Processor History





The Intel 80486 Family


Despite the importance of the 80386 family to the development of PCs, the PC platform as we know it today truly emerged with the introduction of the 486 in 1989. Windows 3.x could run reasonably well on the 80386DX and slowly but decently on the 80386SX, but the 486 brought into the mix a number of new technologies that resulted in faster and smoother performance.


The 486 processor was the first in the Intel family to include a Level 1 cache (8K in size), which meant fewer RAM accesses, and since L1 was incorporated directly into the processor itself, access to the cached data was faster than ever before. The 486 was also the first Intel processor to offer burst mode, allowing increased data-transfer speeds between RAM and CPU. The 486 was the first truly pipelined Intel x86 processor, and thus it provided greater instruction throughput. It contained about 1.25 million transistors--five times as many as the 80386--which were dedicated to more advanced functional units, to an on-board floating-point unit (FPU), and to the on-board L1 cache. The FPU could perform calculations on real numbers--those containing decimal fractions--thus improving the performance of certain types of applications (scientific and graphics programs, in particular).





Like the 80386, the 486 came in DX and SX versions. The cheaper SX version was available in 16-MHz, 20-MHz, 25-MHz, and 33-MHz clock speeds, but aside from the slower speeds and one other significant feature, it was practically identical to the 486DX. That one other feature was the lack of a math coprocessor. But even this wasn't actually true: The 486SX was simply a 486DX with the math coprocessor disabled. The 486DX was available in clock speeds of 25 MHz, 33 MHz, and 50 MHz. The chip ran cool enough that no heat sink was required, although some systems shipped with one anyway. The chip could address up to 4 gigabytes of RAM, and like the 386, it ran in real, protected, and virtual 8086 modes.


The DX/SX difference in the 486 family appears to have been little more than a marketing ploy: It was possible to upgrade the 486SX with floating-point capabilities by installing onto the motherboard a chip called the 80487SX, and the 80487SX was, in reality, an 80486DX. When installed, the chip disabled the original 486SX entirely. Strange but true.


Actually, the 487SX wasn't quite a 486DX: Its pin arrangement was different, to the extent that a 486DX proper could not fit into the 487SX slot on the (cheaper) 486SX motherboard. This pin arrangement allowed Intel to market another speed-up processor for the 486SX, the OverDrive chip. Introduced in 1992, the OverDrive chip fit into the slot for the 487SX; it came initially in a version for the 25-MHz 486SX and later in one for the 33-MHz 486SX. The idea was to double the clock speed of the SX original, and hence the chip came to be known as a clock-doubling chip. In the 25-MHz version, the chip maintained the 25-MHz speed when moving data from sources external to the processor, but internal processes occurred at double that speed, 50 MHz. With the 33-MHz version, the internal speed was 66 MHz.


Clock doubling was such a popular idea that in the fall of 1992, Intel decided to release clock-doubled versions of the main DX processor itself, calling them the 80486DX2-50 and the 80486DX2-66. These chips did not supplement the standard 486DX, as the OverDrive chip added to the 486SX, but instead replaced it completely.





Then, in 1994, the company brought out the 80486DX4, which (despite its X4 appellation) ran at triple the DX's clock speed (clock-tripling). Here, external processes still operated at the speed of the bus (25 MHz or 33 MHz), but internal processes were now capable of speeds of 75 MHz (for the 25-MHz DX) and 100 MHz (for the 33-MHz version). These processors used a voltage of 3.3V in order to keep the heat down (the 5V DX2 required heat sinks for heat dissipation), and as a result, they typically required new motherboards.








AMD and Cyrix Enter the Fray


The 486 line of processors saw the first widely available copies, or clones, from other manufacturers. . Both AMD (Advanced Micro Devices) and Cyrix made their own versions of the 486DX, but their products became better known with their 486DX2 clones, one copying the 486DX2-66 and another upping the ante to 80 MHz for internal speed. The 486DX2-80 was based on a 40-MHz system bus, and unlike the Intel DX2 chips (which ran hot at 5V) it ran at the cooler 3.3V. AMD and Cyrix both later introduced clock-tripled versions of their 40-MHz 486 processors, which ran at 120 MHz. Both AMD and Cyrix offered power management ("green") features beginning with their clock-doubled processors, but Intel didn't introduce these features until the DX4.





Although Intel stopped improving the 486 with the DX4-100, AMD and Cyrix kept going. In 1995, AMD offered the clock-quadrupled 5x86, a 33-MHz 486DX that ran internally at 133 MHz. AMD marketed the chip as comparable in performance to Intel's new Pentium/75, and thus the company called it the 5x86-75. But it was a 486DX in all respects, including the addition of the 16K Level 1 cache (the cache built into the processor), which Intel had introduced with the DX4. Cyrix followed suit with its own 5x86, called the M1sc, but this chip was much different from AMD's. In fact, the M1sc offered Pentium-like features, even though it was designed for use on 486 motherboards. Running at 100 MHz and 120 MHz, the chip included a 64-bit internal bus, a six-stage pipeline (as opposed to the DX4's five-stage pipeline), and branch-prediction technology to improve the speed of instruction execution. It's important to remember, however, that the Cyrix 5x86 was introduced after Intel rolled out the Pentium, so these features were more useful in upgrading 486s than in pioneering new systems. For the purposes of this article, this chip provides a segue into the world of the Pentium.








The Many Flavors of Pentium


The word pentium doesn't mean anything, but it contains the syllable pent, the Latin root for five. Originally Intel was going to call the Pentium the 80586, in keeping with the chip's 80x86 predecessors. But the company didn't like the idea that AMD, Cyrix, and any other clone makers could use the name 80x86 as well, so Intel decided on a trademarkable name--hence Pentium. Although this new chip was still a CISC-based product, it incorporated a number of RISC technologies into its design, and it was the first superscalar Intel processor. These technologies allowed the chip to execute over 300 MIPS (million instructions per second) by contrast, the much slower DX2-66 executed less than 60 MIPS. The rating of MIPS is hardly an exact science, and the measure refers only to the processor's ability (not the I/O or other factors), but these ballpark figures demonstrate the magnitude of the speed increase.





The Pentium introduced other significant technologies. First, as mentioned, it offered a superscalar architecture: It used two pipelines rather than the 80486's single pipeline, although for best performance, programs had to be optimized so that the pipelines would work together. Second, it employed branch-prediction technology to help minimize the delays often incurred when a branch instruction alters the flow of instruction execution. Third, the Pentium increased the speed of data transfer from memory by using a 64-bit data bus instead of the 32-bit bus of the 80486. It sped transfer further by implementing pipeline-burst mode in both reading from and writing to memory, and by incorporating a 66-MHz memory bus (initially a 60-MHz bus); the 486 used a 33-MHz version. Fourth, the Pentium came with built-in power management. Fifth, two separate Level 1 caches--one for data and the other for instructions--allowed programs to be optimized fully in both categories, and a separate floating-point pipeline improved the speed of execution of floating-point instructions (those involving numbers with decimal places).


Perhaps ironically, it was the chip's built-in floating-point capabilities--or more specifically, its floating-point problems--that brought the chip to public awareness. Shortly after the Pentium's introduction, the media jumped on the news of a bug in the FDIV (floating-point divide) instruction. Essentially, if you divided number A by number B and the quotient contained a certain fraction (represented by the digits to the right of the decimal point), in some rare cases you could in turn multiply the quotient by number B and end up with a result that was different from number A (it would be off by 256). Intel quickly offered replacements for the flawed chip, and in fact the company managed to turn the design flaw into a marketing bonanza. It was the first time a microprocessor had ever hit the big time as a news event. (See www.intel.com/procs/support/pentium/fdiv/index.htm to determine if your early Pentium has the FDIV bug.)





The Pentium debuted in March 1993 with the P/60 and the P/66 (as usual, the number represents the chip's speed in MHz), and all future Pentiums--right up to the P/200, introduced in mid-1996--were based on these two. The P/75, P/90, and P/100 used a clock multiplier of 1.5, the P/120 and P/133 clock-doubled the original versions, and the P/200 clock-tripled them. (The P/150 and P/166 used a 2.5 multiplier.) All versions contained over 3 million transistors, and all required heat sinks for heat dissipation.


Meanwhile, AMD and Cyrix capitalized on both the success of the Pentium and the chip's much-publicized FDIV flaw, introducing the 6x86 and the K5 respectively and marketing them as more reliable than the Pentium. Here, the two companies veered away from producing Intel clones and concentrated instead on original designs that, despite their originality, retained compatibility.





The 6x86--a CISC processor--offered two pipelines, each with seven stages, as opposed to the Pentium's five-stage, two-pipeline technology. It improved pipelining by offering the results of instructions to both pipelines at once to reduce stalling, and by including better branch prediction and out-of-order completion (allowing instructions to be executed out of their coded order, as long as they don't rely on results from previous instructions).


The K5, on the other hand, was at the core a RISC processor that translated the x86 instruction set into simpler instructions. It contained six pipeline stages (instead of the Pentium's and 6x86's two), it decoupled decode and execute functions, it included six functional units (a branch unit, two load/store units, a floating-point unit, and two arithmetic-logic units), and it included many advanced features similar to those of Cyrix's entry. One central difference was that the K5 was late to market and didn't hit its expected speed grades, and thus it failed to capture significant market share. AMD's follow-on K6 product, derived from its 1996 acquisition of NexGen, has been far more successful.








The MMX Effects


In 1997, Intel introduced the Pentium with MMX, a set of 57 additional instructions designed to improve the multimedia capabilities of the Pentium. These instructions focus on parallel execution and employ a technique called single instruction, multiple data (SIMD) to do their work. As the name suggests, SIMD allows a single instruction to work with more than one piece of data at the same time, thereby allowing the instruction to produce results more quickly. But this wasn't the only change in the MMX-adorned Pentiums. The pipeline increased to six stages from five, the two Level 1 caches were each increased from 8K to 16K, and branch prediction was improved.








The Pentium Pro and Pentium II


More than a year before the Pentium with MMX hit the market, Intel introduced its successor to the Pentium, the Pentium Pro. The Pentium Pro improved on the Pentium in several ways, and in the process it introduced a new way of executing instructions. The internal core is a RISC processor, and the x86 CISC instructions are built from RISC micro-instructions, which are simpler and thus faster to execute (the combined microinstructions are called RISC86 instructions). The Pentium Pro increased the pipelining stages from 5 to 14, with three pipelines rather than two, to achieve significantly greater speed of execution. Furthermore, up to four Pentium Pros could operate simultaneously in a single system, double the multiprocessing capability of Pentium systems.





The Pentium Pro's 5.5 million transistors caused some heat concerns, but a reduction in the size of the transistors themselves helped keep this problem in check. Unfortunately (as PC Magazine was the first to discover), the Pentium Pro did not process certain 16-bit instructions efficiently, and thus it performed no better than a regular Pentium with similar clock speed on Windows 95 and performed worse on Windows 3.1.


One extremely significant change from the Pentium was including a built-in 256K Level 2 cache in addition to the earlier processor's 16K Level 1 caches--a feature that offered obvious speed improvements but, at the same time, greatly increased the cost of manufacturing a chip. This meant that the Pentium Pro never dropped in price to the extent that the Pentium did, and was in part the basis for developing the Pentium II.





In the Pentium II, Intel doubled the Level 1 caches to 32K but replaced the Pentium Pro's Level 2 cache with a larger, 512K cache with its own bus running at only half the speed of the Pentium II. The result was a cheaper processor but one technically not as fast as the Pentium Pro at the same clock speed. In practice, however, the Pentium II runs many of today's programs faster than does the Pentium Pro, because the clock speed itself has gone well beyond the Pro's 200 MHz--all the way to (at last count) 400 MHz--with a 100-MHz bus for the first time. You can expect to see a 450-MHz Pentium II later this year.





As you might expect, AMD and Cyrix worked hard to keep themselves in the picture. AMD released the K6 in 1997, offering a strong, low-cost competitor to the Pentium Pro, the Pentium MMX, and the Pentium II. Like the Pentium MMX, the K6 uses dual voltage, also called split-rail voltage, in which the processor's external voltage is higher than the internal voltage. Typically the former runs on 3.3V; the latter, with 0.25-micron chip designs, runs on as little as 2.2V. The K6 offers a L1 cache of 64K, the full range of MMX instructions, a large branch-prediction table (8,196 entries) and two levels of branch prediction, and seven parallel-execution units--more than any competing processor. Like the K5, it is highly compatible with Intel's designs. As of this writing, the K6 is available at speeds up to 300 MHz.





A bit later in 1997, Cyrix released the 6x86MX. The 6x86MX and its recent faster sibling, the M II, have a superscalar design, with two separate pipelines, 64K of L1 cache (like the K6), and multiple branch prediction (although the chips each have a branch-prediction table of only 512 entries). Unlike both the Pentium II and the K6, the M II does not have a RISC core; but since this has not hindered speed, it is not a significant issue. In addition to the L1 cache, the processor also features an additional L1 cache of 256 bytes, designed to make the L1 cache itself more efficient. The M II is making significant inroads into the lower-priced PC market, although its performance at the 300-MHz level would suggest that it could fit the higher-end PC market as well.








Motorola and PowerPC


Motorola processors have powered Apple's Macintosh since its inception, and SPARC processors have been at the core of Sun's Unix workstations and more. And these are just two of many processor families. Here, we'll look at the processors that have served as the guts of the Macintosh.





The original Macintosh, released in 1984, contained Motorola's 68000 processor. The processor (introduced in 1980) offered 32-bit computing internally, but it was slowed by its 16-bit data bus and a somewhat faster (24-bit) memory bus. The 68000 was a popular processor, powering not only the Macintosh but also the Commodore Amiga (originally the Amiga Lorraine) and the Atari ST, along with some early Unix workstations. It featured a two-stage pipeline and built-in expandability for floating-point operations. The floating-point capabilities weren't actually included until the introduction of the 68040 in late 1990, but the chip was clearly designed with the needs of the future in mind.


That future found its way through the 68010, 68020, 68030, 68040, 68050, and 68060. The 68010 offered support for virtual memory but otherwise remained much like the 68000. The 68020 provided the first major change, increasing the data and memory buses to 32 bits and thus becoming the first fully 32-bit 680x0 chip. It also offered a three-stage pipeline and a small (256-byte) data cache. Next up was the 68030, a 20-MHz processor that appeared in 1987. The 68030 provided separate caches for data and instructions, and it included a memory-mapping unit (MMU) directly on the chip. Three years later, the 68040 shipped with data and instruction caches of 4K each, a six-stage pipeline, and a Motorola 68881-compatible floating-point unit. The 68040 was the first Motorola chip built around the Harvard architecture, in which program and data buses are kept separate for faster execution.





In the past few years, the 680x0-based Macintoshes have been supplanted by those bearing PowerPC processors. Developed jointly by IBM and Motorola, the PowerPC is a RISC processor top to bottom. The first implementation, the PowerPC 601, allowed up to three instructions to be executed per clock cycle, and the chip offered 32-bit memory addressing and 52-bit virtual-memory addressing.





The PowerPC line continued through the 602, the 603 and 603e, the 604, the 620, and up to the 750 (more popularly known as the G3). Of course, the G3 is the best known of the PowerPC chips, because it is the star of a series of TV ads parodying the futuristic, song-and-dance Pentium MMX ads. In the G3 versions, the Pentium performers get toasted; Apple has centered much of its promotion around the fact that in testing, the G3 processors consistently garner stronger performance numbers than Pentium IIs of comparable or even higher speed. For example, the 266-MHz G3 tests faster in everything from floating-point operations through graphics performance than a similarly configured 300-MHz Pentium II or Pentium Pro. Part of this difference is owing to the G3's L1 cache size of 64K (versus the Pentium II's 32K), and much is also owing to the all-in-one design of G3-based systems, with all components (including a graphics component based on ATI's 3D Rage II) built onto the motherboard.


One of the most significant reasons for the high speed of the G3 is its inclusion of a backside cache. The Pentium Pro has the L2 cache built into the processor chip; similarly, the G3 bypasses the system bus and uses a dedicated bus to handle L2 transactions, and the L2 cache is built right into the chip design. This method allows the processor to access the cache much more quickly than it could through the system bus. The result is a significant gain in the speed at which the Mac can execute instructions. But the RISC basis of the PowerPC can claim some of the credit as well, with the chip's simpler architecture leading to faster execution of processes. It remains to be seen whether the PowerPC will maintain this lead as Intel-based machines move into the next generation, but for now the difference is certainly real.








Wrapping Up


The history of PC microprocessors demonstrates how technologies can be grafted onto other technologies in order to achieve improved performance and greater sophistication. But as fast as the changes have been, in the future these changes, if anything, will be even faster. Computer use will become more demanding, and the processor must bear the brunt of the demands. It is, after all, the heart of the whole thing.





