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Reminder"
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Computer Time Scales"
Time Scale (1 Ghz Machine) 

1.E-09 1.E-06 1.E-03 1.E+00 Time (seconds) 

1 ns 1  µ s 1 ms 1 s 

Integer Add 
FP Multiply 

FP Divide 
Keystroke 
Interrupt 
Handler 

Disk Access 
Screen Refresh 
Keystroke 

Microscopic Macroscopic 
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Measurement Challenge"
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“Time” on a Computer System"

real (wall clock) time"

= user time (time executing instructions in the user process)"

+" =  real (wall clock) time"

We will use the word “time” to refer to user time."

= system time (time executing instructions in kernel on behalf 
of user process)"

+"

= some other userʼs time (time executing instructions in 
different userʼs process)"

cumulative user time"
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Activity Periods: Light Load"

  Most of the time spent 
executing one process"

  Periodic interrupts every 
10ms"
  Interval timer"
  Keep system from 

executing one process to 
exclusion of others"

  Other interrupts"
  Due to I/O activity"

  Inactivity periods"
  System time spent 

processing interrupts"
  ~250,000 clock cycles "

Activity Periods, Load = 1"

0" 10" 20" 30" 40" 50" 60" 70" 80"

1"

Time (ms)"

Active"
Inactive"
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Activity Periods: Heavy Load"

  Sharing processor with one other active process"
  From perspective of this process, system appears to be 

“inactive” for ~50% of the time"
  Other process is executing"

Activity Periods, Load = 2"

0" 10" 20" 30" 40" 50" 60" 70" 80"

1"

Time (ms)"

Active"
Inactive"
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Interval Counting"
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Interval Counting Example"
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Unix time Command"

  0.82 seconds user time"
  82 timer intervals"

  0.30 seconds system time"
  30 timer intervals"

  1.32 seconds wall time"
  84.8% of total was used running these processes "

  (.82+0.3)/1.32 = .848"

time make osevent 
gcc -O2 -Wall -g  -march=i486 -c clock.c 
gcc -O2 -Wall -g  -march=i486 -c options.c 
gcc -O2 -Wall -g  -march=i486 -c load.c 
gcc -O2 -Wall -g  -march=i486 -o osevent osevent.c . . . 
0.820u 0.300s 0:01.32 84.8%     0+0k 0+0io 4049pf+0w 
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Accuracy of Interval Counting"

0" 10" 20" 30" 40" 50" 60" 70" 80"

A"

A"

Minimum"

Maximum"

0" 10" 20" 30" 40" 50" 60" 70" 80"

A"

A"

Minimum"

Maximum"

•  Computed time = 70ms"

•  Min Actual = 60 + ε"
•  Max Actual = 80 – ε"
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Accuracy of Int. Cntg. (cont.)"

0" 10" 20" 30" 40" 50" 60" 70" 80"

A"

A"

Minimum"

Maximum"

0" 10" 20" 30" 40" 50" 60" 70" 80"

A"

A"

Minimum"

Maximum"

•  Computed time = 70ms"

•  Min Actual = 60 + ε"
•  Max Actual = 80 – ε"
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Cycle Counters"

  Most modern systems have built in registers that are 
incremented every clock cycle"
  Very fine grained"
  Maintained as part of process state"

»  In Linux, counts elapsed global time"
  Special assembly code instruction to access"
  On (recent model) Intel machines:"

  64 bit counter."
  RDTSC instruction sets %edx to high order 32-bits, %eax to low 

order 32-bits"
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Cycle Counter Period"
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Measuring with Cycle Counter"

/* Keep track of most recent reading of cycle counter */ 
static unsigned cyc_hi = 0; 
static unsigned cyc_lo = 0; 

void start_counter() 
{ 
  /* Get current value of cycle counter */ 
  access_counter(&cyc_hi, &cyc_lo); 
} 
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Accessing the Cycle Cntr."
  GCC allows inline assembly code with mechanism for 

matching registers with program variables"
  Code only works on x86 machine compiling with GCC"

  Emit assembly with rdtsc and two movl instructions"

void access_counter(unsigned *hi, unsigned *lo) 
{ 
  /* Get cycle counter */ 
  asm("rdtsc; movl %%edx,%0; movl %%eax,%1" 
      : "=r" (*hi), "=r" (*lo) 
      : /* No input */ 
      : "%edx", "%eax"); 
} 
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Closer Look at Extended ASM"
asm(“Instruction String" 
      : Output List 
      : Input List 
      : Clobbers List); 
} 

void access_counter 
  (unsigned *hi, unsigned *lo) 
{ 
  /* Get cycle counter */ 
  asm("rdtsc; movl %%edx,%0; movl %%eax,%1" 
      : "=r" (*hi), "=r" (*lo) 
      : /* No input */ 
      : "%edx", "%eax"); 
} 
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Closer Look at Extended ASM"
asm(“Instruction String" 
      : Output List 
      : Input List 
      : Clobbers List); 
} 

void access_counter 
  (unsigned *hi, unsigned *lo) 
{ 
  /* Get cycle counter */ 
  asm("rdtsc; movl %%edx,%0; movl %%eax,%1" 
      : "=r" (*hi), "=r" (*lo) 
      : /* No input */ 
      : "%edx", "%eax"); 
} 
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Closer Look at Extended ASM"
asm(“Instruction String" 
      : Output List 
      : Input List 
      : Clobbers List); 
} 

void access_counter 
  (unsigned *hi, unsigned *lo) 
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  asm("rdtsc; movl %%edx,%0; movl %%eax,%1" 
      : "=r" (*hi), "=r" (*lo) 
      : /* No input */ 
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Closer Look at Extended ASM"
asm(“Instruction String" 
      : Output List 
      : Input List 
      : Clobbers List); 
} 

void access_counter 
  (unsigned *hi, unsigned *lo) 
{ 
  /* Get cycle counter */ 
  asm("rdtsc; movl %%edx,%0; movl %%eax,%1" 
      : "=r" (*hi), "=r" (*lo) 
      : /* No input */ 
      : "%edx", "%eax"); 
} 
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Accessing the Cycle Cntr. (cont.)"

 movl 8(%ebp),%esi  # hi 
 movl 12(%ebp),%edi  # lo 

#APP 
 rdtsc; movl %edx,%ecx; movl %eax,%ebx 

#NO_APP 
 movl %ecx,(%esi)  # Store high bits at *hi 
 movl %ebx,(%edi)  # Store low bits at *lo 
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Completing Measurement"

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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Timing With Cycle Counter"

  double tsecs; 
  start_counter(); 
  P(); 
  tsecs = get_counter() / (MHZ * 1e6); 

  double MHZ; 
  int sleep_time = 10; 
  start_counter(); 
  sleep(sleep_time); 
  MHZ = get_counter()/(sleep_time * 1e6); 
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Measurement Pitfalls"
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Dealing with Overhead & Cache 
Effects"

  Always execute function once to “warm up” cache"
  Keep doubling number of times execute P() until reach some 

threshold"
  Used CMIN = 50000"

  int cnt = 1; 
  double cmeas = 0; 
  double cycles; 
  do  { 
    int c = cnt; 
    P();  /* Warm up cache */ 
    get_counter(); 
    while (c-- > 0) 
      P(); 
    cmeas = get_counter(); 
    cycles = cmeas / cnt; 
    cnt += cnt; 
  } while (cmeas < CMIN);  /* Make sure have enough */ 
  return cycles / (1e6 * MHZ); 
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Multitasking Effects"

K"
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K-Best 
Validation"

K = 3, ε = 0.001"
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Compensate  
For Timer 
Overhead"

K = 3, ε = 0.001"
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K-Best 
on NT"

K = 3, ε = 0.001"
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Time of Day Clock"

#include <sys/time.h> 
#include <unistd.h> 

  struct timeval tstart, tfinish; 
  double tsecs; 
  gettimeofday(&tstart, NULL); 
  P(); 
  gettimeofday(&tfinish, NULL); 
  tsecs = (tfinish.tv_sec - tstart.tv_sec) +  
      1e6 * (tfinish.tv_usec - tstart.tv_usec); 
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K-Best Using gettimeofday 
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Measurement Summary"


