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Q1: Memory hierarchy [10 points]

Design a 64K*32-bit RAM using 16K*16-bit RAM modules shown below.

16K*16-bit RAM Module

Use a minimum number of the following logic components in your design (no other
components may be used for this design):

1) Priority Encoder

2) Decoder

3) Multiplexer
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Q2: Design of a Traffic Light Controller [40 points]

Consider the intersection of Campus and California shown below and consider only the
two Traffic Lights (TL) on Campus and California as shown below. Furthermore, assume
that traffic on Campus and California are one-way.

Design a digital system that controls the two traffic lights at this intersection with the
goal of minimizing congestion by balancing the traffic load. The basic idea is to give
more time for cars passing through the road with a higher traffic load.

To determine the traffic load, assume that a sensor on each road registers a pulse when it
senses a car passing through that intersection. Assume further that cars pass the
intersection ONLY when the traffic light is green, and we count the number of the cars
that pass through the intersection.

A

California

E

Campus

Campus-California Intersection

We estimate the traffic load on each road using the rate at which cars pass through
intersection. That is, Rate(TL) = The number of cars passing through the intersection
(while the traffic light is green) divided by number of cycles for that period.

Based on the comparative traffic loads, the TLs are in one of the following modes:

a) Campus High Mode, where Rate(TLcampus) >= 2*Rate(TLcifornis):

TLcampus is Green for 64 cycles, followed by Yellow for 8 cycles and Red for 40 cycles;
concurrently, TLcaitomia is Red for 72 cycles, Yellow for 8 cycles and Green for 32
cycles.

b) California High Mode, where Rate(TLciomia) >= 2*Rate(TLcampus):

TLcaiifornia is Green for 64 cycles, followed by Yellow for 8 cycles and Red for 40 cycles;
concurrently, TLcampus is Red for 72 cycles, Yellow for 8 cycles and Green for 32 cycles.
c) Comparable Load Mode, where we assume that the rates are comparable:

TLcalifornia @0d TLcampus are Green for 32 cycles, Yellow for 8 cycles and Red for 40
cycles. (Obviously when TLcampus is green or yellow, TLcaitomia is Ted and vice versa.)
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Assume the initial condition:

= Green, TLcajifomia = Red and Rate(TLcatifornia) = Rate(TI.QmPu,). (We are in
Comparable Load Mode)

Draw a template of the FSM and datapath. (5 points)
(Hint: You just need to show the external inputs and outputs of the system to the

controller and datapath shown below. You will design the interface between the
datapath and the controller later in this question)
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