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1. Introduction and Overview of Pentium Series

The purpose of this paper is to give a brief summarization of the Pentium series of processors and explore in-depth, selected topics dealing with the original Pentium processor.

Each processor in the Pentium series incorporates and builds off of the previous processor’s architectural achievements. The following table summarizes the key enhancements found within each major Pentium processor starting with the original, released by Intel in 1993 to the most recent member of the Pentium family, the Pentium 4 processor.

	
	Pentium Processor
	Pentium Pro Processor
	Pentium II

Processor
	Pentium III Processor
	Pentium 4 Processor

	Introduced
	03/23/93
	11/01/95
	05/07/97
	02/26/99
	11/20/00

	Operations Per Clock Cycle
	2
	3
	3
	5
	6

	Max Clock Speed
	60MHz system bus:

150MHz

66MHz system bus:

200MHz
	60MHz system bus:

180MHz

66MHz system bus:

200MHz
	66MHz system bus:

333MHz

100MHz system bus:

450MHz
	100MHz system bus:

1.0GHz

133MHz system bus:

1.4GHz
	400MHz system bus:

2.40GHz

533MHz system bus: 2.53GHz

	Bus Frequency
	60MHz,

66MHz
	60MHz, 66MHz
	66MHz, 100MHz
	100MHz, 133MHz
	400MHz

(100 * 4), 533MHz

(133 * 4)

	Number of Transistors
	3,100,000

(0.8 micron)
	5,500,000

(0.35 micron)
	7,500,000

(0.35 micron)
	24,000,000

(0.13 micron)
	42,000,000

(0.13 micron)

	L1 Cache
	16KB
	16KB
	32KB
	32KB
	12k µop + 8KB Data

	L2 Cache
	-
	1MB

(on chip)
	512KB

(off chip)
	512KB

(on chip)
	512KB

(on chip)

	Addressable Memory
	4GB
	64GB
	64GB
	64GB
	64GB

	Integer Pipelines
	2
	2
	2
	2
	4

	Floating Point Pipelines
	1
	1
	1
	1
	2

	Brief Description
	Superscalar architecture brought 5X the performance of the 33MHz Intel486 DX processor
	Intel’s first true server / workstation chip
	Dual independent bus, dynamic execution, Intel MMX technology
	Data Prefetch Logic, Level 2 Advanced Transfer Cache
	Capable of delivering 4.2GB of data-per-second into and out of the processor


From this point on, the remainder of this paper will focus exclusively on the Pentium processor.

2. Pentium Processor Overview

The Pentium processor is the successor to the Intel486 processor. Originally released with a 66MHz clock speed, it is a 16-bit based superscalar processor capable of executing two instructions in parallel during a single clock. It uses a CISC (Complex Instruction Set Computer) type instruction set, and uses the little-endian type format to store bytes in memory. A 64-bit external bus, separate data and instruction caches, write buffers, and a pipelined floating-point unit combine to sustain a high executing rate. Caching along with pipeline and instruction flow are discussed below in detail.

3. Cache Structure

This section will discuss in-depth the cache of the original Pentium processor. Topics include cache organization, operation modes, and methods to ensuring cache consistency.

The Pentium processor has only one level of cache, referred to as Level 1 (L1). The L1 cache is located on-chip and is divided into separate pieces; one for data and one for code, each at 8KB. This division is done to maximize both flexibility and performance by allowing both code and data caches to readily cross page boundaries without having to overwrite one another.

3.1 Cache Organization

L1 cache on the Pentium processor is 2-way set-associative in structure. In a set-associative structure the cache is divided into equal sections called cache ways. The cache page size is equal to the size of the cache way and each cache way is treated like a small direct mapped cache. In a 2-way scheme, two lines of memory may be stored at any time.

The Pentium processor’s cache line size is 32 bytes and is filled by a burst of four reads on the processor’s 64-bit data bus. Each cache way contains 128 cache lines and the cache page size is 4K, or 128 lines.

3.2 Cache Operation Modes

The data cache is configurable as a write-back or write-through on a line-by-line basis. The configuration of these two operation modes is initiated by either hardware or software with either the NW (Not Write-Through) bit set to 0 for the write-through mode or the NW bit set to 1 for the write-back mode. When the cache is configured as write-back, the cache acts like a buffer by receiving data from the processor and writing data back to main memory whenever the system bus is available. The advantage to the write-back process is that the processor is freed up to continue with other tasks while main memory is updated at a later time. However the disadvantage to this approach is that by having cache handle writes back to memory, the cost and complexity of cache subsequently increase. The second alternative is to configure the Pentium cache as write-through. In a write-through cache scheme the processor handles writes to main memory instead of the cache. The cache may update its contents as the data comes through from the processor however the write operation does not end until the processor has written the data back to main memory. The advantage to this approach is that the cache does not have to be as complex, which thus makes it less expensive to implement. The disadvantage of course is that the processor must wait until the main memory accepts the data before moving on to its next task.

Along with the NW (Not Write-Through) bit mentioned above, the other bit that allows for the control of the cache is the CD (Cache Disable) bit. As the name suggests, this bit allows for the hardware or the software to disable the cache. When the CD bit is set to 1 the cache is disabled and enabled when it is set to 0.

3.3 Cache Consistency

Cache consistency on the Pentium processor is maintained using the MESI protocol. The protocol is used to decide if a cache entry should be updated or invalidated. Furthermore, consistency is ensured by using two additional functions known as inquire cycles and cache flushing. Each technique is described in detail below.

3.3.1 Cache Consistency Protocol (MESI Protocol)

The data cache supports the Cache Consistency Protocol, which is a set of rules by which states are assigned to cached entries or lines. The protocol consists of four states that define whether a line is valid (HIT or MISS), if it is available in other caches, and if it has been modified. The four states, which make up what is referred to as the MESI protocol, are the M (Modified), E (Exclusive), S (Shared) and the I (Invalid) states. The following is a description of each state:

An M-state line is modified meaning that it is different from main memory. An M-state line can also be accessed (read/written to) without sending a cycle out on the bus.

An E-state line is not modified. An E-state line can also be accessed (read/written to) without generating a bus cycle, with a write causing the line to become modified.

An S-state indicates that the line is potentially shared with other caches meaning that the same line may exist in more than one cache. Reading from this line does not generate bus activity however a write will generate a write-through cycle on the bus and may also invalidate this line in other caches. A write to an S-state line updates the cache.

An I-state indicates that the line is not available in cache. Reading from this line may cause a MISS and cause the processor to execute a LINE FILL where the whole line is fetched from main memory and placed back into cache. Writing to an INVALID line causes the processor to execute a write-through cycle on the bus.

The other piece of L1 cache, the code side, supports a subset of the MESI protocol, the S (Shared) and I (Invalid) states in order to prevent code from accidentally being corrupted since it is inherently write protected.

3.3.2 Inquire Cycles

Inquire cycles are initiated by the system to determine if a particular line is present in the code or data caches and what state the line is in. Inquire cycles are driven to the processor when the bus master initiates a read to determine if the data cache contains the most recent information. If the line is in the data cache in the modified state, then the cache has the most recent information and must schedule a write-back of the data. Inquire cycles are also driven to the processor when the bus master initiates a write to determine if the processor’s code or data caches contain the line and to invalidate the line if it is present.

3.3.3 Cache Flushing

Cache flushing is the mechanism by which the Pentium processor clears its cache. A cache flush may be initiated by either external hardware or software instructions. During a cache flush, the data cache writes back all of its modified or dirty lines. State bits in both data and code caches are then marked causing lines to become invalid or unavailable. After all write backs have been completed, the processor generates a special bus cycle known as the Flush Acknowledge Cycle.

 4. Integer Pipeline and Instruction Flow

The Pentium processor is built around two parallel, general-purpose integer pipelines. The pipelines are called the “U” and “V” pipes. The main pipe, U, has five stages with the following descriptions: 

During the Prefetch (PF) stage, instructions are prefetched from the on-chip code cache or memory. If the requested line is not in the code cache, a memory reference is made. The processor aligns the code to the initial byte of the next instruction to be decoded. Buffers are used to hold both the line containing the instruction being decoded and the next consecutive line.

In the Instruction Decode or First Decode (D1) stage, the processor decodes the instruction to generate a control word. A single control word executes instructions directly while for more complex instructions, the processor can generate microcode sequences that control both the U and V pipes.

During the Address Generate or Second Decode (D2) stage, the control word from D1 is decoded for use in stage E. In addition, addresses for memory resident operands are generated as well.

The Execute (E) stage is where the processor accesses the data cache or calculates results in the ALU, barrel shifter or other functional units in the data path.

The final stage, known as the Writeback (WB) stage, is where instructions are enabled to modify the processor state and complete execution.

The secondary pipe, V, is similar to the U pipe but has some limitations on the instructions it can execute. Allowable instructions issued to the V pipe can range from an ALU operation, memory reference, or a jump. Instructions issued to the U pipe can be of the same categories as the V, or from an additional set that uses a functional unit available only in the U pipe, such as the barrel shifter.

During certain stages, the processor is able to issue two instructions for parallel execution if both are from a class of “simple” instructions. During the progression through the pipeline, instructions may be stalled due to certain conditions. When an instruction in one pipe is stalled, the instruction in the other pipe is also stalled at the same stage. Instructions of both the U and the V pipe enter the D1 and D2 stages in unison and must exit in unison as well. This ensures that instructions of both pipes enter the EX stage in unison as well. No successive instructions are allowed to enter the EX stage of either pipeline until the instructions in both pipelines have advanced to the WB stage.

5. Conclusion

In 1993, following their earlier naming conventions, Intel’s new fifth-generation chip was expected to be named the 586. However, Intel wanted to be able to register as a trademark the name of their new processor, and since numbers cannot be trademarked, the Pentium was born. Since this time the Pentium name has become one of the most widely recognized trademarks throughout the computer world.

The original Pentium processor unveiled many new enhancements to Intel’s previous processor, the Intel 486. Some of these enhancements discussed here in this paper include the Pentium’s caching scheme along with its multiple integer pipelines and basic instruction flow. At the present time, Intel’s latest processor, the Pentium 4, remains at the head of the pack in terms of paving the way in the 32-bit personal computer marketplace. If Intel continues in this same fashion as they have for the past couple of decades in terms of breaking new ground and building off of and improving their previous accomplishments in processor technologies, they may just remain at this level for quite some time to come.
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