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Getting Help 
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Policies: Assignments
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Cheating
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Policies: Grading
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Policies: Classroom Behavior
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Class Web Page - Elms
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Class Topics
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Programs and Data
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Safe Programming and Reverse 
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The Memory Hierarchy
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Linking and Exceptional  
Control Flow
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 Virtual memory
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 Virtualizaiton
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 I/O, Networking, and  
Concurrency
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Lab Rationale 
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Course Theme



– 23 –

Great Reality #1
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Computer Arithmetic



– 25 –

Great Reality #2
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Assembly Code Example

double t; 
start_counter(); 
P(); 
t = get_counter(); 
printf("P required %f clock cycles\n", t); 
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Code to Read Counter
  Write small amount of assembly code using GCCʼs asm 

facility
  Inserts assembly code into machine code generated by 

compiler
static unsigned cyc_hi = 0; 
static unsigned cyc_lo = 0; 

/* Set *hi and *lo to the high and low order bits 
   of the cycle counter.   
*/ 
void access_counter(unsigned *hi, unsigned *lo) 
{ 
    asm("rdtsc; movl %%edx,%0; movl %%eax,%1"    

 : "=r" (*hi), "=r" (*lo)  
 : 
 : "%edx", "%eax"); 

} 
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Code to Read Counter
/* Record the current value of the cycle counter. */ 
void start_counter() 
{ 
    access_counter(&cyc_hi, &cyc_lo); 
} 

/* Number of cycles since the last call to start_counter. */ 
double get_counter() 
{ 
    unsigned ncyc_hi, ncyc_lo; 
    unsigned hi, lo, borrow; 
    /* Get cycle counter */ 
    access_counter(&ncyc_hi, &ncyc_lo); 
    /* Do double precision subtraction */ 
    lo = ncyc_lo - cyc_lo; 
    borrow = lo > ncyc_lo; 
    hi = ncyc_hi - cyc_hi - borrow; 
    return (double) hi * (1 << 30) * 4 + lo; 
} 
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Great Reality #3
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Memory Referencing Bug Example

main () 
{ 
  long int a[2]; 
  double d = 3.14; 
  a[2] = 1073741824; 
  printf("d = %.15g\n", d); 
  exit(0); 
} 

A lph a M I PS Linux 

-g 5.30498947741318e-315 3.1399998664856 3.14 

-O 3.14 3.14 3.14 

(Linux version gives correct result, but 
implementing as separate function gives 
segmentation fault.) 
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Memory Referencing Errors
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Memory Performance Example

/* ijk */ 
for (i=0; i<n; i++)  { 
  for (j=0; j<n; j++) { 
    sum = 0.0; 
    for (k=0; k<n; k++)  
      sum += a[i][k] * b[k][j]; 
    c[i][j] = sum; 
  } 
}  

/* jik */ 
for (j=0; j<n; j++) { 
  for (i=0; i<n; i++) { 
    sum = 0.0; 
    for (k=0; k<n; k++) 
      sum += a[i][k] * b[k][j]; 
    c[i][j] = sum 
  } 
} 
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Great Reality #4
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Great Reality #5
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Course Perspective
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Course Perspective (Cont.)


