

L1 and L2 cache

Cache memory, in its various forms, plays a particularly important role in a processor’s performance. Cache can improve a processor’s efficiency by offering it access to the data it needs more quickly than regular memory would. Not only are cache memory chips (typically Static Random Access Memory, or SRAM) faster than regular memory chips, but they also have a faster connection to the processor.
	The way cache works 

Because of the way most software works, processors tend to spend a lot of their time either performing the same operations over and over or performing several different operations on the same set of data. Well, one day, somebody realized that if a processor could access used instructions and data more quickly, it could run much more efficiently. So, a clever designer came up with the idea to create a special "work area" right alongside the processor, called a cache, that temporarily stores the data and instructions the processor used most recently. The idea was (and is) that once the processor finishes what it is working on, it can "fetch" what it needs next from this nearby area instead of getting it from regular memory, which is further away and takes longer to get to.

Processors aren’t the only computer-related component to use a cache. Many software programs, such as Web browsers, also use a cache. While a processor’s cache and a browser’s cache are not the same thing, they are conceptually similar. For both components, a cache speeds up access to recently used information.

Web browsers, for example, set up memory and/or disk caches (which use RAM or space on the hard disk, respectively) to store recently used files. The thinking is that you probably will want to use the files you’ve accessed recently again. If they’re stored either in RAM, or on disk, the browser will be able to get to them much more quickly than if it had to go out to the Internet again. For example, when you hit the Back button on your browser, the Web page loads almost instantly because the files the browser needs are nearby. If there wasn’t a cache (or if you empty or clear the files in the cache), going back to the previous page would take just as long as when you called it up in the first place. This is similar to what happens with processors and their specialized cache; if the information the processor needs is close by in the cache, the processor operates quickly without waiting, but if the information isn’t close by, the processor has it to request it from main memory. (The main memory isn’t as slow as the Internet, of course, but it is a lot slower than getting it from the cache.)

The process of going out to main memory to get more data and instructions also forces the cache to become "flushed," or emptied out. During the process of running programs, the processor regularly flushes the cache. This is important to know because it explains why it’s possible to have too much of a good thing; that is, too much cache.



The two most common types of cache are referred to as L1, or Level 1, and L2, or Level 2 cache. (It is possible to have Level 3 caches, but they are not very common.) Although technically speaking caches are a type of memory, in most cases the L1 and L2 cache are actually built into the processor chip or processor card itself. Thus, they’re really more a feature of the processor than of memory.

Each level of cache is a separate chunk of memory and is treated independently by the processor. The two levels refer to how close the cache is physically located to the main number-crunching section of the processor. Figure 5 shows how the different caches work together with main memory.
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Figure 5: Multiple caches
They way a processor works with a system that has multiple caches is that the processor checks the L1 cache first, then the L2 cache, and then, finally, the main memory.

Traditionally, L1 cache, which is usually the smaller of the two, has been located on the processor itself and L2 cache has been located outside, but near the processor. Recent processor designs have begun to integrate L2 cache onto the processor card or into the CPU chip itself, much like L1 cache. This speeds up access to the larger L2 cache which, in turn, speeds up the computer’s performance.

Another traditional difference between L1 and L2 caches has been the speed at which the processor can access the different types of memory. Because L1 cache is integrated into the core of the microprocessor, it typically runs at the same speed as the CPU; so on a 500MHz processor, the connection speed to L1 cache is usually 500MHz. On older systems, the L2 cache often connected to the processor at the same speed as main memory. This speed is determined by a connecting route, called the computer’s system bus, and typically runs at 66, 100, or 133MHz (although faster speeds are possible).
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Figure 6: Cache locations
The L2 cache is located in different places on different processors. Some processors have the L2 cache integrated into the main chip itself, others have L2 cache on the circuit board that holds the processor, and still others work with L2 cache that’s separate from the processor on the computer’s motherboard.

On newer systems, however, where the L2 cache is located on a daughter card, such as most Pentium II and Pentium IIIs, or in the processor itself, as with the Celeron A, K6-3, and some mobile Pentium IIs (sometimes called Pentium II PEs, for performance enhanced) and Pentium IIIs (those designed for note-books), communication between the processor and the L2 cache occurs much more rapidly. On the Pentium II and III, for example, the processor-to-L2 cache connection is often via a backside bus; it runs faster than the system bus, but at half the speed of the processor. (This is sometimes referred to as a 1:2 ratio.) Again, with a 500MHz Pentium III processor, the processor-to-L2 cache connection speed is 250MHz. Additionally, systems that incorporate L2 cache on the chip itself feature a 1:1 ratio between the speed of the processor and the speed of the processor-to-L2 cache connection. So with a 500MHz processor, the connection to the L2 cache also runs at 500MHz.

The faster your processor is, the more important it is to have a reasonable amount of L2 cache. In fact, without the proper amount of L2 cache, a processor often sits idle, "wasting cycles" as they say, which means your computer is not running as fast it can.

This lack of L2 cache explains why some of the early Celeron-based computers had relatively poor performance. The original Celeron essentially wasted a great deal of its processing power. The upgraded Celeron A chip and all current Celerons (including the mobile versions), however, incorporate some L2 cache on the processor itself, and dramatically improve the performance of computers using the "A" version of the Celeron.

You can tell whether or not a system uses the Celeron or Celeron A because all Celerons faster than 300MHz are Celeron As and all processors slower than 300MHz are original Celerons. (The only exception is that all Celerons designed for notebooks have the integrated L2 cache, regardless of speed.) Unfortunately, desktop PC-oriented 300MHz chips were available in both Celeron and Celeron A formats, so the only way to tell 300MHz Celerons apart is to look at the computer’s documentation (or use a diagnostic program that lists the processor’s type and speed).

Because most processors incorporate L2 cache into their basic design, you often don’t have the option to choose more or less cache in the system you’d like to purchase or put together. (Older processors with standalone L2 cache are the one exception.) Instead, you get the amount of L2 cache a particular model of microprocessor includes. Therefore, when you decide which type of processor to get, make sure you find out how much L2 cache it includes.

Computers that operate as servers, machines that sit at the center point of computer networks, typically need more cache than normal desktop machines because of the type of work they do. Due to this fact, several versions of the Pentium II and Pentium III Xeon, which is designed for servers, include 2MB (or more) of expensive L2 cache, as opposed to most desktop-oriented Pentium IIs and IIIs, which include only 512KB.
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