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Performance Model of Dynamic Tracing System

TAO Jie, YANG Min
(Parallel Processing Institute, Fudan University, Shanghai 201203)

Abstract Dynamic Tracing(DTrace) can be used on live production systems to tune and monitor both user programs and operating system itself.
When DTrace is enabled on live systems, it introduces some performance penalty. This paper presents the performance model of DTrace by
analyzing its software architecture and its internal work flow, and obtains this model’s parameters in real world. Experiments show this performance
model can predicate the performance penalty correctly.

Key words Dynamic Binary Instrumentation(DBI); Dynamic Tracing(DTrace); performance analysis

1 cmd line arguments
or d-script files
(Dynamic Binary Instrumentation, DBI) D sousce
o o =
. . D petitioner dtrace(1m) D consumer / ‘k
Valgrind  Pin 2 = "
bedded dof "~ iy
[ \ \

[W’f\ probe# hed get status

Dynlnst Kprobes N descriptions | stetus buers .
[T \ uffers exli
3 SN s S S HER
[T N \
b libdirace(3lit) W
1 Iz Compiler wo
a W\
. S _ f | ¥ T Creatg(
PinOS ol o g gel-sts add ’,,-orgrah\\
. . 1 status puffers dof stop \
(Dynamic Tracing, DTrace) 1 2 DOF ! puffers Lioeddifd. cmd. arg] User shie

Kernel spice
| D Framework | A

/" dirace state’ dirace(7d |
i ilt-i --vstaie
register Built-in vstat s
when opened --buffer: D VM
L St S T

rap into

Rernel
Solaris, FreeBSD ~ Mac OS or created askto e m o 4 . i
e“able#mat‘ched askto | ﬂre‘(ll) : A\l
C, C++, Java —_— e[ Trap handlerl«—"
. \*ﬂre(l)f sysemer
‘ FBT SDT Fasttrap _ |
[
boundary | |
create enablew I !(SNEU
- Satc 1! function
| ( Systrace Profile PID/USDT 4» 4!
Provider Provider Provider ‘ ctine: /
\»7 - /*ﬁre(l)f ‘/
#timer
CBE  [e-raise’
1 DTrace
DTrace 5 DTrace
DTrace DTrace DTrace
/
21 DTrace (dtrace(7d))
1
g (1982 )
1 2008-09-08 E-mail 052053007 @fudan.edu.cn

— A4



DTrace 2.3
( 1 ) DTrace
DTrace ( )
(1 ) (FBT) (SDT)
(Syscall) (Fasttrap)
DTrace (Profile) Fasttrap
(PID)
DTrace 2 (1) (USDT)
DTrace DTrace
(dtrace(1m)) (2)DTrace (libdtrace(3lib)) 3
DTrace DTrace common flow
of probe fire
e '
trigger I
(1) DTrace ( 1 trigger into | dtrace_probe() |
. (initialization)
D Compller ) exception handler
2 Fasttrap oo - I
interrupt handler pick out one ECB
( 1 call | & initialize it |
B
) provider handler
(choose bucket. pick out
(3) DTrace DTrace probe. setup arguments)
DTrace DTrace ¢ |
DTrace
1 )
2.2 Return
D
2 provider handler | execute actions
( ) DTrace ( ) return l e
5
trap handler or
interrupt handler
DOF[ 1 iret ¢
next instruction
. in user/kerne! context
DTrace DOF
3
5
( 2 ) 1( 3 A—>B)
ioctl() DTrace /
( ) (
) 2( 3 B—>C)
[f (1st time opening) then dtrace_prObe
dirace(1d) dtrace_attach()
A main(} ask all needed poviders to attatch(} D
ask all needed provider to open() 3( 3 C—>D) D
process arguments, dtrace_open()
initialize global vafs fasttrap_open() dtrace_prObe
open provider mdds —
4 3 D—>E) D
Yes
create or grab
5( 3 E—F) /
[ sleep awhile
yylex() or No
yyparse() wait cond
dt_ce() C
I dt_asO) get status
snapshot buffers
create dof chew buffers (Syscal I)
ioct(ENABLE) all D
[
Done ?
18
0 processes? PID
Yes
_ * ( RET
print END AGG
closea!l(mods PUSH EBP CALL NOP ) 4
& exit(}
2 DTrace(lcmd) (JMP rel32)



( addr)
addr
24 D
DTrace DTrace
dtrace_probe
(ECB)!Y
2 dtrace_probe
D 3 B
dtrace_probe() D
dtrace_probe
DIFO
DIFO D
Java
(RISC) dtrace-S
DIFO D
3 (1)DIFO D (2)DTrace
stack() 3)
D
C
3 DTrace
3.1
Probe K Probe
M
Stage(K, x), x {A, B, C, D}
COStDVM_prepa\re
Costeca_prepare
( )
flow= ¥ Stage(K,x)+Costouy prepare +
xe{A,B,C,D} -
M
E(COStECB7 prepare) (1)
ECB;, i [1,M]
pred; action;
DIFO
CALL 3 pred; DIFO
CALL (
) li-#call (
) Vi CALL (
) S pred;
I, —#call Vi S;
pred, = ¥ instr; + 3 bivar, + 3. subr, (2)
j=1 v=l s=1

2.4
— 46—

O, DIFO A

Xi
O l,—#call v, s,
action, =X (" X instr,; + bivar,, +> subr, )+
o=1 j=1 v=l =
A; X;
> aggr, + . act, @)
a=l x=1
pred;
Prob;
Cost(Probe) = flow+ %( pred, + Prob, x action, ) (4)
i=1
M; pred;=0, Prob;=1
3.2 DTrace
D R
2
csw
DTrace DTrace
copyout() 2
SWITCHM
Hash
co co
0= COStstatusisnapshm +COsty _snapshot COStagg,snapshot +
> datasize,
b={buf ,agg}
+ Cost, i 5
bandwidth aggbuild (5)
chew&print
3.1
D
R R R
Cost(D) = . chew & print+ Y co+2x Y. csw (6)
= j=t j=
3.3
5 Di, i [18] S
N Probe;,
(6)
SR i
COStDTrace = Z( chew& pri ntij+
=L\ j=L

Costc

Cost

DTrace

z

IE:

[Freqi x( flow, +(Z( pred, + Prob, xaction, )D}L

N
IR

s (R SR
Z(Zcoij+2xz(203wj
=1\ =1 i=1\_j=L
O]
chew&print Costp
COStB co cSwW
Costysr
Costgys
= Cost, +Cost, +Cost, =
Cost,, +(Cost,, +Cost,, ) = Cost,,, +Cost,, (8)



34
1 ®
rdtsct?
rdtsc CPU
CPU rdtsc mov (
)

Dell 340 Intel Pentium4

1.7 GHz CPU 512 MB WD 80BB 3Com 3C905C

OpenSolaris Build74
DTraceToolKit!®!

1 6 1 m+n
m
n 3 684.53 MB/s 6
* 1 Costpym_prepare=432
cOStECB_prepare:298
1 2) 3) 1
4416 OR, XOR, AND, NOT
41+2 ADD, SUB
6210 MUL
12744 SDIV, UDIV, SREM, UREM
31+1 SETX, SETS
490 PUSHTV
(ref) 31840 PUSHTR
310 FLUSHTS
CALL
600 CMP
0 380 TST
SCMP
37+13 BA, BE, BG,BL 10
280 RET
M->R 90+13 LDSB/SH/SW 7
R->M 985+0 STB
R->R 290 MOV
LDGS
25240 LDGS
33+0|15 000 STGS|STGS(by ref)
982+0 LDTS
1562:+0[16 000 STTS|STTS(by ref)
400 LDLS
57+0|15 000 STLS|STLS(by ref)
999+0 LDGAA
1566+0 STGAA
2227+0 LDTAA
269240 STTAA
22 © 2
curthread 69+0
timestamp 23910
vtimestamp 7710
walltimestamp 198740
arg* 46%3
probe* 8116
*id 165+32
uregs[x] 232464

ioctl
COStstatus_snapshot 88 B 7941
CoStouf_snapshot 40B 0B 7037
CO0Stagg snapshot 4B 0B 5973
Costw 4 MB 786 208
4 (2 3
copyin/copyinstr 1362+130
strlen 4060
alloca 972+0
bcopy 114040
strjoin 77410
printf/printa 8+2
stack 1 4540
ustack 235240
count/max/min/avg/sum 1402+353
quantize/lquantize 2 418+126
5 (6
! CPU/(%) 1 min csw/ps
58/185 99 75~85 =0 8
6 (1)
1 2 4 5
FBT(entry) 2313 97 17 651 3078
SDT 1789 61 0 544 2394
Syscall(entry) 64 213 277
Fasttrap(pid) 1207 968 354 * 2529
Fasttrap(usdt) 1059 968 354 * 2381
Profile 482+x 248 0 356+x' 1 086+x+x'
3 () 1
2 6
(2) 3 Cost 4 MB
@)
1 4
88 DTraceToolKit
4
(O )
30 s read( func)
50 000 Hz
kstat[*! CPU 2
(50 000 Hz)
read 1 Byte
Solaris  seg_map Bl 8 192
110 110
read Syscall FBT 2
1 sys10/fbt10

— 47—



10 9 +800
func pid 1 Profile (1)
50 000 Hz (2)
( profile-50 000 Hz) 1%
7
7 2 OV RN C))
(5) (8) Costc
Costg ~2x9 ps+1x
((7 94147 037+7 973) clocks+1 KB-+684.53 MB/s+786 208 clocks) ~ 5
18 ps+13.5 ps+1.43 pis+462.48 s =495.41 ps ~ 0.049 5%
7
e S900) oy syson) T o) usren)
read - 49562 172238 - - - -
ss 2281 46631 230302 63063 68250
ft 5082 43980 27.0933 131969 11.8094 2 1) )
5510  ggea 39389 351013 205874 214128
fil0 11665 36940 389654 253969 261280 -
func - 50665 02630 - - 997370 -
pid 4533 44747 03167 00495 00537 996833 119237 116553
- 0 02647 - - - - -
profile 3090 50000 94588 90882 91941
Costc DTrace D
(7 sys/(%) ) pid
usr/(%) [1] Cantrill B, Shapiro M, Leventhal A. Dynamic Instrumentation of
Production Systems[C]//Proc. of USENIX Annual Technical
f Conference. [S. I.]: USENIX Association, 2004: 2-17.
T f’ [2] Intel Corporation. Using the RDTSC Instruction for Performance
C Monitoring[EB/OL]. (1997-04-19). http://pasta.east.isi.edu/algorithms/
read {sys% =fxT IntegerMath/Timers/rdtscpm1.pdf.
sys'% = fx(T+C)=fxT+fxC [3] DTrace Community. DTraceToolKit[EB/OL]. (2007-10-23). http://
f C{USF% =fxT www.opensolaris.org/os/community/dtrace/dtracetoolkit.
usr'% = f'x(T+C)=fxT+fxC [4] Boothby P. Solaris Kernel StatisticsEB/OL]. (2001-07-03). http://
f=<C CPU developers.sun.com/solaris/articles/kstatc.html.
sys/(%) usr/(%) [5] McDougall R, Mauro J. Solaris Internals[M]. 2nd ed.
7 ,2007: 707-722.
CPU 2%
( 43 )
Geometry Algorithms and Applications[M]. 2nd ed. Berlin,
Germany: Springer, 2000.
6 [2] McCreight E M. Priority Search Trees[J]. SIAM Journal of
Computing, 1985, 14(2): 257-276.
[3] Berman P, Kahng A B, Vidhani D, et al. Optimal Phase Conflict
Removal for Layout of Dark Field Alternating Phase Shifting
O(logn) Masks[J]. |EEE Transactions on Computer-aided Design of
O(logn+k) Integrated Circuits and Systems, 2000, 19(2): 175-187.
n k DPST

[1] Berg M, Van Kreveld M, Overmars M, et al. Computational

48—

[4] Tamassia R. Priority Search Tree[EB/OL]. (2008-03-01). http://www.
c¢s.brown.edu/courses/cs252/misc/proj/src/Spr96-97/mjr/doc/09.ps.

[5] Cormen T H, Leiserson C E, Rivest R L, et al. Introduction to
Algorithms[M]. 2nd ed. Cambridge, UK: MIT Press, 2002.



