to that of CDs, and for the time being, CDs are actually faster than DVDs. A dual speed DVD has a native data transfer rate of approximately an 18X CD, the single speed DVD data rate is equivalent to a 9X CD. DVD players for computers are available in EIDE (ATAPI) and SCSI flavors, starting around $250. To play back DVD movies in your PC, you'll either need some extra hardware for decoding MPEG-2 and handling the special audio tracks, or a fast enough CPU (at least a 233MHz MMX) to do the job. DVDs capacity is about 4.7GB per layer per side, with one or two layers per side for a maximum of around 18GB. Two sided discs must be ejected and turned over manually. All DVD players can read manufactured CD-ROMs, many have problems with CDR discs. There are two types of DVD recorders available for PCs, DVD-RAM and DVDR, both are good for recording data, not movies, and they fall short of 4GB per side. Various copy protection schemes may make future DVD movie discs unviewable in some current drives. A DVD Audio standard is not yet finalized, and will probably be very slow to catch on, given the good quality and current installed based of CD stereos. For more than you want to know about DVD, visit The DVD FAQ. 

The Video Subsystem 

The video monitor is generally the most expensive single component of a basic PC system, which isn't a bad thing since it's also the only component comes close to holding it's value over time. A monitor is very similar to an artists canvas, in that it presents no images or information on it's own, it needs to be painted by a remote hand or controller. The video adapter installed in your PC may only cost around 10% as much as the monitor, but it's the adapter that controls the resolution of the image and the number of colors displayed. Certainly, there are trade-offs between the two, you can buy very expensive video adapters intended for rapidly rendering high-resolution 3D graphics in a flicker free display, and these require a monitor capable of handling the high data transfer speed. 

Monitor Electronics 

Since information is actually passed from the video adapter to the monitor in analog form, i.e. varying voltage levels to describe the intensity for the Red, Green, and Blue electron guns, plus some synchronization signals, the transfer rate ends up being described in terms of refresh frequencies. The monitor electronics steer the beams from these electron guns by use of magnetic fields (also called lenses), which deflect the beams down and across the screen at speeds determined by the vertical and horizontal refresh frequencies. The vertical refresh rate describes how many times the entire screen is redrawn in a second, and the horizontal frequency must be fast enough to steer the beam all the way across the screen enough times to paint every pixel in a single vertical scan. 

Pixels are a description of image resolution, with no particular dependence on the monitor used, as long as the monitor electronics can keep up with the high scan rates needed if a lot of pixels need to get painted in a single vertical pass, and a lot of vertical passes (say 75 to 85) are desired each second for a really stable picture. The sharpness of the images painted, however, is dependent on the dot-pitch, or stripe-pitch of the monitor phosphor. The pitch is a measure, in millimeters, of the distance between two phosphor dots or stripes of the same color on the inside surface of the monitor screen. Some manufacturers use a aperture or mask pitch measurement which actually describes the size of the holes in part of the beam focusing train, but an equivalent phosphor dot-pitch measurement should be available. Actual dot pitch sizes still in use (forget about the bad old days) run from about .25mm to .31mm, all of which look good to me. 

What all this means to the average computer owner is that very little has changed in the past five years or so, except that interlaced monitors (those that painted only a half a screen at a time, skipping every other line each vertical scan to reduce flicker) have been phased out, and many new video cards no longer support the slowest VGA compatibility modes these monitors used. In other words, if you try hooking your monitor from 1992 or 1993 on your new AGP graphics cards, it may not work. Monitors have slowly gotten cheaper, so that the 14" standard is now often sale priced below $150, and the entry level 17" monitors start around $300. 

The main difficulty that most people encounter in their video subsystem is in the wrong resolution/color driver being selected for a given software application. Almost all video cards installed in systems today feature 2MB of video memory, which is enough to display 24bit True Color (16.7 Million colors) at the 800X600 resolution, the highest you'll normally want to run on a 14" or 15" screen. However, the default choice for most video drivers on installation is still 256 colors, go figure. In Windows 95/98, this is easily changed in Control Panel>Monitor, or by clicking on the little monitor in the tray at the bottom right corner of the screen. 

	Resolution 
	Number of Pixels 
	Video Ram Required for True Color 

(24 bit uses 3 bytes/pixel for 16.7 Million colors) 
	Suggested Monitor Size 

	640x480 
	307,200 
	1MB 
	14" to 17" 

	800x600 
	480,000 
	2MB 
	14" to 17" 

	1024x768 
	786,432 
	4MB (3MB not commonly sold) 
	17" to 21" 

	1152x870 
	1002240 
	4MB 
	17" to 21" 

	1600x1200 
	1920000 
	8MB (6MB not commonly sold) 
	19" or larger 


AGP and PCI Video Cards 

When it comes to modern video adapters, the only real choice is whether to go with PCI or AGP. Basically, if your motherboard has an AGP slot, it's seems silly not to use it. The price difference is minor, and the pipelining supported on the AGP bus can supposedly quadruple the data transfer rate. In terms of refresh rates, resolution and #of colors, there's no difference between AGP and other graphics cards. People who upgrade motherboard in older systems sometimes hang onto their ISA video adapter and old monitor, since the performance bottleneck for most applications was never in the video subsystem anyway. 

For an excellent monitor reference, visit Karma 

