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Problem 1 (20 points):

Part a (5 points): The following program is assembled. Complete the symbol table entry for THIS.

Note: Descriptions for pseudo-ops such as .ORIG, .END, FILL, .BLEKW, and .STRINGZ can be found in
the auxiliary packet.

LORIG  x3000 .
LD RO,START Symbol | Address
TRAP x21 START | x3003
s THIS |x300])

START  .STRINGZ "Let's go!"
THIS LSTRINGZ "and THAT"
.END

Part b (5 points): The finite state machine shown below has one external input and two external outputs.
The output for each state is shown inside the state. The machine is initially in state A and receives an input
string of n 1's followed by a single 0. What does a final output of 00 signify about n?

StateD  State A  StateB  State C

DEORONG

Answer:

N 15 even.

Part ¢ (5 points): During the execution of the following program, how many times does the instruction
labeled AA get executed?

.ORIG %3000 oo

AND R1, R1, #0 G

ADD R3, R, #2 [g
Ad ADD R3, R3, R3

BRup  AA

HALT

.END
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Problem 1 (continued):

Part d (5 points): What does the Assembler produce when presented with the assembly language instruction
LDR R3, R2, #-35. (An instruction layout is provided for your use, if you need it.)

I+ Frﬂo(ut&&s a’l ecrof mas,fqge,, jq;;{ng
’Mm‘ﬁ‘ _ﬁ—BS cannot b‘i fﬁﬁfﬂseﬂf‘ec( n & bits.
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Problem 2 (15 points):

In this problem vou are asked to desizn a logic circuit that computes n™, for 2-bit unsigned integers n, m.

k, n" (expressed 28 Ty Tep -.- To}

n—}—r
—

m

Part a : What is the maximum value of n? 3 of m? 3

Part b : What is the maximum possible value for n™? 3'7
Part c : In the block diagram above, what is the value of k7 S—

Part d : Construct the truth table for the logic function that computes n™. (Assume 0° = 1)
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Problem 2 (continued) :

Name:

Part e : Construct the logic circuit for the output rj.
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Problem 3 {15 points):

Figure 3.22 in the textbook shows a 2% by 3 memory. In the fizure below, we have replaced the one-bit
WE signal with a 2-bit signal we call X plus the additional logic that is necessary to perform the functions
required by the four values of 3. This figure is also included in vour auxiliary packet.
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Problem 3 continued :

Part a : In 15 words or fewer each, what function is performed for each of the four values of X.

X=00
Eaables werithin 'b:; bt o
of +he Value Ftorec at A.

X=10

Fnables weikn J(*O b+ i 8
of the value 5*2(901 at A.

[ X=01
Eaables wirting o bt 1L
of the valwe3tored ot A

X=11
Enn\y.gj wrfl-n'ﬂj to all bts
o€ the value storecl at A.

Part b : What important situation can no longer occur if we replace WE by the 2-bit signal X7 (In 15

words or fewer, please.)

Answer:

Y&M Cany rno [ﬂns&r G{b G PUFE_ F-Faqa[ ¢r¢:rﬂ Mﬂnwf;rr_
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Problem 4 (15 points):

Name:

What does the following program do? Explain in the box provided below.

.ORIG x3000
AND R1, R1, #0
AND R2, R2, #0
LDI RO, IN_ADDR
LO ERz END
BRp L1
ADD R1, R1, #1
L ADD RO, RO, RO
ERnzp LO
END ADD R1, R1, #-8
BRnz L2
ADD R2, R2, #1
L2 ST R2, OUTPUT
HALT
IN_ADDR .FILL x4000
OUTPUT  .BLKW x1
.END

Answer:

I{‘\' +he Um[uﬂ. crf (’Gtc-\"rfon x‘f’ﬂ’oo hqs. =8 Makjm‘!hf*?f ép QJ
of ks |iks sety a 1wl be stoced at ouT P‘*’-"T,
otherwise oo O wil] be stored at OUTPUT,
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Froblem 5 (15 points):

Name:

Shown below is a snapshot of the 8 registers and the PC of the LC-3 at two instances of time: (1) before
the instruction at location x4000 is fetched , and (2) after the instruction at location x4001 has completed.
Note that one piece of data is missing.

Betore After

Instruction | Instruction
at x4000 at x4001

PC x4000 x4010

R 0000 x0000

R1 *x1000 x1000

R2 x2000 x2000

R3 %3000 x3000
Re | xio00 | xOAOE

R5 %5000 x5000

Rb xG000 x60H10

R7 = 7000 x7000

Part a : Complete the following two entries:

15 0
Instruction at x4000: | 0 1 1 0 t 0O O 1 a 0 0 0 0 0 0 1

15 0
Instructionatx4001: | 0 [0 [0 |0 |[OQO|O|] |OIO|O |® |O f 0 S

Part b : Supply the missing data element in the table (shown above).

Note: More than one correct set of answers is possible for this problem. Any correct set of answers will do.

/UmLP,'- There are Refher sofln ’}l?br’}j since +Hhe Ncmcf Z
bits in the branch mstruction can be elfher
O or 1 v
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Problem 6 (15 points):

Name:

It has been suggested that we use the unimplemented LC-3 opcode to add push and pop to the LC-3 ISA,
as follows:

PUSH: 1110'5&[01}0 0 00000 POP- | 1110 | DR | 000 1 00000

The assembly language syntax is:

PUSH SR
POP DR

Pushing and popping works as discussed in the textbook, using R6 as the stack pointer. The table shown
below shows the contents of several memory locations before and after the following assembly language
program is executed.

Before | After
x3FFB 0
*FFC
x3FFD
x3FFE
*3FFF

el

[=}]

] e ] ]
o] | | =

LD R6, STACK; # (w]e] 0000 |odbO O

AND RO, RO #0; * |0 || 000 0CQ 00000
PUSH RO

Pop R1I ]

ADD R1, R1, #3

PUSH R1

ADD R2, R1, #1

PUSHR2 ; * [[110 ©lo Q00 0 OoooQ
PUSH R2

ADD B3, R2, R2 ; * [00o| 01} ol co0 ol |
PUSH R3

PUSH R3

7 —

ADD R3, R2. R1
PUSH R3
HALT

STACK .FILL x4000
.END

MNote that three of the instructions are missing from the assembly language program, and that four instrue-
tions have a * in the comment feld,

Your job:
Part a : Fill in the three missing instructions in the program, one per box, in the boxes provided.

Part b : For each of the four instructions with the * comment, provide the corresponding machine language
instruction in the box to the right of it.

Part ¢ : What is the contents of 6 after this program halts? ‘ 5% 3 FFL
10




Mo SD luu jr'.‘ o

Problem T (15 points):

What does the following program do? Explain in not more than 15 words in the box provided below.

LORIG =x3000

AND R1, R1, #0O
ADD R2, R1, #15
ADD R3, R1, #1
LDI RO, IN_ADDR

Lo AND R4, RO, R3
BRz L1
ADD R1, R1, #1
L1 ADD R1, R1, Rl

ADD R3, K3, R3
ADD R2, R2, #-1
BRp LO
AND R4, RO, R3
BR=z L2
ADD Ri, Ri, #1
Lz ST Ri, OQUTPUT
HALT
IN_ADDR .FILL %4000
OUTFUT .BLEW =1
.END

Answer: REVﬂfﬁﬁ 4he bt _S.Jrhlﬂﬁ of +the value at !r"fﬂﬂﬂ:
anodl steres the fesuld ot OUTPUT.

If you are not sure what this program does, answer the following questions for partial credit. If yvou know
what it does, you do not need to answer these questions.

Part a (1 points): Where in memory is the input to the program:

[Answer: x L},OU F:}

Part b (1 points): Where in memory is the output of the program:

foswer: % 3031

Part ¢ (2 points): At the end of the program what are the contents of the following registers (for any input):

R2: (O R3 o 3000

Part d (1 points): What input will cause the output to be 0:

& NEWET! D |

Part e (2 points): What is the output for the following binary inputs:

0000 0000 0000 0101: [O @ QOO0 00O QOO0 1100 0000 0000 0000: OAOP HOOQ G0A0 Jo 1|

of 11
L~
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Problem 8 (15 points):

Name:

What is the output of the following program? Show your work. Be very careful.

.ORIG %3000
AND R1, R1, #0
LDI RO, START
ST R1, #0
LEA RO, Messagel
Trap x22
HALT
START .FILL x3002
Messagel  .STRINGZ "I HOPE"
.BLEW x01F0
MessageZl LBTRINGZ "I PASSED"
.END
A nswer:
PASSED

12



