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Scenario-Based Prefetching

TOSHIAKI YASUE," HIDEAKI KOMATSUt and TOSHIO NAKATANT!

The increase of the startup time of the recent large applications causes the degradation of
the system utilization and the turn around time of the development. One reason is that much
I/O wait occurs during the startup, because those applications need to read much data from
many files to setup the applications. In this paper, we propose a new prefetching technique
called Scenario-Based Prefetching, which performs prefetching by using the information gen-
erated from static I/O profiles. Although many conventional techniques have been proposed
to reduce the I/O wait time by using the prefetching, most techniques did not reduce the time
enough for the start up. Our approach utilizes the characteristics that the sequence of the I/O
operations is almost same for every startup. In our technique, first we collect I/O traces for
the application in a training execution and generate a scenario, a sequence of the prefetching,
by analyzing the traces and scheduling the prefetches for the application, and then we perform
prefetching on a private thread by using the scenario. With this technique, we can perform
prefetching for the target application without any modifications. The experimental results
shows that our technique can be reduce the start up of the application by about 30% in some
applications.
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WAS 5.1.1 startup on RedHat9 Linux
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Fig.1 WAS 5.1.1 startup time on RedHat9 Linux.
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3. Scenario Based Prefetching
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1. ssize_t read(int fd, void *buff, size.t n) {
2 ssize_t result;

3 long long t_start, t_end;

4.  int tid;

5.  totalReadSize += n;

6. tstart = SBP_GetPerformanceCounter();
7 result = _libc_read (fd, buff, n);

8.  t-end = SBP_GetPerformanceCounter();
9.  SBP_dumpProfile (fd, buff, n, result,

10. t_start, (t-end - t_start));
11.  return result;
12. }

02 reed000000000D00ODOO0ODOODOODOOO

Fig.2 Hook mechanism for collecting read profiles.
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application

main ()
{
int i, fd, pos, len;
char buffer[100];
fd = open (“fileA”, “r”);
pos = 0;
for (i=0; i<5; i++) {
lseek (fd, pos, SEEK_SET);
read (fd, buffer, 10);
len = get_length (buffer);
read (fd, buffer, len);
pos = get_next pos (buffer);

read 30
read 10

read 60
read 10

close (fd) ;

} read 315

read 10

read 500

(a) An example

gooooooooooooooooobooboOobooooooo

wall clock time

(b) execution sequence

59

other info
fd

start time,
10, “filea”,
68, fd, 0, SEEK SET
70, , 10, 40
150, , 100, 1
188, 15642,
190, 10, 100
310, , 30, 1
328, , 5120,
330, , 10, 40
390, , 60, 1

type,
open,
lseek,
read,
read,
lseek,
read,
read,
lseek,
read,
read,

SEEK_SET

SEEK_SET

lseek,
read,
read,
lseek,
read, 600,
read, 670,
close, 1000,

408,
410,
550,
598,

, 21000,
10, 90
, 315, 1
, 29534,
, 10, 40
, 500, 1
// fd

SEEK_SET

SEEK_SET

(c) 10 trace

of 10 operations

03 I/o000oooooo
Fig.3 An example of I/O profiles.

for (P=0000000000000000000000D0O0O)A{
Tce=POO0O0O0read 000000000000 O0OO - Telr
Ter=PO0000 reaed 0000000000O000CO0O;

1. Tr_total = 0;
2. T_total = 0;
3. Tclr = 0;
4.
5.
6.
7. Trtotal +=PO0000 read 00000 DOO;
8. if (T_total + Tc O Tr_total) {
9. T_total += Tc;
10.  }else {
11. T_total = Tr_total;
2.}
13. POOOODO read 0000000 = T_total,
14. }

04 1/00000000000000000 ReadJ000DDD0ODODO0O0O0O0O0OOOO
Fig.4 Algorithm to calculate the estimated start time for each read.
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} else {

©

1.}

13. }

. PO=(0000000000000D0DO00O0O0O00O0OD)

(PODDDODOOOO0)=(PO0OO0D0DD reaed J0000DD)
-(POO0O0OO0O0Oread 000DOODO)

. T_deadline = (POODOOO0DD)

Lfor (P=POO000O0O0OO0O0O0O0O0O0O0O0ODO0OODOODOOOOOOOO){

if (Tdeadline 0 (PODOOOO reaed000000D0)) {
(POOOOOODO) =Tdeadline- (PO0ODDOO reaed 000000D0)

(POOO0DOOOD)=(PO0D000 reed0000000)
10. -(PODOODOread0000000)

12. T.deadline=(POO0ODOODO)

05 OO00ODOOODOOOOODOOOOODOOOOOODOOO
Fig.5 Algorithm to calculate the estimated deadline time for each prefetch.

1. P1=(000000000000O0O0O0ODO)

2. (P10ODODOOO) =0

3. P2= (000000000000 PIOOOOO)

4. while (P20 NULLODOOODOO) {

5. F1=(P20000000)-(P1O00ODODO);

6. F2=(PO0O000read0000000)-(PLODOOD);
7. free_time = min (F1, F2)

8. if (freetime 0 (POOOOODDODN)) {

9. for (5;) {

10. lower = (PO0O0O0O0O0O0O0O0OOO0OOOODOOOOO)
11. upper = (POD0O0OO0O0OO0ODODOOOO0OOODDODO)
12. if (isLowerSelected (P, lower, upper)) {

13. concatinateLowerPrefetch (P);

14. } else if (isUpperSelected (P, lower, upper)) {

15. concatinateUpperPrefetch (P);

16. } else {

17. break; // end of for

18. }

19. }

20.

21, (P200000)=(P1O0DDO)+ (P1O0O0DOOODD)
22. Pl =P2

23. P2=(000000000000PIOODOOO)

24. }
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goooooooooooo

Fig.6 Algorithm to merge prefetches.
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1. Tr_total = Tp_current = Tc_offset = T'c_base = profidx
2. = n_states = total_cache_size = 0
3. for (P=000000000000000000000O00O0OO00O0O0){
4.  current_cache_size = 0;
5. start_pref = P;
6. while (PO NULLOOOOODOO){
7. Tp_current += (POO0O0O00O0O0O)
8. total_cachesize += (P O0000000000OOODOODOOOOO)
9. total_cachesize -= (POO00000000000DO0ODOOOOOOO
10. 00oo0oOoooOoooooooooon)
11. T_target = (00 0000000000000DOOOO)-(0000DODODO)
12. ToextRead = (PO0OD0O0OD00O0O0O0OO0OO0OO0OOO0OOO
13. read 0O00DO0)
14. if (total_cachesize 0 (000000000000 O00) &&
15. T_target O Tp-current && T_target O T_nextRead) {
16. break;
17. }
18. P=(00000000000O0O0OO0 POOOODO)
19.
20. targetRead = (T_target 000 0DO0O0000 Read OO)
21.  makeNode(start_pref, P, targetRead)
22. }

07 DO0O0OOO0OOOOOOOODOOOOOOOOODO
Fig.7 Algorithm to detect synchronization points.
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Fig. 8 Execution model of Scenario-based prefetching.
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Fig.9 Evaluation results.
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