
CS 239 - Fall 2019 - Final Exam

1 2 3 4 5 6 7 8 9 Neatness

/10 /25 /20 /20 /10 /9 /9 /12 /9 /10

PLEASE READY CAREFULLY...

You may use notes which you have taken for this class. You may use the text and a
calculator.

You may ONLY use a calculator for the five functions +,−, ·, /,%.

You MUST show all work ... a solution appearing out of nowhere will have nopoints
noway!

You may NOT use online sources or anything ON your computer other than your MIPS
assembler.

Since this is a take-home final exam, it is expected that when you turn it in, it will be of
professional appearance. Sketch your answers on scratch paper, and once you’re certain
of your answers, transfer them NEATLY onto a copy of this exam or extra pieces of blank
paper for longer problems, and turn that in... one problem per page, pages in order, sta-
pled. You MAY submit this exam by email ONLY in PDF format attached to my email.
Note: your total score will include 0...10 points for neatness and clarity. And NOBODY
wants a 0 in neatness and clarity!!

As Tempting as it might be, you may NOT confer, ask, discuss, ponder, bemoan or other-
wise communicate with any members of this course, past or present, or any other human
being living today on anything written on this exam until after you submit it. A breach
of this condition CAN result in very real charges of academic dishonest adjudicated by
very serious senior faculty members. Just ... Don’t. Please.
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1. Multiple Choice: Circle the LETTER: a), b), c), ... etc., of the correct answer.

(a) All 16 2-input binary logic functions can be generated by using a) AND and
OR, b) NAND and NOR, c) NOT and GND, d) XOR and Vcc.

(b) In the MIPS language, LW is a) an R-type command, b) an I-type command,
c) a J-type command, d) A pseudoinstruction.

(c) Which would be LEAST likely to appear on a microprocessor: a) ALU, a)
RAM, c) WOM, d) Register

(d) Which of the following is least like the others: a) ALU, b) Register file, c)
Program Memory, d) Data Memory, e) Program Counter.

(e) Moore’s law suggests a) limited growth, b) exponential growth, c) linear growth,
d) unconstrained growth.

(f) The function most closely associated with bitwise parity is: a) AND, b) NOR,
c) XOR, d) NOT

(g) The two logical expressions: xiyi + xici + yici and xi ⊕ yi ⊕ ci are most likely
found in: a) a Multiplexor, b) a Demultiplexor, c) an Adder, d) a Parity en-
coder, e) a Subtractor

(h) The logical expression P6 = a2a1a0 is most likely associated with a) a Multi-
plexor, b) an Adder, c) a Demultiplexor, d) a seven segment LED display, e) a
bitwise Parity checker.

(i) The simplest type of MIPS command, in terms of tasks required of the CPU, is
an a) R-type command, b) I-type command, c) an J-type command, d) None
of the above - they’re all equivalent.

(j) A MIPS command Opcode equal to 000000 suggests that the command is of
type a) Arithmetic, b) No Operation this cycle, c) ALU related, d) RAM access,
e) Print, or other SYS type command.
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2. In this problem, we will design a device from it’s state transition table. You will be
asked to create three versions of the device, as well as sketching the state diagram,
and finally concluding exactly what this device is! It should be fun! Here is the table:

Rst Mode S1 S0 S+
1 S+

0 J1 K1 J0 K0 D1 D0 T1 T0 Out

0 0 0 0 1 0 0
0 0 0 1 1 1 0
0 0 1 0 0 0 1
0 0 1 1 0 1 1

0 1 0 0 0 1 0
0 1 0 1 1 0 0
0 1 1 0 1 1 0
0 1 1 1 0 0 1

1 0 0 0 0 0 0
1 0 0 1 0 0 0
1 0 1 0 0 0 0
1 0 1 1 0 0 0

1 1 0 0 0 0 0
1 1 0 1 0 0 0
1 1 1 0 0 0 0
1 1 1 1 0 0 0

The INPUTS are the signals Rst (Reset) and Mode (Mode). The OUTPUT is the
signal Out. You may assume that a clock is attached and that a state transition
occurs upon each clock cycle.

(a) Complete the transition table above, by filling in the missing columns, for the
J’s, K’s, D’s and T’s.

(b) Using Karnaugh maps as needed, determine the expressions for the functions:
J1 = J1(Rst,Mode, S1, S0) =

K1 = K1(Rst,Mode, S1, S0) =

J0 = J0(Rst,Mode, S1, S0) =

K0 = K0(Rst,Mode, S1, S0) =
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D1 = D1(Rst,Mode, S1, S0) =

D0 = D0(Rst,Mode, S1, S0) =

T1 = T1(Rst,Mode, S1, S0) =

T0 = T0(Rst,Mode, S1, S0) =

(c) Sketch the state diagram for this device. You should identify four states:
S0, S1, S2, S3, and transition input/output variables: Rst,Mode/Out.

(d) State, in words, what this device does. Include a description of the input and
output signals. You should write this as if you were a marketing manager,
writing a description for computer organization hobbyist. Just a few sentences
is sufficient if the details are present and correct.
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(e) Sketch three versions of the device: i) using two JK flip flops, ii) using two D
flip flops, and iii) using two T flip flops.
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3. We have seen the “BCD to 7 segment” and “Hexadecimal to 7 segment” devices.
In this problem we will design a “base4 to 7 segment” device. As we know, a base4
number utilizes only the digits 0, 1, 2, 3. Displayed on a 7 segment display, these
numbers would appear as:

(a) Suppose we identify the digits 0, 1, 2, 3 as a two bit variable n[1 : 0], with n1

being the most significant bit of weight 21, while n0 is the least significant bit
with a weight of 20. Determine the seven functions for the LED display in
terms of n[1 : 0]:

LED: a(n1, n0) b(n1, n0) c(n1, n0) d(n1, n0) e(n1, n0) f(n1, n0) g(n1, n0)

Formula:

(b) Suppose we wanted to do this without logic gates, and instead use a ROM.
What would be the dimensions of the ROM required to implement this device,
and what would its content be? Be specific to the bit level.
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(c) Carefully and Neatly sketch this circuit in the outline below, from the functions
you computed in part (a), connecting inputs and outputs as appropriate.

(d) Backwards Engineering! One example of pattern recognition involves an appli-
cation analogous to the following question: Suppose that instead of identifying
which LED bars to light up given a particular number, we now wish to identify
which number we see from a configuration of lit LED bars. So rather than find-
ing, say, a(n1, n0), ...g(n1, n0), we wish to find the inverses of these functions.

a) n1(a, b, c, d, e, f ,g) =

b) n0(a, b, c, d, e, f ,g) =
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4. Decoding the command line:

Did you ever wonder how the 32 bit MIPS command specifically alerts the CPU on
what it must do during the current command cycle? We investigate this question
with a drastically reduced command set below. In particular, suppose we construct
a scaled back version of the MIPS language with only the following commands. Con-
sider the following subset of MIPS commands with their six bit OPCODE, op[5 : 0],
and six bit FUNCT, fn[5 : 0], fields specified, below to answer the following ques-
tions. Note that some of these commands are R commands, and some I command.
Some are arithmetic, some are logic. etc. We wish to decode these bits to construct
command signals!

Command Bit: 31 30 29 28 27 26 ... 5 4 3 2 1 0
Opcode Bit, op[i]: 5 4 3 2 1 0

Funct Bit fn[i]: 5 4 3 2 1 0

mult 0 0 0 0 0 0 0 1 1 0 0 0
multu 0 0 0 0 0 0 0 1 1 0 0 1

div 0 0 0 0 0 0 0 1 1 0 1 0
divu 0 0 0 0 0 0 0 1 1 0 1 1
add 0 0 0 0 0 0 1 0 0 0 0 0

addu 0 0 0 0 0 0 1 0 0 0 0 1
sub 0 0 0 0 0 0 1 0 0 0 1 0

subu 0 0 0 0 0 0 1 0 0 0 1 1

and 0 0 0 0 0 0 1 0 0 1 0 0
or 0 0 0 0 0 0 1 0 0 1 0 1

xor 0 0 0 0 0 0 1 0 0 1 1 0
nor 0 0 0 0 0 0 1 0 0 1 1 1

addi 0 0 1 0 0 0
addiu 0 0 1 0 0 1

andi 0 0 1 1 0 0
ori 0 0 1 1 0 1

xori 0 0 1 1 1 0

(a) What does the output of the signal op[5] · op[4] · op[3] · op[2] · op[1] · op[0] tell
the processor?
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(b) Which logic function, using inputs op[5], op[4], ...op[0], fn[5], fn[4], ...fn[0], tells
the CPU that “the operand will be an unsigned integer”?

Uint =

(c) Which logic funciton tells the CPU “this is an I type command”?

Icmd =

(d) Which logic function tells the CPU “this will be an arithmetic (or a logic)
operation? That is, arith/logic is high for arithmetic functions, low for logic
functions.

arith/logic =

(e) Which logic function tells the CPU “the adder circuit will be used exactly
once”? Note: Remember that subtractors also use the adder circuitry.

addsubtract =

(f) Which logic function tells the CPU “the adder circuit will be used up to 32
times for this command, and our output will require two 32 bit registers (hi
and lo) to store the result?

namelesssignal =

(g) Which command(s) in this command set will execute in the shortest time?
Why?

(h) Explain how, by combining two of these commands, you could create your own
pseudo command called “comp2”, which computes the 2′s Complement of a
number.
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5. Writing a MIPS program which performs the following steps:

(a) Write the number 0x5A4B3C2D to RAM address 0x10010000. This just loads
a test data word for you to process, below.

(b) Read the 32 bit integer, say x, from RAM address 0x10010000, and store it in
register $t0.

(c) One by one, store each of the 32 bits of x into consecutive RAM addresses,
from 0x10010020 to 0x1001009C, in order of bit 0, bit 1, bit 2, ... bit 31. (That
is, bit x0 ⇒ 0x10010020, x1 ⇒ 0x10010024, ...).

Write and run this program on your MIPS assembler, and once completed, print the
program (with comments), as well as the assembler tool screen after running your
program. I should be able to SEE the contents of your registers and your program
memory from your Assembler screen printout.
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6. Numeric Conversions

(a) Write the number −13.75 as a float, expressing your number in both binary
and hexadecimal formats.

(b) At the moment this question was being composed, the U.S. National Debt was
at $23, 100, 398, 905, 372.00. Write this number as a double, expressing your
number in both binary and hexadecimal formats.

(c) Write the number 1872
7

as a float, expressing your number in both binary and
hexadecimal formats.
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7. Suppose we design a new data type called SHORTERFLOAT, which has 12 bits.
Bit 11 is the sign bit, bits 10...7 are exponent bits, and bits 6...0 are mantissa bits.
Perform the following tasks:

(a) Determine the smallest and largest positive numbers which can be expressed
in this format. Write these as base 10 decimal numbers.

(b) Let x = 0x5B2, and y = 62D. Assume that x and y are SHORTERFLOAT
words, and compute x + y. Write x + y in SHORTERFLOAT format, both in
binary and hexadecimal.

(c) Discuss the advantages and disadvantages of a different SHORTERFLOAT,
again with 12 bits, but this has 1 sign bit, 5 exponent bits, and 6 mantissa
bits.
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8. Consider the following circuit consisting of three JK flip flops (left to right, J2K2, J1K1, J0K0).
For each JK flip flop, the three inputs are on the left side: J, K, CLK from top to
bottom. The two outputs, Q, Q, from top to bottom, are on the right side. There
is exactly ONE output to this circuit: the Q output of the left most JK flip flop.
Two of the flip flop inputs are tired to Vcc (High Voltage).

You are asked to completely analyze this circuit as we did in class. At the end of
your analysis, state, in words, precisely what this circuit does. Yes, it has a very
specific function.
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9. Pick any three of the eight great ideas in computer architecture, and discuss them
in terms of something we studied this semester. Don’t write a novel ... just a
paragraph for each. Just enough to convince me that you recognize these ideas in
practice when you see them!

(a) Idea 1:

(b) Idea 2:

(c) Idea 3:
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