
EE 201 Final study guide

Adders and ALUs

• Sketch the general structure (not every gate) of a ripple-carry adder, carry-lookahead adder, and prefix
adder.

• Qualitatively compare the performance of the three kinds of adders, and give examples when you would
choose one over the other.

• Sketch a schematic for a subtractor, assuming you can use an adder as a functional block.
• Explain how you would multiply or divide a binary number by a power of 2.
• Describe the purpose of the ALU flags (NZCV).

Memory

• Compare and contrast DRAM, SRAM, and a register file, and explain why most computers have all
three.

• Describe how a memory is organized in terms of bits, bytes, words, addresses, etc.
• Sketch a block diagram (just a box with inputs and outputs) for a RAM or ROM, showing the widths

of the input and output ports as appropriate.

I/O protocols

• Compare and contrast I2C, SPI, and UARTs, giving pros and cons of each

ARM assembly

• Given a reference sheet, write ARM assembly using the operations ADD, SUB, AND, ORR, CMP,
LDR, STR, and B.

• Use the “S”, “NE”, and “EQ” mnemonics to implement conditional execution
• Use the CMP and B instructions to implement if/else/for/while

Single-cycle processor

• Given an ARM instruction and a diagram of the single-cycle processor, identify which parts of the
processor are active (i.e., which multiplexer inputs are selected, where data flows, which values are
stored).

• Explain how you would make small modifications to the processor to support additional features, such
as:

– Shift instructions, which shift values in a register left or right
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– Reverse subtract, which computes Rd = Rm - Rn (as opposed to normal subtract, which computes
Rd = Rn - Src2)

– Shifted immediates, where bits 11:8 are used to rotate bits 7:0

Pipelined processor

• Given a schematic of the single-cycle processor, sketch in the additional circuitry required to pipeline it.
• Describe the “data hazards” and “control hazards” that can occur in a pipelined processor, and explain

how these are handled.

Caching

• Given a memory access time, a cache access time, and a cache hit rate, calculate the average access
time for a memory.

• Explain why modern CPUs have multiple “levels” of cache.
• Describe the tradeoffs between a direct-mapped cache, a set-associative cache, and a fully-associative

cache.

Virtual memory

• Describe what virtual memory is, and why it is useful.
• Explain the purpose of the translation lookaside buffer (TLB).

Additional techniques for modern processors

• Give at least two examples of branch prediction algorithms.
• Explain how Meltdown and Spectre exploit speculative execution and the cache to steal secret data.
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