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Problem 1 (10 points)  Data Path 
Describe how the LC-3 instruction 
 STR R5,R4,#3 
causes data to be routed through the components, such as registers, buses, and MUXes, of the LC-3 
data path.  This STR instruction may refer to registers or memory elements whose values aren’t known.  
Don’t worry about these unknowns.  Just use words like “contents of register x” in your answer. 

• PC sent through bus to MAR to fetch instruction 
• Memory loads instruction into MDR 
• MDR sent through bus to IR 
• Instruction decoded 
• R4 added to 3 but not in ALU and sent through bus to MAR 
• R5 sent through bus to MDR for writing to memory 
• Memory writes data In MAR to address in MDR 

Grading: 
Grading was very strict following the assumption that I would make an “adjustment” after all problems were 
graded, rather than go overboard with partial credit. 
Many answers did not mention the bus, memory registers (MAR and MDR), or any internal components of 
the LC-3 data path.  Several answers also had incorrect descriptions of the STR instruction.  These answers 
generally received no credit.  Partial credit was given for other answers depending on how closely these 
answers followed the actions performed within the LC-3 data path. 
 
Problem 2  (15 points)  LC-3 programming 
Write two short LC-3 programs to solve the following small problems.  Answers that are unnecessary long 
or complicated will not receive full credit. 

Write LC/3 code to compute 1-R3 and store the result in R5.  That is, do 
     R5 ← 1-R3 
  NOT   R5,R3 
  ADD   R5,R5,#2 

Grading: 
Six points for the correct answer.  Four points for computing R5 ← -R3 by not adding in the extra 1.  Other 
answers were graded proportionately, but two points deducted for every illegal LC/3 instruction.  

Write LC/3 code to compare R4 to zero and to 
 (1) set R5 to 3, if R4 is positive; or  
 (2) set R5 to 1, if R4 is zero or n ve
 AND   R5,R5,#0   AND   R5,R5,#0 

egati . 

 ADD   R4,R4,#0   ADD   R5,R5,#1 
 BRnz  Set1    ADD   R4,R4,#0 
 ADD   R5,R5,#3   BRnz  #1  ;; skip 
 BR    DONE    ADD   R5,R5,#2 
 ADD   R5,R5,#1 
DONE 

Grading: 
Nine points for the correct answer.  Two points deducted for not initializing R5 before the ADD’s.  Two 
points deducted for not have the BR between the two ADD’s to set R5.  Other answers were graded according 
to how much of the problem was solved correctly. 
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Problem 2 (25 points)  Hand assembled 
Use the symbol table shown below in this question. 
 

ASHEVILLE x4626 offset x25 
KINSTON x4695 offset x94 
RALEIGH x4685 offset x84 
WILMINGTON x46A6 offset xA5 

 
Write the appropriate 16-bit LC-3 machine language word, in binary or hex, for each assembly 
language statement shown in the left column of the table below.  Assume that the instruction is 
located at address x4600 in all cases.  If the assembly language statement is illegal, state the 
reason why. 
 

 ADD   R0,R2,#12 0001 000 010 1 01100 
 ADD   R7,R7,#-12 0001 111 111 1 10100 
 AND   R2,R3,R4 0101 010 011 000 100 
 AND   R2,R3,#14 0101 010 011 1 01110 
 BR    ASHEVILLE 0000 111 000100101 
 BRnz  KINSTON 0000 110 010010100 
 BRz   x15 0000 010 000010101 
 LD    R2,RALEIGH 0010 010 010000100 
 LDR   R2,R2,#-2 0110 010 010 111110 
 LEA   R2,WILMINGTON 1110 010 010100101 
 OR    R4,R3,R4 No such opcode
 STR   R3,R4,#20 0111 011 100 010100 

 
Grading: 
Generally one point was deducted for each mistake.  However, if there were several related 
mistakes only two points were deducted.  This generally happened when there was a consistent 
problem with computing the address offset – such as subtracting x4600 rather than x4601 or 
assuming that x4601 (or x4600) was a decimal number and doing incorrect (and time consuming) 
conversions between decimal and binary. 
 
One common mistake was to assume that “BR” means that none of the N,Z, and P bits are on.  
However, “BR” is used in the LC-3 assembler, the text (though sparingly), and the lectures 
(frequently) as another way of saying “BRnzp” so one point was deducted for not having NZP set 
on the “BR ASHEVILLE” instruction.
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Problem 3 (25 points)  Hand executed 
The binary program shown in the left column below is loaded into memory starting at x3000.  In 
the right column, write the LC/3 assembly instructions or appropriate psuedo-ops corresponding 
to this program.  Be sure to include appropriate labels and .ORIG and .END statements. 
 

Binary Assembly
       .ORIG  x3000

1010010000000101       LDI    R2,LabA      ;x3000 

0001001010111101       ADD    R1,R2,#-3    ;x3001    

0101011010101100       AND    R3,R2,xC     ;x3002 

0000101000000001       BRnp   LabB         ;x3003 

0001010010100001       ADD    R2,R2,#1     ;x3004 

1111000000100101 LabB  HALT                ;x3005 

0011000000000111 LabA  .FILL  x3007        ;x3006 

0000000000000101 LabC  .FILL  #5           ;x3007 
       .END

 
Grading: 
One point was allocated each for the .ORIG and .END; and two points, for each of the nine LC/3 words.  The 
last two should have been .FILL’s, but if instructions were given that would have generated these data fields, 
full credit was given.  “BR #5” does not work for the last word. 
 
Suppose the program shown above is executed on the LC-3, starting with its first instruction.  As the 
program is executed, instructions will be fetched, register or memories locations may be modified with 
values computed by the instruction, and the N, Z, and P bits may be changed.  Document these changes 
in the table below.  Fill in the cells of the table for each executed instruction until either (1) ten instructions 
are executed or (2) the HALT (TRAP x25) instruction is reached. 
 
Do not simply fill in a row for each word shown in the above table.  Some of these words will never 
be executed and should not appear in the table.  Some of these words may be executed more than 
once.  Entries in the “Effect of the instruction” should be very specific, such as “Adds R5 and R3 and 
obtains xFF which is stored in R4”. 
 
Grading: 
Five instructions will be executed and one point was allocated for each executed instructions.  However, many 
answers listed the instructions (or data) in memory rather than the executed instructions.  These answers 
were given at most two points of credit. 
 

Instruction address Register or memory 
location m  odified Effect of the instruction NZP

x3000 R2 Loads 5 (x3006→x3007)  into R2 001
x3001 R1 Loads 2 (R2-3) into R1 001
x3002 R3 Loads 2 (R2 AND xC) into R3 001
x3003 PC Sets PC to x3005 001
x3005  Halts
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Problem 4 (16 2/3 points) 
Assume that the eight LC/3 registers have the values shown on the left below and that the eight words of 
memory starting at memory location x3040 have the values shown on the right. 

Register Value Address Value 
R0 x0000 x3040 x0000 

R1 x0000 x3041 x1111 
R2 x2101 x3042 x2121 
R3 x3101 x3043 x3131 
R4 x0000 x3044 x0000 
R5 x5101 x3045 x5151 
R6 x0000 x3046 x0000 
R7 x0000 x3047 x0000 

 
For the six addresses shown below, write a single LC/3 instruction to load the value stored in the 
specified memory location into register 4.  (For example, when x3041 is specified, x1111 should be 
stored in R4.)  Assume that each instruction is located at memory address x3021. 
 
If this location cannot be loaded in one instruction, state why this is not possible. 
 

x0000     LDR   R4,R0,#0 
x2120     LDR   R4,R2,x1F  ;; x2101+x1F
x2121     LDI   R4,x20     ;; M[PC+x20]
x3041     LD    R4,x1F     ;; PC+x1F 
x3131     LDI   R4,x21     ;; M[PC+x21]
x5202 Can’t be done in one.  Too far from x5101. 

 
Problem 5 (8 1/3 points) 
Assume the same register and memory contents as in Problem 4.  Also, continue to assume that you are 
writing an instruction to be stored at memory location x3021. 
 
However, this time assume the leftmost column refers to values and not to memory locations. (For 
example, when x3041 is specified, x3041 should be stored in R4.)  For each row, write a single 
instruction to store these values into register 4.  If this value cannot be generated in one instruction, state 
why this is not possible. 
 

x3041     LEA   R4,x1F     ;; PC+x1F 

x3131     LD   R4,x21     ;; M[PC+x21] 

x5202     ADD   R4,R2,R3 
 
Grading: 
Three points were given for each of the nine parts.  The extra two points was to make the last, almost 
impossible-to-get problem, “extra” credit.  (Two students did get it!) 


