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Problem 1: What are Harvard and von Neumann architectures?
Answer:

Harvard architecture uses two separate memories for data and program instructions.

Von Neumann architecture uses a single memory for both data and program instructions.

Problem 2: How will you change the instruction set of the IAS computer to reduce the effect of von Neumann bottleneck?
Answer:
The IAS computer has 21 instructions. All but two instructions, LSH (left shift) and RSH (right shift), require memory operation. Because one memory word is used for two instructions, neglecting LSH and RSH, a typical program will on an average require 1.5 memory accesses per instruction. The execution speed will therefore be controlled by the communication between the memory and the processor. This is generally known as the von Neumann bottleneck.

To reduce the effect of the bottleneck, we can add a register file to the hardware organization of the datapath. Then modify instructions to save intermediate results in registers rather than sending them to the memory and then recalling from memory.

Problem 3: It is decided to quadruple the size of the main memory of the IAS computer. The words are still 40 bits wide. What change, if any, is required in the opcodes of the instruction set? If we were to enlarge the instruction set, how many more instructions can be added?
Answer: To address 16K words of the memory, we will need 14 bits for the address. Given that each instruction is 20 bits wide, only 6 bits are then available for opcode. However, the IAS computer has only 21 instructions and the two most significant bits are always 0. Thus, after deleting those two bits, all opcodes will still remain distinct. No further change in opcodes is required.

There can be 64 distinct six-bit opcodes. Thus, 64 – 21 = 43 new instructions can be added.
