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An Analysis method for Bottlenecks of
Multi-processor Scalability and Case Study
on Database Management Systems

TAKASHI HORIKAWA !

Identifying performance bottleneck of a system is a crucial first step for effi-
cient bottleneck solution. Recent multi-core CPU based IT systems, however,
often have a bottleneck that is difficult to identify, such as those resulting from
contention about such logical resource as a lock used for mutual exclusion. In
order to address this situation, this paper proposes a well defined methodology
for identifying bottlenecks based on event tracing methodology. The proposed
method has been applied for an IT system using multi-core processors in exe-
cuting database-benchmark program and has succeed to identify its bottleneck
due to lock contentions. Furthermore, throughput performance of the system
has succeedingly improved by tuning database management program to relieve
the biggest bottleneck identified by the proposed method. These results clearly

proves that the proposed method is useful in addressing bottlenecks derives
from logical resources.
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Fig.2 Abstract events for passive resource.
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Fig.3 CPU utilization and throughput for 8-CPU case.
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Fig.4 CPU utilization and throughput for 16-CPU case.
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02 InnoDBOOOOOOOOS8CPUsSO
Table 2 Processing time details for InnoDB APIs (8CPU case).

EATHEH] CPU ffi JHIF[H] | Lock #$ HRER] | EATEIEL
write_row () 0. 255511 0.009701 0. 231957 26
update_row () 0. 005632 0.002453 0.003107 41
index_read () 206. 232933 7.940699 202. 589160 91399
general_fetch () 8.479263 1.113426 7.514778 453644
commit () 0. 380624 0.009823 0. 003876 465

03 InnoDBOOOOOODOO16CPUsO
Table 3 Processing time details for InnoDB APIs (16CPU case).

FATHER] CPU £ JHIF[H] | Lock FFHIEMH | EITEI¥L
write_row () 0.002483 0.002460 0.000043 18
update_row() 0.057032 0.004835 0.055933 12
index_read() 229. 240424 15. 257769 227. 653505 31699
general_fetch () 19. 125124 1. 523098 18. 722005 129006
commi t () 0. 333484 0.004496 0. 000008 164
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Fig.5 Lock waiting time detail (8CPU case).
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Fig.6 Lock waiting time detail (16CPU case).
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Table 4 Performance degradation due to the measurement overhead.

EATHRM: AN b PL—2 AN b PL—2
EU=3200 B L D D
CPU %% thread Z)—F v k CPU Z)—F CPU
concurrency [BT/s] fof FH =R (%] [BT/s] = [%]
8 8 472.9 517. 04 378.0 524. 24
8 oo 405. 9 568. 56 266. 2 473. 84
16 6 484.5 587. 20 379.0 584. 16
16 oo 90.9 887. 84 62.5 861. 76
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struct .w_lock _struct {

ulint reader_count; /*Number of readers who have locked this
lock in the shared mode */
[* This field is set to RW_LOCK_EX ifthere
is a writer owning the lock (in exclusive
mode), RW_LOCK_WAIT_EXif a writer is
queueing for the lock, and
RW_LOCK_NOT_LOCKED, othewise. */
os_thread_id_t wrter_thread;
/* Thread id of a possible writer thread */

ulint writer_count; /* Number of times the same thread has
recursively locked the lod in the exclusive
mode */

ulint wiiter;

/* Default value 0. This is set to some
value != 0 given by the caller of an x-lock
operation, if the xJock is to be passed to
another thread to unlock (which happens in
asynchronous i/o). */

[* This ulint is set to 1if there are
waiters (readers or writers) in the global
wait array, waiting for this rw_lock.
Otherwise, == 0.*/
ibool writer_is_wait_ex;

/* Thisis TRUE if the writer field is
RW_LOCK_WAIT_EX; this field is located far
from the memory update hotspot fields which
are at the start of this struct, thus we can
peek this field without causing much memory
bus traffic */

ulint pass;

ulint waiters;

07 mutex 0000000 rwlock O0O0O0OOO0OOO

Fig.7 The member variables in rw_lock_struct protected with the mutex.
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union rw_status {
atomic64_t a;
long i;
struct {
os_thread_id_t  writer_thread;
unsigned dummy: 1;
unsigned waiters: 1;
unsigned writer_is_wait_ex: 1;
unsigned writer: 2;
unsigned pass: 1;
unsigned writer_count 13;
unsigned reader_count: 13;
}b;
2
08 32bit00000 rwlock 0000000000 rw-statusD
Fig.8 The member variable shrunk into rw_status of 32 bits.

mutex_enter(&(lock->mutex)); while(1) {
lockdrw_status&h s % E; new = old = lock®rw_status&f#;
mutex_exit(&(lock->mutex)); newZ E#,

if( CAS( &lock, old, new ) AR ) break;
}

(@) tDHa—k (b) CASIZ&Ylock-freeLfza—FK

0 9 lock-free 0 rw.status 000000
Fig.9 Atomic modification of rw_status.

0o0ooooooooooooa

write lock 000000000000 idOO0O writerthread 00000000000
0064bit 000000000000 pthreadself() 0000 32bit 000000 gettid()
000o0oogooooooooooooooooooooooooooggoo
O0O0Oread lockOOODOOOOODOOOOOOO reader-count 000000000 write
lockOOOOOOOOOOODOO writer.count J0bit 00000000000 OOODOO
0213 -1=8191000000000000000000000bit00000000O0
0000oooooooooooooooooon

readercount 0000 0Linux 0000000000 0LInuxd0O0O0O00OO0OO
00000000 2% 000000000000000000000000000000
00000000000 ooooooUooooooooooo

e J0OIDBT-1000000000O00OO®YD00O0OMySQLOIDOOODOODODOO

o0ooo0 1000MySQLOD 1200000000 0000000DOOCOOOOOO

00o0ooooooog Vol 51 No. 7 1382-1393 (July 2010)

oooboOoo woooooono
o IIIOIOUOOOODDDODODODODOUIODOODODOOOODODDDODOOOO
e LinuxJ MySQLOUODOODOOODOUODOOODOUODOOOODOUODOOODODOO
goobooobobooobboobobbooooboooobboooobobo

writer.count 00 0000000000000 0O0OOOMySQL O source code d OS O
Jo0b00o0o00booboboboboobooooOdwritercount DO OOOOOOODOO
0o0o0oOoDBT-100000000 70000ODLO0OO00OODOOODBT-1ODOOODOODO
bit 00 O0OD00O000DO000O0O00OO0D0O000O0O0O0DOOODBT-1000000000O
do00o0ooOoooboooOob0oooooOoooOooO btODbOOOoODOOoDOObOOODD
O0writercount 000000000000 O0O0OOOOOO0OOOO0OOOODOOOOOO
0000000000000 bO00o00o0oDbO000o0UnDOwritercount 0 20000
0000000000 writelockDOOOOODODOOOODOOOOODOODOOOOODOOO
000000000000000000000 writer_count 00 1) write lock 00000
0000000 1bit000002)0000 writelockDO0ODO0O0O0O0OO 2000000
0001)0000000 CASODOU0D0DO0DO0OO0Oo2)00bit0ODODUOOOOOO
OulintO 0000000000 DOO0

5.2 00O0O0OOO0O0O

rwlock 0 mutex 000000 MySQLODODOOOOOOODOODODDOOOODOOCPU
000D000DO0oOooDOooOooOo 100011 00000000000008CPUO16CPU
godooobooboododooooobooooobooddoooooobooobooooa
00000 indexread() 00 0000000000000 DOOOOOOODOOODO4.20
(2) 0000indexread() 00 1 0000000000000 O0DOOOOOOOOO 120
013000000000000000000000)OD00OO0O0OOOODOOUOO
00020000000 bufpool000O00 mutex UO0O00O0O0OOOOOOOOOODO
btrsearch latch 00 0000000000000 O0O0O0OODOODOOOOODOODOOODO
00000000 bool muwtex0OO0DOOODOOOOOOOOOODOOODOOOOO

goooooobboooooooooboboooooooobooooooooo o
ooooooog8CpPUODOOD 8O0 12016CPULOOODO 600 80000 OOOOOO
goddobooooooooooboboooooboooboobobob0ooooooooo o
goboo4200000000000000O000O0DO0O0OODODO0ODODOOOODOOOO
goobooooobooooo

(© 2010 Information Processing Society of Japan



1391 OO0OO0OO0OO0OO0OO0OO00O0O0OOCOCOOO0000O0O0OOC0OOO0O0O00O0O0O0DOO00O

800 4
O conc_lock
700
M btr_search_latch — WW
600
o ﬁ —— 3 B3 btr_search_latch — WR
500 —— 8
o %/ 12 — W tree—>lock - RW
£ 400 20 2
m ——30 ; O block->lock = RW
300 —*—50 % 2
/ —e— 10 [ btr_search_latch — RW
200 &
/ W system—->mutex
100 1
O kernel_mutex
0
0 200 400 600 800 1000 1200 1400 B buf_pool->mutex
CPU utilization
0 . O block— t
010 00000000 CPUOOOOOO000008CPUSO I - ookTomutex
Fig.10 CPU utilization and throughput for tuned system (8CPU case). thread concurrency B pool->mutex
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800 Fig.12 Lock waiting time detail for tuned system (8CPU case).
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Fig.11 CPU utilization and throughput for tuned system (16CPU case). & buf_pool->mutex
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