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Problem 1 (6 points)

Please enter the missing values in the following LC-3 machine language program to implement a 2-input
NOR function. Assume that the 2 inputs are stored in registers R1 and R2. The final output should be
stored in register R3. (Adding comments to each machine language instruction will assist in awarding
partial credit).

Instruction

Comment

1001 001 001 111111

R1 <- NOT(R1).

1001 010 010 111111

R2 <- NOT(R2).

0101 011 010 000001

R3 <- R1 (AND) R2.

Problem 2 (3 points)

Please fill in the following LC-3 machine language program to multiply the value in RO by the value in R1.
Store the product of the multiplication in R2. (Adding comments to each machine language instruction will
assist in awarding partial credit).

Note: The opcode bits [15:12] have been provided for each instruction.

Address Instruction Comment
%3200 0101 010 010 1 00000 R2 <- R2 (AND) 0
x3201 0001 010 010 O 00 000 R2 <- R2 + RO.
x3202 0001 001 001 111111 R1<-R1-1.
x3203 0000 0 O 1 111111101 BR x3201.
%3204 1111 0000 00100101 Halt.




Problem 3 (4 points)

R1=R1-2

RZ2=R2+R1

D

True

|Halt- | R1=R1+9 [

R2>0

False

Consider the program represented by the flowchart above.
Please complete the table (2 instructions and 6 comments) in accordance with the flow chart.

Address Instruction Comment
%3000 0101 001 001 1 00000 Clear R1.
x3001 0101 010 010 1 00000 Clear R2.
x3002 0001 001 001 1 00111 SetR1to7.
%3003 0001 010 010 1 10111 Set R2 to -9.
%3004 0001 001 001 1 11110 R1=R1-2.
x3005 0001 010 010 O 00 001 R2 = R2 + R1.
x3006 0000 110 111111101 BRnz 0x3004.
x3007 0001 001 001 1 01001 R1=R1+09.




x3008 1111 0000 00100101 HALT

Problem 4 (4 points)

This problem has 2 parts which consider the following LC-3 instruction located at memory address x4300.
x4300: 0000 010 000000100

a. Assume the initial contents of the registers are as follows:

RO contains 4

R1 contains 3

R2 contains 6

R3 contains 0

If the instruction at 0x42FF is the one shown below, what is the value of the PC after the instruction at
0x4300 is executed?

x42FF: 0001 000 001 1 00001
x4300: 0000 010 000000100

x4301

b. Assume the initial contents of the registers are as follows:
RO contains 4

R1 contains 3

R2 contains 6

R3 contains 0

If the instruction at 0x42FF is the one shown below, what is the value of the PC after the instruction at
0x4300 is executed?

x42FF: 0101 011 001 1 00000
x4300: 0000 010 000000100

x4305



Problem 5 (5 points)

The PC has the value x5010. The following memory locations contain values as shown:

Memory Location Contents
%5013 %6023
x6023 x6025
x6025 %0112
x6027 x824C

a. (3 points) The following LC-3 instructions are then executed, causing a value to be loaded into R3.
What is that value?

x5010: 1110 1000 0000 0010

x5011: 0110 1011 0000 0000
x5012: 0110 0111 0100 0000

LEAR4, x5013; R4 <- x5013

LDR R5, R4, x0000; R5 <- Mem[x5013] = x6023
LDR R3, R5, x0000; R3 <- Mem[x6023] = x6025

b. (1 point) In English words, describe what the program (the three-instructions sequence) is
accomplishing.

LDI

c. (1 points) We could replace the three-instruction sequence (in part a) with a single instruction (at
memory location x5010). What is it ? (Show the 16 bits of the instruction)

1010 011 000000010



Problem 6 (2 points)

Which of the following LC-3 instructions at address 0x0350 will always clear register RO (i.e. set the
contents of RO to all zeroes) ?

a. 0001 000 000 100000
b. 0101 000 000 100000
c. 1110 000 000 000000
d. 0010 000 000 000000
b.

Problem 7 (3 points)

a. (1 point) In any program, what is the range of values that the immediate field of an ADD instruction can
take?

-24 to 24-1.

b. (1 point) Suppose the number of opcodes for the LC-3 increases to 64. If the instruction size stays the
same, how is the range of addresses a BR instruction can access affected?

Opcode field is increased by 2 bits. PC offset becomes 7 bits and PC offset range becomes -26 to 26-1.
Thus the branch can be from PC+1-26 to PC+26

c. (1 point) An LDR instruction, located at x3000, uses R1 as its base register. The value currently in R1 is
x1000. What is the largest address that this instruction can load from?
x1000 + x001F = x101F.



Problem 8 (3 points)
In this problem, the program starts executing from address 0x3000.

If the value stored in RO is 0 at the end of the execution of the instruction at 0x3003, what can be inferred
about R5?

0x3000: 0101 000 000 1 00000
0x3001: 0101 100 101 1 000001
0x3002: 0000 010 000000001
0x3003: 0001 000 000 1 00001

a.R5isequalto 0
b. R5 is equal to 1
c.R5is equal to 2
d. R5is equal to 3

Hint: Start with the last instruction and work backwards. If there is a branch instruction, decide if that
branch is taken or not, for the value in RO to be 0.



