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Problem 1. (30 points):
Part a. (5 points): A function is described by the truth table shawnthe left below. Your job: Complete the logic
implementation shown on the right by adding the appropdatenections.
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Part b. (5 points): We have talked about binary, decimal, and heg@dal. In this problem we are talking about octal,
i.e., base-8 representation. Two 3-digit octal numbersadided, and the result, in octal, is 603. One of the humbers

is 374. The other number i5:

Part c. (5 points): The same 8-bit (one byte) code can represemntrdeuof different values, depending on the data type.
For each of the data types in the table below, what is the \@&fltlee code 010000007

ASCII

2’s Complement Intege

Unsigned Integer
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Part d. (5 points): We are just about ready to start writing progsdihat will execute on the LC-3. One of the instructions
the LC-3 can execute is the ADD instruction, which adds twebt®’'s complement integers. Suppose the two integers
we wish to add are

01xXXxx111000xxXx
10xxxxx001100xxX

where some of the bits have not been identified, and so aresepted by x.
Can the sum of the two integers (with x replaced by 0 or 1) exsult in an overflow?
YESNO (circleone)

If yes, give an example. If no, explain why not in 20 words avée

Part e. (5 points): Assume a new 8-bit floating point data type, wH#t]7] is the sign, bits[6:4] represent the exponent
in an excess code, and bits[3:0] represent the fraction bite number 3 1/8 is represented exactly as:

01001001

What is the bias of the excess code?

Part f. (5 points): In class we showed the first few states of theefisiate machine that is required for processing
instructions of a computer program written for LC-3. In thsffistate, the computer does two things, represented as:

MAR <-- PC
PC <-- PC+1

Why does the microarchictecture put the contents of the Ritire MAR?

Why does the microarchitecture increment the PC?
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Problem 2. (20 points): The transistor circuit shown below producesahcompanying truth table. The inputs to some
of the gates of the transistors are not specified. Also, tiyeutsi for some of the input combinations of the truth tabke ar
not specified.

Your job: Complete both specifications. i.e., all trangistwill have their gates properly labeled with either A, B,@r
and all rows of the truth table will have a 0 or 1 specified asotiput.

Note that this is not a problematic circuit. For every inpoimbination, either the output is connected to ground
(i.e., OUT=0) or to the positive end of the battery (i.e., Gt1].
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Problem 3. (15 points): Most word processors will correct simple esrior spelling and grammar. Your job is to specify
a finite state machine that will capitalize the personal ptonl in certain instances if it is entered as a lower case i.

For examplej think i’m in love will be corrected td think I'm in love.

Input to your finite state machine will be any sequence ofattars from a standard keyboard. Your job is to replacé the
with anl if

the i is the first character input or is preceded by a *spaced, a
the i is followed by a *space* or by an *apostrophe*.

Shown below is a finite state machine with some of the inpuissame of the outputs unspecified. Your job is to complete
the specification.

Inputs are from the s€fti, A, S, O}, where A represents an apostrophe,
S represents a space,
O represents any character other than i, apostrophe, oc&$pa

The output Z corresponding to each state is 0 or 1, where 0 sriglamothing,”
1 means “change the most recerd anl.”

Note: this exercise in developing a finite state machine vpoodessor is only a first step since a lot of “i to I” will not fix
the problem. For example,

i’ am —> | am, i'abcd —> I'abcd, and i'i —> I'i are all bad!

But it is a first step!

Z=0

Initial
State
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Problem 4. (15 points): A finite state machine is connected & &y 2 bit memory as shown below:

Combinational

Logic
z2
Z1
Z0
S2
S1
SO

3 Master—Slave
Flip—Flops

A[2]
A[1]
A[O]

Memory

D[1]
D[O]

The contents of the memory are shown below to the left. Théstake transition table is shown below to the right.

Address|| Content
A[2:0] D[1:0]
000 11
001 10
010 01
011 10
100 01
101 00
110 00
111 01

Current State| Next State
S[2:0] D[1:0] | D[1:0] | D[1:0] | D[1:0]
00 01 10 11
000 001 010 110 100
001 100 000 011 110
010 010 100 111 010
011 001 100 100 010
100 110 011 011 111
101 100 010 100 110
110 001 110 100 010
111 000 101 111 101

The output Z0, Z1, Z2 is the current state of the finite statehirge. That is, Z0=S0, Z1=S1, Z2=S2.

The cycle time of the finite state machine is long enough sbdh@ng a single cycle, the following happens: the output
of the finite state machine accesses the memory and the daikeslby the memory is input to the combinational logic
which determines the next state of the machine.

Part a: Complete the table below:

Part b: What will the state of the FSM be just before the
end of cycle 100? Why?

Cycles State Data
Cycle 0 000 11
Cycle 1

Cycle 2

Cycle 3
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Problem 5. (20 points): Recall the? by 16-bit memory from problem 6 of problem set 3. It is reprodd below. Recall
that each of the four muxes on the diagram have 4-bit inputcesuand a 4-bit output, and that each 4-bit source is the
output of a single 4-bit memory cell.

A[1:0]
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Part a: Unfortunately, the memory was wired by an engineering stitdrom an un-named university, and he got the
inputs to some of the muxes mixed up. That is, instead of thiés4filom a memory cell going to the correct 4-bit in-
put of the mux, the 4 bits all went to one of the other 4-bit segrof that mux. The result was, as you can imagine, a mess.

To figure out the mix-up in the wiring, the following sequermdenemory accesses was performed:

Read/Write| MDR | MAR

Write x134B 01

Write XFCA2 10

Write XxBEEF | 11

Write X072A 00

Read xXF34F 10

Read x1CAB 01

Read X0E2A 00

Note: On a write, MDR is loaded before the access. On aread, MDRaied as a result of the access.

Your job is to identify the mix-up in the wiring. Show which mmery cells were wired to which mux inputs by fill-
ing in their corresponding addresses in the blanks provitlede that one address has already been supplied for you.

T44f 1917 $Eif 11t
| | | |

DI15:121 DI11:81 DI7:41 DI3:01
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Part b: After rewiring the muxes correctly and initializing all mery cells toxF, the following sequence of accesses
was performed. Note that some of the information about eacbss has been left out.

Your job: Fill in the blanks.

Read/Write| MDR MAR

Write X72____ | 0__

Write x8FAF 11

Read X72A3 _0

Read xFFFF 1

Write X732D _1

Read XFFFF 0_

Write Xx_ 7| 0_
Read X37A3 _1
Read X D| _1

Show the contents of the memory cells by putting the hex digit is stored in each after all the accesses have been
performed.

D[15:12] D[11:8] D[7:4] D[3:0]
Address

00

01

10

11




