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The University of Michigan - Department of EECS 

  

EECS370 – Introduction to Computer Organization 

 

Midterm Exam 1 – February 19, 2009 
 

 
Name: _____KEY___________________________________________ 
 
University of Michigan uniqname: ___________________________ 
(NOT your student ID number!) 
 
Open book, open notes.  No laptops, PDAs, cell phones, etc. (calculators are ok). This exam 
has 6 sets of questions, 18 pages, and 75 points.  Questions vary in difficulty; it is strongly 
recommended that you do not spend too much time on any one question.  For questions 
where a box is provided, please put your final answer in the box. 
 

Question Points 

1 – Short, M/C, and T/F questions        /15 

2 – Finite State Machines  /10 

3 – Digital Logic /10 

4 – Single Cycle Datapath /10 

5 – ISA Design /15 

6 – LC2K /15 

Total /75 

 
 
The rules of the Honor Code of the University of Michigan - College of Engineering apply for 
this exam. 
 
Honor code pledge: I have neither given nor received aid on this examination, nor have I 
concealed any violations of the Honor Code. 
 
Signature: ________________________________ 
(Exams without a signed pledge will not be graded) 
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1. Short, M/C, and T/F Questions [15 points] 
 

 

a) MIPS ISA:  Consider the following memory state. 

 

 
 

 

 

[2 points]  Give the contents of register $4 after the execution of the following MIPS instruction. 

 

      lh    $4, 102 ($0) 

 

 
 

 

 

 

 

MSB LSB 

$4 00 00 3C 1D 

AB 

12 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

Byte 

Address 

Memory

Data 

1D 

A2 

1F 

CD 

C2 

A1 

45 

3C 
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b) IEEE 754 Floating Point 

 

[2 points]  Certain integers in the range [2
20

, 2
30

] cannot be represented in IEEE 754 floating 

point format. 

 

TRUE   FALSE 

 

 

 

c) Addressing Modes 

 

[2 points]  Consider the following instruction from a new byte-addressable big-endian ISA 

 
complexlw   $ra   $rb   $rc 

 

This instruction loads register $ra with the 4 bytes starting at the memory address $rb + M[$rc], 

where M[$rc] is the signed byte (in two‟s complement) at the memory address contained in $rc.  

Given the following state of the memory and the register file, what are the contents of register 

$1 after the execution of the following instruction? 

 
   complexlw   $1   $2   $3 

 

 

 
 

 

 
MSB LSB 

$1 AB CD FF 1D 

AB 

CD 

100 

101 

102 

103 

104 

105 

106 

107 

108 

109 

Byte 

Address 

Memory

Data 

FF 

1D 

A2 

12 

CA 

12 

34 

45 

103 

101 

Register 

File 

102 

106 

$1 

$2 

$3 

$4 
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d) ISA Design and Branches 

 

[2 points]  Consider a 48-bit ISA with the following format for branch instructions: 

 
 

The ISA has 112 instructions and provides 64 architectural registers.  What is the range of 

branch targets?  (The offset is given in 2‟s complement notation, and the branch target is at 

PC+1+offset.) 

 

 

Answer: [-  228 ,  228
-1 ] around PC. 

 

 

 

 

e) Caller / Callee Save Registers 

 

[3 points]  Consider the following two functions (in pseudocode).  If there are 2 caller-save and 

3 callee-save registers available, which one of the following assignments is valid and more 

likely to result in the fewer dynamic instructions? 

 

 

void main() {  func(p) { 

   int a, b, c;       int d; 

   …        … 

   a = …;        d = p * p; 

   b = …;        while (d>0) { 

func(a + b);       d = d – 1; 

   c = a + b;       p = p -1; 

     func(p); 

   ...        } 

         }    } 

 

 

a. Caller-save: a, b, d;  Callee-save: c, p 

b. Caller-save:  a, b, c;  Callee-save: d, p 

c. Caller-save:  a, d, p;  Callee-save: b, c 

d. Caller-save:  a, c;  Callee-save: b, d, p 

e. Caller-save:  b, c, d, p;  Callee-save: a 

 

 

 

opcode regA regB offset 
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f) Memory assignment  

 

[2 points]  For the following pseudocode, indicate the correct assignment of variables to 

memory. 

 

int a, b; 

void foo (int x); 

{ 

   int y[2]; 

   static int z[2]; 

   … 

    while (x > 0) 

 printf(“hello\n”) 

 x = x – 1; 

  } 

 

 

a. Stack: a, b;   Heap: x;   Static: y[0], y[1], z[0], z[1] 

b. Stack: x;   Heap: a, b;   Static: y[0], y[1], z[0], z[1] 

c. Stack: a, b, x;   Static: y[0], y[1], z[0], z[1] 

d. Stack: x;   Heap: y[0], y[1];   Static: a, b, z[0], z[1] 

e. Stack:  x, y[0], y[1];   Static: a, b, z[0], z[1] 

 

 

 

 

g) Data Layout 

 

[2 points]  Assuming data memory starts at 100, calculate the total number of bytes needed by 

the following 

 

int x; 

short a, b; 

struct{ 

    char c; 

    double f; 

} i; 

short e; 

 

 

 

Answer: ______30_______ Bytes 
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2. Finite State Machines [10 points] 
 

You work for an internet router company, and you’ve been tasked to design a finite state machine 

(FSM) that implements a network router virus checker.  The FSM monitors the bits entering the 

network, and it looks for “signatures” (sequences of bits) that are found in viruses.  The FSM has one 

input “i”, which is the next bit entering the network.  Once a signature is found, the FSM asserts a 

check signal “c”, which indicates to the router that a virus signature has been found.  The virus 

signatures you must detect are 0011 (that is, a 0 in the network input followed by a 0, followed by a 1, 

and then followed by a 1), 0101, 1001, and 1111. The FSM continues to assert the check signal 

(independent of future input) until it is reset.  The design was going to be straightforward until your 

boss told you that this part of the design has only been allocated three flip-flops, thus, your FSM can 

have no more than 8 states! To simplify the design, assume that when a signature does not match, 

moving back to the initial FSM state will resynchronize the input to the network input bit immediately 

after the start of the failing match. 

 

a)   [7 points] Show the state transition diagram and state assignments for this FSM.  Be sure to show 

all of the states needed to implement the FSM and all transitions (labeled with corresponding input 

values) possible from each state.  The diagram is started for you: 

 

 

 

 

 

 

 

 no 

virus 

assert 

check 

1 

 1 

0 0 

1 

1 1 

0 

0 

1 

State 0 

State 1 
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0 

1 
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b)   [3 points] Draw a combinational logic circuit that implements the check signal “c”, using only 

the three current state bits (from the state assignment in the previous part, s2, s1, s0) and the input 

signal (i) as inputs to the circuit. You can only use simple gates to implement your design (e.g., 

NAND, AND, OR, Inverter). (Note, if you do not need one of these inputs, just leave it 

disconnected.) 

 

 

s0 

 

s1 

 

s2 

 

i 

 
 

c 
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3.  Digital Logic [10 points] 
 

 
Problem continues on next page: 
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a)   [4 points]  Write the truth table for the outputs y0 and y1 of this circuit.  HINT: You can save 

yourself a lot of work by using X to denote “don‟t care” inputs. 

 

 

 

 

x3 x2 x1 x0 y1 y0 

0 0 0 1 0 0 

0 0 1 X 0 1 

0 1 X X 1 0 

1 X X X 1 1 

 

 

 

 

 

 

 

 

 

 

 

b)   [4 points]  If we assume that all the gates, including inverters, AND gates, and OR gates, have a 

delay of 10 ns, what is the total delay of the circuit? 

 

60 ns 

 

 

 

 

 

 

 

c) [2 points]  In a few sentences, explain what the circuit does. 

 

This circuit is a priority encoder.  If two or more inputs are on at the same time, only the 

input with the highest priority will be considered; all lower priority input bits will be 

ignored.  Here, x3 has a higher priority than x2, and so on.  The output bits represent the 

index of the highest non-zero input bit. 
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4.  Single-Cycle Datapath [10 points] 
 

As a verification engineer in 370Processor, Inc., you are asked to verify the single-cycle processor that 

your company has developed, lovingly called by all as the LC2K9 processor. To refresh your memory, 

we have the datapath diagram from slides in Lectures 9 and 10. 

 

 

 

 

 
 

 

 

 

Once you receive the processor die from the foundry, you receive a frantic call from the foundry 

engineer who tells you of “stuck-at” defects that crept into your processor during fabrication.  To make 

your life easier, he tells you that the defects are specifically “stuck-at” faults.  A stuck-at fault is a 

defect in which individual wires or signals are assumed to be stuck at logical „1‟ or „0‟.  Your boss asks 

you to identify the faults and corroborate them with test cases. 
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a)   [5 points] Assume the bug, called BUG-A, is in one of the wires of the instruction memory.  There 

is a stuck-at-1 fault in the memory at signal 17.  (Note that the instruction word is accessed as 

[31:0].)  Therefore, whenever you read an instruction word from the I-memory, the bit 17 is always 

„1‟.  Given the following assembly code, what will the output be?  Fill in the final values in the 

table given below. 

 

         lw      0        7        one 

         lw       0        5        one 

         lw       0        4        final 

next     add      1        7        1 

         beq      7        4        2 

         add      7        5        7 

         beq      0        0        next 

done     halt 

one      .fill    1 

final    .fill    16 

stAddr .fill    next 

    

 

 

 

Reg [0] 0 

Reg [1] 31 

Reg [2] 0 

Reg [3] 0 

Reg [4] 0 

Reg [5] 0 

Reg [6] 16 

Reg [7] 16 
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b)   [5 points]  Assume BUG-A does not exist anymore.  However, we now have BUG-B, which is a 

stuck-at-1 at the MUX select signal.  Assume all registers and all memory locations have been 

initialized to 0. 
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Choose the single line of assembly instruction that can definitely expose the bug BUG-B. (Reference 

diagram for BUG-B; assume BUG-A does not exist). 

 

(i) add 1 3 6 

(ii) nand 5 4 3 

(iii) beq 3 4 2 

(iv) lw 1 2 25 

(v) sw 1 2 25 

 

For the instruction of your choice, fill in the boxes below with (a) the expected output if all was well, 

and (b) the buggy output you obtained.  Only show the register values that differ.  Do not be concerned 

about registers that are not affected or not used. 

 

 

Expected: 

Reg [0] 0 

Reg [1] 0 

Reg [2] Mem[25] 

Reg [3] 0 

Reg [4] 0 

Reg [5] 0 

Reg [6] 0 

Reg [7] 0 

 

 

Buggy: 

 

Reg [0] 0 

Reg [1] 0 

Reg [2] 25 

Reg [3] 0 

Reg [4] 0 

Reg [5] 0 

Reg [6] 0 

Reg [7] 0 
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5.  ISA Design [15 points] 

 
You are the Chief Architect at NITSUA, a company specializing in low-overhead, highly-efficient 

processor design.  The ISA for IBC-2K9, the company‟s flagship processor, is documented in the tables 

below.  Data and memory addresses are all 8 bits long on this processor.  The design is a CISC, byte-

addressable instruction set.  There is one single register, the Singleton register (called SING), to assist 

with all computation.  There are 2 instruction formats, each of different length, explained below.  In 

addition, all memory in this architecture is destructive memory, meaning that reading a certain 

location in memory destroys the contents of that location after the instruction is executed.  That 

memory location will still be usable, but its old data will have been removed, and attempting to read 

from that location without storing new data first will result in garbage data. 

 

 
R-type instructions ï 3-bit instructions:     

 2      0 

Mnemonic Opcode Action 

Halt 000 Halt the machine. 

 

 

 

 

I -type instructions ï 11-bit instructions:     
 10                          3    2               0 

 

Mnemonic Opcode Action 

Loadb 110 SING = MEM[address] 

MEM[address] = *junk* 

 

Take the byte value stored at the memory location specified by the 

address field and put it in SING.  Destroys the contents of that memory 

location. 

Storeb 001 MEM[address] = SING 

 

Place the byte value contained in SING into the memory location 

specified by the address field. 

Add 011 SING = SING + MEM[address] 

MEM[address] = *junk* 

 

Increments SING by the byte value stored at the specified memory 

location.  Destroys the contents of that memory location. 

Tas 101 IF (SING < MEM[address]) { 

SING = SING * SING 

                                    } 

                                   MEM[address] = *junk* 

 

tas stands for Test-And-Square.  Compares the value of SING with the 

value stored at the memory location specified by the address field.  If the 

value in SING is less than the value in memory, squares the value in 

SING.  Regardless of the comparison’s outcome, destroys the contents of 

that memory location. 

opcode 

address opcode 
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a) [1 point] Is this a load-store architecture? 

 

No 

 

 

 

b) [3 points] Translate the following instructions into machine code. 

 

Assembly Binary  Hexadecimal 

loadb 17 1100 0001 0001 0xC11 

Halt 101 0x5 

tas -3 1011 1111 1101 0xBFD 

  

 

c)   [11 points] Assuming that the variable x is mapped to memory location 32, perform the following 

C statement:  

 

x = x*x + 2*x;  

 

You may use any memory located at address 32 or above for your calculations.  You may not make 

any assumptions about what is stored in memory (besides the initial value of x in address 32).  You 

may assume that x is positive. 

 

 

loadb 32 

storeb 32 

storeb 33 

add 32 

storeb 34 

storeb 35 

loadb 33 

tas 34 

add 35 

storeb 32 

halt 
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6.  LC2K [15 points] 
 

You are given the following LC-2K code that performs some function: 

 
0  lw 0 3 neg1 

1  lw 0 2 n  

2  add 2 3 2 

3  lw 0 5 fooAd  

4  jalr 5 6   

5  halt 

6 foo lw 0 3 pos1  

7  sw 4 6 stack  

8  add 4 3 4  

9  sw 4 2 stack  

10  add 4 3 4  

11  beq 2 3 ret  

12  beq 2 0 ret  

13  lw 0 3 neg2  

14  add 2 3 2  

15  jalr 5 6   

16  lw 0 3 pos1 

17  add 2 3 2  

18  jalr 5 6   

19  beq 0 0 pop 

20  ret lw 0 3 pos1 

21  add 1 3 1  

22 pop lw 0 3 neg1 

23  add 4 3 4 

24  lw 4 2 stack 

25  add 4 3 4 

26  lw 4 6 stack 

27  jalr 6 3  

28 fooAd .fill foo 

29 pos1 .fill 1 

30 neg1 .fill -1 

31 neg2 .fill -2 

32 n .fill 4  

33 stack .fill 0 

 

(Register 1: Stores Answer) 

(Register 2: Input Argument) 

(Register 3: Temporary Values) 

(Register 4: Stack Pointer) 

(Register 5: Local Variable For Function) 

(Register 6: Return Addresses) 
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a)   [3 points]  In a few sentences, what are we storing onto the stack, and why do we have to store 

them on the stack in particular? 

 

We are storing the values of n and the return addresses on the stack.  We are doing this because 

this is a recursive function (or the function calls itself) and we need to know where to return to 

and what value of n to use once the function returns. 

 

 

 

 

 

 

 

b)   [4 points]  When this program runs, what is the final value in register 1?  Please show all work. 

(Answers with no work will not receive any credit!) 

 

The final value in Register 1 is 3 
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c)   [8 points] We are now rerunning the program, except that n = 10.  However, our program decided 

to stop working midway arbitrarily, after executing some instruction.  Fortunately, we were able to 

recover both the registers and the stack after the program crash. 

 

STACK: 

5 

9 

16 

7 

16 

5 

16 

3 

19 

2 

 

REGISTERS: 

  reg[ 0 ] 0 

  reg[ 1 ] 1 

  reg[ 2 ] 2 

  reg[ 3 ] 1 

  reg[ 4 ] 9 

  reg[ 5 ] 6 

  reg[ 6 ] 19 

  reg[ 7 ] 0

 

How many calls to foo, ret, and pop were made?  What was the last instruction that 

ran?  Please show all work to receive full credit. 

 

6 Calls to Foo were made (n=9, calls at 9 7 5 3 1 2) 

1 Call to Ret was made (reg1 = 1, plus stack only looks like it has one return) 

1 Call to Pop was made (via ret) 

 

The last instruction that ran was PC9: sw 4 2 stack, as you can see the stack pointer 

at its current state is not as the correct place (the stack pointer always points at the 

NEXT instruction)  

 

 

 

 

 

 

 

 

 

 

 

 

 

d) (BONUS) [1 point]: What exactly is foo doing? 

 

 

Foo is calculating the Fibonacci Number for a particular n 

 


