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Introduction to Intel® NetBurstTM Micro-architecture and review of Pentium 4 microprocessor
Abstract 
The new Intel Pentium 4 processor is the latest generation of the Intel IA-32 architecture. Formerly code-named "Willamette," the Pentium 4 processor introduces significant architecture advances over the previous 32-bit P6 processor family consisting of the Pentium Pro, Pentium II, and Pentium III processors. The Intel® Pentium® 4 processor, Intel's most advanced, most powerful processor, is based on the new Intel® NetBurst™ micro-architecture. The Pentium 4 processor is designed to deliver performance across applications and usages where end users can truly appreciate and experience the performance. These applications include Internet audio and streaming video, image processing, video content creation, speech, 3D, CAD, games, multi-media, and multi-tasking user environments.
IA-32 Evolution 
The IA-32 architecture essentially began with the 80386 processor. Although the basic set of 32-bit instruction has remained the same, there have been architecture changes and instruction-set enhancements along the way. 
The 80486 processor added an internal cache, instruction pipelining, and an integrated math coprocessor. Next, the Pentium processor introduced a superscalar micro architecture that allowed it to execute multiple instructions in parallel. In addition, Intel split the internal level 1 (L1) cache of the Pentium processor into separate instruction and data caches to improve code performance. 
The Pentium Pro introduced the concept of a backside level 2 (L2) cache that removed many of the bandwidth and latency limitations of an L2 cache on the front side bus (FSB) as seen in prior processors. In addition, the Pentium Pro featured the ability to convert complex instruction set computer instructions (CISC) into micro-ops, which were then executed on a reduced instruction set computer (RISC) core. The Pentium Pro also contained more execution units to extend its superscalar capabilities and a longer pipeline to increase the frequency above previous generations. 
Intel released an enhanced version of the Pentium processor, the Pentium processor with MMX™ technology, in 1997. The Pentium MMX incorporated multimedia ex-tensions (MMX) to the basic IA-32 instruction set. This allowed software developers to perform more digital signal processing (DSP)-like functions on the processor to improve graphics and sound capabilities. The Intel Pentium II processor improved on the Pentium Pro by changing from a multi chip module (MCM) to a single-edge connector cartridge (SECC). The SECC allowed Intel to move the P6 family into mass production. At this point, MMX technology was also introduced in the P6 processor family. 
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The Pentium III processor added Streaming Single Instruction Multiple Data (SIMD) Extensions (SSE) to the P6 family. SIMD operations allow code developers to perform identical operations on multiple pieces of data in parallel. This capability allows many iterative calculations to be performed simultaneously, reducing the overall execution time. SSE added 68 new instructions, including 45 new floating-point operations, 11 SIMD integer instructions, and 5 cache-management instructions. 
NetBurst™ Micro-Architecture 
The Pentium 4 processor's NetBurst micro architecture enables significant hardware and software advances over previous IA-32 processors. This new micro architecture allows greater scalability and internal performance enhancements over the current Pentium III architecture. 
Many new innovations and advances were made possible with improvements in processor technology, process technology, and circuit design and could not previously be implemented in high-volume, manufacturable solutions. The features and resulting benefits of the new micro-architecture are defined below. 
Hardware Architectural Changes 
The Pentium 4 processor is initially targeted for the same 0.18u process technology used for the Pentium III, but will be migrated to future process technologies as they become feasible. The hardware changes include: 
• Hyper Pipelined Technology 
• Advanced Dynamic Execution 
• Execution Trace Cache. 
• L2 advanced transfer cache 
• Rapid execution engine 
• High-bandwidth 400-MHz system bus 
Hyper Pipelined Technology 
The hyper-pipelined technology of the NetBurst micro-architecture doubles the pipeline depth compared to the P6 micro-architecture used on today's Pentium III processors. One of the key pipelines, the branch prediction / recovery pipeline, is implemented in 20 stages in the NetBurst micro-architecture, compared to 10 stages in the P6 micro-architecture. This technology significantly increases the performance, frequency, and scalability of the processor. 
Advanced Dynamic Execution 
The Advance Dynamic Execution engine is a very deep, out-of-order speculative execution engine that keeps the execution units executing instructions. The Pentium 4 processor can also view 126 instructions in flight and handle up to 48 loads and 24 stores in the pipeline. It also includes an enhanced branch prediction algorithm that has the net effect of reducing the number of branch mispredictions by about 33% over the P6 generation processor's branch prediction capability. It does this by implementing a 4 KB branch target buffer that stores more detail on the history of past branches, as well as by implementing a more advanced branch prediction algorithm. 
400 MHz System Bus 
The Pentium 4 processor supports Intel's highest performance desktop system bus by delivering 3.2 GB of data per second into and out of the processor. This is 
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accomplished through a physical signaling scheme of quad pumping the data transfers over a 100-MHz clocked system bus and a buffering scheme allowing for sustained 400-MHz data transfers. This compares to 1.06 GB/s delivered on the Pentium® III processor's 133-MHz system bus. 
Level 1 Execution Trace Cache 
In addition to the 8 KB data cache, the Pentium 4 processor includes an Execution Trace Cache that stores up to 12 K decoded micro-ops in the order of program execution. This increases performance by removing the decoder from the main execution loop and makes more efficient usage of the cache storage space since instructions that are branched around are not stored. The result is a means to deliver a high volume of instructions to the processor's execution units and a reduction in the overall time required to recover from branches that have been incorrectly predicted. 
Rapid Execution Engine 
Two Arithmetic Logic Units (ALUs) on the Pentium 4 processor are clocked at twice the core processor frequency. This allows basic integer instructions such as Add, Subtract, Logical AND, Logical OR, etc. to execute in ½ a clock cycle. For example, the Rapid Execution Engine on a 1.50 GHz Pentium 4 processor runs at 3 GHz. 
256 KB, Level 2 Advanced Transfer Cache 
The Level 2 Advanced Transfer Cache (ATC) is 256KB in size and delivers a much higher data throughput channel between the Level 2 cache and the processor core. The Advanced Transfer Cache consists of a 256-bit (32-byte) interface that transfers data on each core clock. As a result, the Pentium 4 processor 1.50 GHz can deliver a data transfer rate of 48 GB/s. This compares to a transfer rate of 16 GB/s on the Pentium® III processor at 1 GHz. Features of the ATC include: 
l Non-Blocking, full speed, on-die level 2 cache 
l 8-way set associativity. 
l 256-bit data bus to the level 2 cache 
l Data clocked into and out of the cache every clock cycle 
Software Architectural Changes 
SSE2 is a set of 144 new instructions that provide advanced capabilities for applications such as 3D graphics, video encoding/decoding, and speech recognition. There are six new data types and three new classes of instructions. SSE2 also includes some changes to take advantage of the advanced hardware features and new data types included in the Pentium 4 processor micro architecture. In addition, it reuses the eight existing 128-bit extended multimedia (XMM) registers for both SSE2 and SSE operations. SSE2 is fully compatible with current IA-32 software. 
New Instructions 
The 144 new instructions fall into three categories double-precision floating point, integer, and cache instructions. 
SSE2 provides powerful extensions to the instruction set for IA-32. These new instructions allow the processor to perform operations on more data in parallel, and the programmer more flexible control over the caching of the data that is being 
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used. Overall, SSE2 allows software to perform better on integer and floating-point calculations that can be executed in parallel. 
New Data types 
The six new types consist of three classes: 
A 128-bit packed double-precision floating point, a 64-bit quadword integer, and four 128-bit integer data types. The packed floating-point type allows two IEEE 64-bit double-precision floating-point values to be packed into one double quadword. The 64-bit quadword integer type allows for both signed (i.e., negative or positive) and unsigned values. The 128-bit integer types allow for two quadwords, four doublewords, eight words, or 16-byte integers to be packed into one double quadword 
Conclusion 
The Pentium 4 processor delivers significant performance improvements on the following types of applications and environments: 
• Workstation-class applications that rely heavily on floating-point or 3D graphics performance. 
• Multimedia and digital content creation applications such as voice recognition and video encoding/decoding. 
• Bandwidth intensive games and other memory intensive applications. 
• Emerging e-business applications such as 3D collaboration, data visualization, and information management. 
• Multitasking environments running multiple high-bandwidth applications and real-time background tasks such as virus checking, encryption, compression, and e-mail 
synchronization. 
The new Intel Pentium-4 holds a lot of promise. The real world performance of the processor will actually tell how good it’s HIGH PERFORMANCE ADVANCED ENHANCED HYPER RAPID QUAD PUMPED technologies are? 
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