
CS 33 – Spring 2012 – Midterm  

1. 
a) N 
b) Y 
c) Y 
d) Y 
 
2. 1200 bytes 
 
3.  
a) 171 
b) -85 
c) (-1)*2^-2*1.375 = -0.34375 
 
4.  
a) Y 
b) 0x100270 
c) grape 
 
5.  
a.) 0x400575 
c.) 0x40057F 
d.) 0x4005CF 
e.) 0x4005C0 
d.) answers may vary (see code) 
 
 

C code for problem 5 
 
#include <stdio.h> 

#include <stdlib.h> 

#define SIZE 6 

#define MAX_FIRST 10 

int dud1(void) 

{ 

  int i; 

  int x; 

  int a[SIZE]; 

  int b[SIZE+SIZE]; 

  for (i=0; i<SIZE; i++) 

    { 

      scanf("%d", &a[i]); 

      b[i]=0; 

      b[i+SIZE]=0; 

    } 

  if (a[0]>MAX_FIRST) 

    return 0; 

  x=a[0]; 

  for (i=1;i<SIZE; i++) 

    switch (a[i]) { 

    case 2:  

      x=x-5; 

    case 4:  

      if (b[a[i]]==1) 

 return 0; 

      b[a[i]]=1; 

      x=x*4; 

      break; 

    case 3:  

      x*=2; 

      if (b[a[i]]==1) 

 return 0; 

      b[a[i]]=1; 

      break; 

    case 6:  

      x+=7; 

      if (b[a[i]]==1) 

 return 0; 

      b[a[i]]=1; 

      break; 

    case 7:  

      x+=3; 

      if (b[a[i]]==1) 

 return 0; 

      b[a[i]]=1; 

      break; 

    case 8:  

      x-=17; 

      if (b[a[i]]==1) 

 return 0; 

      b[a[i]]=1; 

    default: 

      x=x-1; 

    } 

  return (x==42); 

} 
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1. C If You Can Solve This (12 points): The following problem assumes the following declarations: 

 

int x = rand(); 

int y = rand(); 

int z = rand(); 

float f= foo();  // f is not NaN 

unsigned ux = (unsigned) x; 

unsigned uy = (unsigned) y; 

 

For the following C expressions, circle either Y or N (but not both).  

 

          Always True? 

 

a. (0+f)-f == 0         Y  N 

 

 

b. (ux-uy) == (x-y)       Y  N 

 

 

c. ((((x<<1)^x)-x)>>1) == x  ⇒⇒⇒⇒  !((x&12) == 12)  Y  N 

 

 

d. (x^y)^z == y  ⇒⇒⇒⇒ x==z      Y  N 

 

 

 

 

 

Note that “⇒⇒⇒⇒” represents an implication.  A ⇒⇒⇒⇒ B means that you assume A is true, and your answer 

should indicate whether B should be implied by A – i.e. given that A is true, is B always true?    

 

 

2. What Size Is It? (4 points): Consider the following structure definition: 

 
struct product { 

 unsigned short ID; 

 union NameOrSerial { 

char name[8]; 

unsigned int serial; 

} label; 

} my_data[100]; 

 

How many bytes would my_data consume in memory on an x86-64 Linux machine? 
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3. Four Perspectives on a Bit Vector (9 points): Consider the following 8 bits: 

 

10101011 

 

We will interpret these bits in three different ways (assume the above is in big endian form): 

 

a. An 8-bit unsigned integer 

 

 

 

 

b. An 8-bit two’s complement integer 

 

 

 

 

c. The 8-bit floating point format we covered in class 
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4. This Problem is a Pain in My Big Endian (35 points): Consider the following structure declaration:  
 

struct my_struct{ 

  int val; 

  char a; 

  char b; 

  short small_num; 

  char * label; 

  struct my_struct * left_child; 

  struct my_struct * right_child; 

}; 

 

We compile code using this struct on a 32-bit little endian machine, and insert a number of nodes into the 

structure.  The following gdb interaction provides enough details to reverse engineer a tree built from these 

structs.   
 
(gdb) print the_top 

$3 = (struct my_struct *) 0x100130 

 

(gdb) x/96x 0x100130 

0x100130: 0x0000000a 0x00d91107 0x00001f8e 0x001001f0 

0x100140: 0x00100210 0x00000000 0x00000000 0x00000000 

0x100150: 0x00000005 0x00c8020a 0x00001f71 0x00100190 

0x100160: 0x00100170 0x00000000 0x00000000 0x00000000 

0x100170: 0x00000012 0x00431e18 0x00001f76 0x001001b0 

0x100180: 0x00000000 0x00000000 0x00000000 0x00000000 

0x100190: 0x00000003 0x0055180d 0x00001f7a 0x00000000 

0x1001a0: 0x00000000 0x00000000 0x00000000 0x00000000 

0x1001b0: 0x0000000d 0x00b3020c 0x00001f80 0x001001d0 

0x1001c0: 0x00000000 0x00000000 0x00000000 0x00000000 

0x1001d0: 0x00000008 0x00111707 0x00001f87 0x00000000 

0x1001e0: 0x00000000 0x00000000 0x00000000 0x00000000 

0x1001f0: 0x00000005 0x002f1418 0x00001f95 0x00100230 

0x100200: 0x00100250 0x00000000 0x00000000 0x00000000 

0x100210: 0x0000000f 0x00050d11 0x00001f9a 0x00100270 

0x100220: 0x00100290 0x00000000 0x00000000 0x00000000 

0x100230: 0x00000003 0x006b1518 0x00001f9f 0x00000000 

0x100240: 0x00000000 0x00000000 0x00000000 0x00000000 

0x100250: 0x00000008 0x00070816 0x00001fa5 0x00000000 

0x100260: 0x00000000 0x00000000 0x00000000 0x00000000 

0x100270: 0x0000000d 0x00481219 0x00001fab 0x00000000 

0x100280: 0x00000000 0x00000000 0x00000000 0x00000000 

0x100290: 0x00000012 0x00410213 0x00001fb1 0x00000000 

0x1002a0: 0x00000000 0x00000000 0x00000000 0x00000000 

 
 

 

 

 

 

 

 

(continued on next page) 
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(gdb) x/32x 0x00001f60 

0x1f60: 0x00000000 0x00201868 0x1425ff00 0x90000020 

0x1f70: 0x756c6200 0x65720065 0x72670064 0x006e6565 

0x1f80: 0x6c6c6579 0x7000776f 0x6c707275 0x726f0065 

0x1f90: 0x65676e61 0x756c7000 0x6570006d 0x6d007261 

0x1fa0: 0x6e6f6c65 0x72656200 0x67007972 0x65706172 

0x1fb0: 0x70706100 0x0100656c 0x1c000000 0x00000000 

0x1fc0: 0x1c000000 0x00000000 0x1c000000 0x02000000 

0x1fd0: 0x90000000 0x3400000b 0x34000000 0x31000000 

 

Using this information, find the struct in the tree where val is equal to 13, and report the corresponding label 

(i.e. the actual string).  Also, please fill in the blanks we have on the answer key with the requested intermediate 

values that would help you answer this question. 

 

Hint – don’t forget that gdb reverses byte ordering within each 4-byte chunk.  So in the following dump: 

 
(gdb) x/4x 0x00111110 

0x111110: 0x33221100 0x77665544 0xBBAA9988 0xFFEEDDCC 

 

This prints out 16 bytes of memory starting at address 0x111110.   In this example, the 16 bytes of memory 

starting at 0x111110 would contain, in order from lowest address (0x111110) to highest address (0x11111F):  

00112233445566778899AABBCCDDEEFF 

So address 0x111110 contains the byte 0x00, address 0x111111 contains the byte 0x11, address 0x111112 

contains the byte 0x22, and so on.  So in terms of just the least significant hex place of the address, gdb is 

actually printing out addresses in the following order: 

3 2 1 0   7 6 5 4   B A 9 8   F E D C 

This is useful when reading words, but can be confusing for other values. 
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5. Revenge of the Bomb Lab (40 points):  Here’s your chance to show your bomb lab skills.  Below we 

show the disassembled function dud1() – compiled on an x86-64 machine.  The function does not take 

any parameters – but does read some number of integers, one at a time, using scanf (this is the callq  

instruction below).  Your job is to provide the input that will result in this function returning the value 1 

(i.e. 0x1 will be in %rax).   

 

To help you with this task – we provide part of the C code for the function below (note that 

MAX_FIRST and SIZE are macros that would be replaced with constants at compile time): 

 
int dud1(void) 

{ 

  int i; 

  int x; 

  int a[SIZE]; 

  int b[SIZE+SIZE]; 

 

  for (i=0; i<SIZE; i++) 

    { 

      scanf("%d", &a[i]); 

      b[i]=0; 

      b[i+SIZE]=0; 

    } 

 

  if (a[0]>MAX_FIRST) 

    return 0; 

  x=a[0]; 

 

  for (…) 

    switch (…) { 

    … /* some number of cases go here */ 

    } 

 

  return …; 

} 

 

where the …’s above represent missing code you need to figure out. 

 

In addition to the input string that would result in this function returning a 1, please fill in the blanks we 

have on the answer key with the requested intermediate values that would help you answer this question. 

 

The next two pages contain everything you need for this problem. 
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Here’s the function from objdump: 
0000000000400540 <dud1>: 

  400540:       41 54                   push   %r12 

  400542:       55                      push   %rbp 

  400543:       53                      push   %rbx 

  400544:       31 db                   xor    %ebx,%ebx 

  400546:       48 83 ec 50             sub    $0x50,%rsp 

  40054a:       4c 8d 64 24 30          lea    0x30(%rsp),%r12 

  40054f:       48 89 e5                mov    %rsp,%rbp 

  400552:       49 8d 34 1c             lea    (%r12,%rbx,1),%rsi 

  400556:       31 c0                   xor    %eax,%eax 

  400558:       bf 48 0b 40 00          mov    $0x400b48,%edi 

  40055d:       e8 c6 fe ff ff          callq  400428 <scanf@plt> 

  400562:       c7 04 2b 00 00 00 00    movl   $0x0,(%rbx,%rbp,1) 

  400569:       c7 44 2b 18 00 00 00    movl   $0x0,0x18(%rbx,%rbp,1) 

  400570:       00 

  400571:       48 83 c3 04             add    $0x4,%rbx 

  400575:       48 83 fb 18             cmp    $0x18,%rbx 

  400579:       75 d7                   jne    400552 <dud1+0x12> 

  40057b:       8b 4c 24 30             mov    0x30(%rsp),%ecx 

  40057f:       83 f9 0a                cmp    $0xa,%ecx 

  400582:       0f 8f a9 00 00 00       jg     400631 <dud1+0xf1> 

  400588:       31 f6                   xor    %esi,%esi 

  40058a:       66 0f 1f 44 00 00       nopw   0x0(%rax,%rax,1) 

  400590:       41 8b 54 b4 04          mov    0x4(%r12,%rsi,4),%edx 

  400595:       83 fa 08                cmp    $0x8,%edx 

  400598:       77 26                   ja     4005c0 <dud1+0x80> 

  40059a:       89 d0                   mov    %edx,%eax 

  40059c:       ff 24 c5 50 0b 40 00    jmpq   *0x400b50(,%rax,8) 

  4005a3:       83 7c 24 20 01          cmpl   $0x1,0x20(%rsp) 

  4005a8:       0f 84 83 00 00 00       je     400631 <dud1+0xf1> 

  4005ae:       83 e9 11                sub    $0x11,%ecx 

  4005b1:       c7 44 24 20 01 00 00    movl   $0x1,0x20(%rsp) 

  4005b8:       00 

  4005b9:       0f 1f 80 00 00 00 00    nopl   0x0(%rax) 

  4005c0:       83 e9 01                sub    $0x1,%ecx 

  4005c3:       48 83 c6 01             add    $0x1,%rsi 

  4005c7:       48 83 fe 05             cmp    $0x5,%rsi 

  4005cb:       75 c3                   jne    400590 <dud1+0x50> 

  4005cd:       31 c0                   xor    %eax,%eax 

  4005cf:       83 f9 2a                cmp    $0x2a,%ecx 

  4005d2:       0f 94 c0                sete   %al 

  4005d5:       48 83 c4 50             add    $0x50,%rsp 

  4005d9:       5b                      pop    %rbx 

  4005da:       5d                      pop    %rbp 

  4005db:       41 5c                   pop    %r12 

  4005dd:       c3                      retq 

  4005de:       83 e9 05                sub    $0x5,%ecx 

  4005e1:       48 63 c2                movslq %edx,%rax 

  4005e4:       83 3c 84 01             cmpl   $0x1,(%rsp,%rax,4) 

  4005e8:       74 47                   je     400631 <dud1+0xf1> 

  4005ea:       c1 e1 02                shl    $0x2,%ecx 

  4005ed:       c7 04 84 01 00 00 00    movl   $0x1,(%rsp,%rax,4) 

  4005f4:       eb cd                   jmp    4005c3 <dud1+0x83> 

  4005f6:       83 7c 24 0c 01          cmpl   $0x1,0xc(%rsp) 
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  4005fb:       74 34                   je     400631 <dud1+0xf1> 

  4005fd:       01 c9                   add    %ecx,%ecx 

  4005ff:       c7 44 24 0c 01 00 00    movl   $0x1,0xc(%rsp) 

  400606:       00 

  400607:       eb ba                   jmp    4005c3 <dud1+0x83> 

  400609:       83 7c 24 18 01          cmpl   $0x1,0x18(%rsp) 

  40060e:       74 21                   je     400631 <dud1+0xf1> 

  400610:       83 c1 07                add    $0x7,%ecx 

  400613:       c7 44 24 18 01 00 00    movl   $0x1,0x18(%rsp) 

  40061a:       00 

  40061b:       eb a6                   jmp    4005c3 <dud1+0x83> 

  40061d:       83 7c 24 1c 01          cmpl   $0x1,0x1c(%rsp) 

  400622:       74 0d                   je     400631 <dud1+0xf1> 

  400624:       83 c1 03                add    $0x3,%ecx 

  400627:       c7 44 24 1c 01 00 00    movl   $0x1,0x1c(%rsp) 

  40062e:       00 

  40062f:       eb 92                   jmp    4005c3 <dud1+0x83> 

  400631:       48 83 c4 50             add    $0x50,%rsp 

  400635:       31 c0                   xor    %eax,%eax 

  400637:       5b                      pop    %rbx 

  400638:       5d                      pop    %rbp 

  400639:       41 5c                   pop    %r12 

  40063b:       c3                      retq 

  40063c:       0f 1f 40 00             nopl   0x0(%rax) 

 

And here is some gdb interaction which should prove useful: 
(gdb) x/112x 0x400b40 

0x400b40 <>:        0x00000000      0x00000000      0x25006425      0x00000a64 

0x400b50 <+16>:     0x004005c0      0x00000000      0x004005c0      0x00000000 

0x400b60 <+32>:     0x004005de      0x00000000      0x004005f6      0x00000000 

0x400b70 <+48>:     0x004005e1      0x00000000      0x004005c0      0x00000000 

0x400b80 <+64>:     0x00400609      0x00000000      0x0040061d      0x00000000 

0x400b90 <+80>:     0x004005a3      0x00000000      0x004006c0      0x00000000 

0x400ba0 <+96>:     0x004006c0      0x00000000      0x004006f6      0x00000000 

0x400bb0 <+112>:    0x004006a3      0x00000000      0x0040070a      0x00000000 

0x400bc0 <+128>:    0x004006c0      0x00000000      0x004006de      0x00000000 

0x400bd0 <+144>:    0x004006e1      0x00000000      0x0040071e      0x00000000 

0x400be0 <+160>:    0x004007c0      0x00000000      0x004007c0      0x00000000 

0x400bf0 <+176>:    0x004007f6      0x00000000      0x004007de      0x00000000 

0x400c00 <+192>:    0x004007a3      0x00000000      0x004007c0      0x00000000 

0x400c10 <+208>:    0x004007e1      0x00000000      0x0040080a      0x00000000 

0x400c20 <+224>:    0x0040081d      0x00000000      0x004008c0      0x00000000 

0x400c30 <+240>:    0x004008c0      0x00000000      0x004008a3      0x00000000 

0x400c40 <+256>:    0x004008e1      0x00000000      0x004008de      0x00000000 

0x400c50 <+272>:    0x004008c0      0x00000000      0x004008f6      0x00000000 

0x400c60 <+288>:    0x00400909      0x00000000      0x0040091d      0x00000000 

0x400c70 <+304>:    0x004009b1      0x00000000      0x004009b1      0x00000000 

0x400c80 <+320>:    0x004009cf      0x00000000      0x004009d9      0x00000000 

0x400c90 <+336>:    0x004009d2      0x00000000      0x004009b1      0x00000000 

0x400ca0 <+352>:    0x004009e5      0x00000000      0x004009de      0x00000000 

0x400cb0 <+368>:    0x004009af      0x00000000      0x004009ff      0x00000000 

0x400cc0 <+384>:    0x004009ff      0x00000000      0x00400a1d      0x00000000 

0x400cd0 <+400>:    0x00400a40      0x00000000      0x00400a36      0x00000000 

0x400ce0 <+416>:    0x004009ff      0x00000000      0x00400a30      0x00000000 

0x400cf0 <+432>:    0x00400a29      0x00000000      0x00400a24      0x00000000 

Hint – don’t forget gdb’s trick about reversing byte ordering within each 4-byte chunk (same as problem #4). 
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Answer Sheet 

 

Name:_______________________________ 

 

 

1. Y  N 

 

Y  N 

 

Y  N 

 

Y  N 

 

2.    

 

 

3. a. 

 

 b. 

 

 c. 

 

  

     

 

4. Fill in all blanks below 

 

Is the struct with the requested value a leaf  

node in the tree (i.e. no children)?  (Y/N)  

 

__________ 

 

Base address (in hex) of struct with  

the requested value: 

______________ 

 

String (i.e. label field of the struct with  

the requested value): 

____________________ 

 

 

 

 

 

 

 

 

 

5. Fill in all blanks below 

 

Address (in hex) of the assembly instruction 

that compares i<SIZE in the loop that calls 

scanf:   

_____________________ 

 

 

Address (in hex) of the assembly instruction 

that compares a[0]>MAX_FIRST:  

 

_________________ 

 

 

Address (in hex) of the assembly instruction 

that does the comparison to produce the value 

returned by the return statement at the end of  

the C code (i.e. return(…)):   

 

____________________ 

 

 

Starting address for the instructions that make  

up the default case of the switch statement  

(absolute address in hex): 

 

____________________ 

 

 Input numbers to return a 1: 

 

 _____________________________________ 

 

 

 

 

 

 

 

 

 

� 


