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Abstract The performance of CPU has been improved more than f@r year but the performance improvement of mem-
ory in latency is much lower than those of CPU. Therefore the penalty of memory access has been increased every year. |
works show optimization on scientific workloads is not effective on commercial workloads like OS kernel. We have develo
a memory profiling tool to collect performance information for the Linux Kernel and evaluated the effectiveness of the too
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struct perfctr_p4_pebs_record {
unsigned int eflags;
unsigned int linear_ip;
unsigned int eax;
unsigned int ebx;
unsigned int ecx;
unsigned int edx;
unsigned int esi;
unsigned int edi;
unsigned int ebp;
unsigned int esp;
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Usage: ./ebs (-u | -k) [-0 OUTFILE] [-i INTERVAL] [-c COUNT] -t TYPE EXE_OR_PID
options

-u - sample user-mode events
-k - sample kernel-mode events
-0 OUTFILE - store sampled data to file

-i INTERVAL - sampling interval(default: 10000)
-c COUNT - max sampling count(default: 2000)
-t TYPE - event type to sample

-m NAME,NAME...
help options
h

- event masks

- show event types

-h TYPE - show event masks

gooooobooooooooo

imprecise at-retirement event:
instr_retired - instruction retired
uop_retired

precise front-end event:
memory_loads
memory_stores

- uops retired

- memory loads
- memory stores
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CPU Pentium 4

Clock 2.0GHz

Memory 1GB

L1 cache (Data) 8KB (4 way set associative)
L1 line size 64 byte

Trace cache (Instruction) 12K OP
L2 cache (unified)
L2 line size

512KB (8 way set associative)
128 byte

memory_moves

precise execution event:
packed_sp_retired - packed single-precision uop retired
packed_dp_retired - packed double-precision uop retired
scaler_sp_retired - scaler single-precision uop retired
scaler_dp_retired - scaler double-precision uop retired
64bit_mmx_retired - 64bit SIMD integer uop retired

- memory loads and stores

128bit_mmx_retired - 128bit SIMD integer uop retired

x87_fp_retired - floating point instruction retired

x87_simd_memory_moves_retired - x87/SIMD store/moves/load uop retired
precise replay event:

11_cache_miss

12_cache_miss

dtlb_load_miss

- 1st level cache load miss

- 2nd level cache load miss

- DTLB load miss

dtlb_stor_miss - DTLB store miss

dtlb_all_miss - DTLB load and store miss

mob_load_replay_retired - MOB(memory order buffer) causes load replay
split_load_retired - replayed events at the load port.

oooad
Jebs -0 pebs -u -i 100 -t dtlb_load_miss ps
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$ lusr/shin/readprofile -r; \

lusr/src/hardmeter-030603/src/ebs -k -t 11_cache_miss -0 I1miss.1 -c 50000 & \
make -j -s bzlmage; \

kill -s 2 ‘ps|grep ebs|grep -v greplawk ‘{print $1}"; \

lusr/sbin/readprofile -m /boot/System.map > readprofile.1

make -j -s bzimage; O000o0oo makeD OOOOO
O00O0Dooooooooooon fork)OO makeD OO0 O
gobooboooooobobobobobooooboobooo
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Ooooooooo (k)yooooooooo o (-
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0000 O0oDooOo ImisslOO000O0OCODODODOOO (-
)Oooooooooog
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#eflags liner_ip eax ebx ecx edx esi edi
00000246 c01124c4 00000002 f73a7800 ch0c0000 €93ef980 €93ef980 00000000
00000202 40103c07 00002f2f 4014bccé4 bfffdc84 bffffba2 bffffba2 00002f00
00000206 c0127f11 00000000 00000400 00000010 ece91f8c fe0053cO bfffd354
00000216 c0148fd7 c1f7d028 f73a2900 00000011 01847743 00000000 f6d7df8c
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00000206 c0127f11 00000000 00001000 00000400 f6d7df8c fe02d000 40017000
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00000246 c0148fcO c1fe9810 f6d7df28 00000011 c1f00000 00000000 f6d7df8c
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$ grep -v '# Ilmiss.1 |\

awk ‘{print $2}'|\

Jusr/src/hardmeter-030603/doc/eip2r -s \

/boot/System.map-2.4.20-hm030603\
|sortjuniq -c|sort -nrlhead
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905 ¢012e9c6 __constantimemcpy
783 ¢0141d90 pageemovermap
486 c013a34c scaactivelist

324 ¢01090a5 refrom_syscall
288 c01418fe pageeferenced
261 ¢0138eb3 Incacheadd

249 c012ec93 vnaccount
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00000000000 hardmeted D00 000 Oeip2r0 0
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Usage: ../doc/eip2r [ -p POSITION ] [ -m PROCESS_MAP ] [ -s SYSTEM_MAP] \
[ -0 OUTPUT_FILE ] EIP_FILE

POSITION : position of eip in EIP_FILE.

PROCESS_MAP : output of /proc/<PID>/maps

SYSTEM_MAP : System.map of kernel (default: /boot/System.map)

EIP_FILE : list of EIP
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p = list_entry(tmp, struct task_struct, run_list);
c011a840: 8d 4a c4 lea Oxffffffc4(%edx),%ecx
c011a843: 8b 51 28 mov 0x28(%ecx),%edx
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list_for_each(tmp, &runqueue_head) {
p = list_entry(tmp, struct task_struct, run_list);
/ + 0000000000000O0000 %
if (can_schedule(p, this_cpu)) {
int weight = goodness(p, this_cpu, prev->active_mm);
if (weight > c)
c = weight, next = p;

}
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p = list_entry(tmp, struct task_struct, run_list);
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