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23 The Von Neumann Model.
 John von Neumann, along with others, proposed the concept of the stored program that we use even today. The idea was to keep a program in the memory and read the instructions from it. He also proposed an architecture that clearly identified the components we have presented previously: ALU, control, input, output, and memory as illustrated in Figure 27. This architecture is known as the von Neumann architecture.
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This architecture uses what is known as the stored program model. In the von Neumann architecture, the stored program is the most important aspect of the von Neumann model. The key features of this architecture are as follows: 
• There is no distinction between instructions and data. This requirement has several main implications:

1. Instructions are represented as numbers, just like the data themselves. This uniform treatment of instructions and data simplifies the design of memory and software.

2. Instructions and data are not stored in separate memories; a single memory is used for both. Thus, a single path from the memory can carry both data and instructions.

3. The memory is addressed by location, regardless of the type of data at that location.
• By default, instructions are executed in the sequential manner in which they are present in the stored program.
A program is stored in the computer’s memory along with the data to be processed (A computer with a von Neumann architecture has a single memory space that contains both the instructions and the data, see figure 28). This can lead to a condition called the von Neumann bottleneck, it places a limitation on how fast the processor can run. Instructions and data must share the same path to the CPU from memory, so if the CPU is writing a data value out to memory, it cannot fetch the next instruction to be executed. It must wait until the data has been written before proceeding and vice versa.
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In contrast to the single memory concept used in the von Neumann architecture, the Harvard architecture uses separate memories for instructions and data. The term now refers to machines that have a single main memory but use separate caches for instructions and data.
Most processors now use two separate caches: one for instructions and the other for data. This design uses separate buses for instructions and data. processors typically use the Harvard architecture only at the CPU-cache interface.
In order to avoid the von Neumann bottleneck :-

· multi-level caches used to reduce miss penalty (assuming that the L1 cache is on-chip); and

· memory system are designed to support caches with burst mode accesses.

24   The Intel Processor Family.
In the late 1970s, Intel introduced the 8086 as its first 16-bit microprocessor. This processor has a 16-bit external bus. The 8086 evolved into a series of faster and more powerful processors starting with the 80286 and ending with the Pentium. The latter was introduced in 1993. This Intel family of processors is usually called the X86 family. Table 4 summarizes the main features of the main members of such a family.


The Intel Pentium processor has about three million transistors and its computational power ranges between two and five times that of its predecessor processor, the 80486. The Pentium family of processors , including the Pentium MMX, Pentium (I, II, III, and IV), has several improvements over its predecessor (Intel’s 80486 processor) that ensure data and code move through the Pentium as fast as possible. One of the most important changes is in the arithmetic logic unit (ALU). The ALU handles all the data, juggling that involves integers , or whole numbers such as 1, 23, 610, 234, or -123. The Pentium is the first Intel processor to have two ALUs so that it can crunch two sets of numbers at the same time. Like the 486, the Pentium has a separate calculation unit that’s optimized for handling floating-point numbers, or numbers with decimal fractions, such as 1.2, 35.8942, or -93.2.
Intel’s Pentium 4 Processor Cache uses a two level cache organization as shown in Figure 29.


The following tables summarize the L1 and L2 Pentium 4 cache performance in terms of the cache hit ratio and cache latency.

You can see the impact of silicon compilation in Figure 30. Intel’s 80386, 80486, and Pentium microprocessors are 32-bit processors, which means that they can manipulate binary numbers as large as 11111111111111111111111111111111, which translates to the decimal number 4,294,967,296, or 4GB (gigabytes). This number represents the upper limit to the amount of memory that the processor—and therefore Windows—can address. The ability to work with 32 bits at a time helps make these PCs work much faster and be able to directly use more memory. 
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Figure 27: The von Neumann model of a digital computer. Thick arrows represent data paths. Thin arrows represent control paths.
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Figure 28: Memory architecture for the von Neumann
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TABLE 4: Main Features of the Intel X86 Microprocessor Family
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Figure 29: Pentium 4 two-level cache
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Table 5: The hit ratio and cache latency in L1 and L2 Pentium 4
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Figure 30: Growth in transistor count for the Intel family of microprocessors.
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