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Abstract: A process tracing mechanism for Linux that can operate on less memory embedded system is
developed and evaluated. When acquiring context switch log from the logging system, some part of log data
may be lost because limited buffer size causes log data to overflow. Exporting log data to out of the kernel
method affects user process scheduling. In order to solve this problem the original trace mechanism of Linux
kernel 2.6.29 is enhanced to a new trace mechanism with context switch logging function that is available on
less memory embedded system. Less overhead compressing function into the trace mechanism and directly
exported to an external system in kernel level are added.
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2.1 Ftrace . Linux @ kL — X 1§

K AT AlE, Linux 77— %)V 2.6.29 ICE EFNLHEZR
H—ANV L —ATdH5 Ftrace (8], [9] T X— A & LTH
% L7z, Ftrace & Linux 77 — A VNEMTIE O b L —HTdh
D, 2627 hHEMS NIz, T—HFERO ML -2V =)L
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B3 TE 5. Ftrace 37— AN —2 3 VIZXk o TIRfES
NABREN R BDY, KR AT LA THE LTS Ftrace D
BRI KD EBY TH 5.

e function : T XTOH—FIVEBE FL—AF 5.

e function_graph : T XTHO T U — T LI — VB
I -7 AWNIZETTLEHE FL—-XL,
MO L 7T 7L L2 CFi 2 1§ 5.

e schedswitch : #—F VDA T2 —1) » 72X )5
AL727a v AIREDOERZ PL— AT 5.
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L — ANEFERE (Trace internal mechanism) & » L — A
HLEEERE (Trace external mechanism) @ 2 270> 5 ik &
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Trace external mechanism g_
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Trace internal mechanism 2 § @ %
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Process subsystem Trace m 8 3 <.
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Fig. 1 Exsisting Linux (v2.6.29) tracing mechanism.
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(2) PL=AF = DL—HFZEE~DITE—IFIIFE LT
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WCHBER L2 e 5. - 7atL R, b
VAT =3 % TN T T 7 ANV AT LFEHTL—
FEENIE—F5, F—Fa¥—HEKEIATr V21—
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The meaning of each data in data constructor

cPU Previous Previous Previous Next Next Next Next
Process Entry Timestamps Timestamps " ion of i 0 i ion of " operation of operation of
name | processid | " | ‘(seconds) | (microseconds) [ °PEraONOl | orocess priority [ process | entrytype | CPUcore | oPerationof | gcaqs process
number process ID process ID P
state number priority state
{comm} {entry_pid} {cpu} {secs} {usec_rem} {prev_pid} {prev_prio} {prev_state} {entry_type} {next_cpu} {next_pid} {next_prio} {next_state}

Q String convertor

{DATA NAME}

{comm]}-{entry_pid} [{cpu]] {secs}.{usec_rem} {prev_pid}:{prev_prio}:{prev_state} {entry_type} [{next_cpuj] {next_pid}:{next_prio}.{next_state}

Context switch

cat-42 [000] 4154504421.591616: 42:120:S
cat-42 [000] 4154504421.591616: 42:120:S

+ [000] 42:120:S
==> [000] 0:140:R

2 IVFFXFAMAL T FL—AT =% Dfl

Fig. 2 Example of a context switch trace data.
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(3) A—HYZEANDT—2AE—2BHEIZ . ArPa—
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GBS e p

3.2 ML —XEENDHE
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b — 27— % EMl (Log Generation Part) DfLIAAFE
5 (LUTFAERME) & b L —2A7— 7 B3l (Log Collection
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- Start & Stop Logging

Instruction
Debugger Tool - Log Extracting
Log Analysis Tool Instruction
Log Visualizer - Various Types of Log
Format Receivable
CTFLOg, | £ Get Method of] Far Distance
XML Log, HTTP
JSON Log,
SRS - (¢
Log Collection Part

- Log Collection Func.
- Log Extract Func.

- Extract Format Selectable]
Short - Log offer Func.

Log Acquiring Server
with HTTPD

BSF Log| iInstructions D

istance

Log Generation Part
- BSF Log generation
- Export BSF Log via
network interface

Embedded Device

IOM]BU BIA BlR( JBJSuBl|

........... Logging Env. 4

3 VAT L0fkKE
Fig. 3 Overall structure of the system.

User Layer E}? g5
Trace external mechanism -t
$a
Application program Trace setting E 2
startup & executing program TRACE SET ONCE %, E
Z ; g
Kernel Layer 2
_ = e
30 Trace internal mect:nlsm /0 subsystem
race
Process subsystem subsystem / =I5
VA& 88
g Sl oF
- & 2|2
Trace driver = a TE
Process fork e > @ o
- Trace @ @ 3
controller @ N )
] 3|53
Executing the process De“"cﬁs ° 23
with a scheduler conoler. o 2 =
8 Q
ifc Bl 2 [*
|8 JTrace —
result ¥ m 4
Nsisad
| Log acquiring server program |<-¢ Log

4 RFELE L — A REERK

Fig. 4 Structure of Proposed tracing mechanism.

T&5%.

KYAT L TRWERDT —ANAT YV 2a—F L ZNITH
ML72a—F, BIO MLV —ATFT—¥x2ERLI7 AR~
FEABBIIAEEY, ZoFFAMALTVWS. I,
N L — ANEBRERE Y 7 O b AR & OB AT, 2
DT DOERIZ I —FNVERIIEEEZGEZ DO THA.
H—=HRNWVAr Y a—5% b L — ANEEREORERE 22 H
T5HZ L, =RV a— FOEHEIIXT 5BHEM % EL
BB ENE, RYATATREAL TV AW,

ARV — Ao ZE 4 1283, X4 4RI,
HEF DBERG I EMEtERE (Compressor) ZFfo72 hL—A K
7 4N (Trace Driver) B3 5. FL—A NI AT
B — A IVZEM (Kernel Layer) TEIfET 2% 7 A7 4T
HY, RD2ODFEN LR TN 5D,

o kL —XHIEHER (Trace Controller) i&, ML — R

7> AT L (Trace Subsystem) OHEIFEHEE 77— %
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AR Z 2 5. AIEIE Y AT LA ORI L —
ADOFEEERT A, BEHIE N L= VEROEAEIC
ERET A, EMREEEORFHIROE T3,

o FINA XHFIEER (Device Controller) X, ML — 2
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program) (27— ¥ Zifnkd 5, TOLE, FL—2A
F— ¥ 2 —HFEENIE -, EENL AT —
Y HUSH —NIC TCP BEIC L > T2y AR - T 5.
F72, WO CIHE AT A TORBETSH, Vo TNy
TR T AT BL PRy V=2 TlE%T S
T=Y REMTHI LT, [EROFETOT — Filnik
ERBLTCYATLDOAE)HEEZWZ DD, 7—%
FUEET A Z EDHREIC .

I AR = N OREIIHERD b L — R L[FAERIC 100 m

BTy 4 <EAATITDNLA. £ LT, “Logging

Instructions” (ZAIAABEZRIZHT L b L —AF— 4% DHL

HFoBE Loy EERT L. Amwid, 1) L —

ARG, 2) L= ZADEILD 2 DG AN D 5.

NSO, PL—AF—FWEF— 05 b
L — Al &2 65 2 & T, FHE» 5 M L — ZADGE,

EIEDIREDTREIZ 2 5.

ML —AF =5 R — N, b L —XOBMEHS - b
V=20 b S EHAY A7 ANET I EICE o T,
HAAR Y 2T 2P SDTRTO ML —AF— ¥ ZHUEL
TRAEL, T— ¥ MRBRREIC L D EM SNz P L — 27—
Y EFHT 5. BUSHINORRIZE 1 D X 9 122 — 5220
ANDIAE—%HT, EOMNL—ARITANIZLoThH—
AIVNER D B TEAEAT ) .

3.3 EMEFEDEE

JEfEEERE (Compressor) 1, FL—AKIFAND L —
A OFEREL LT, WERkOCFIULEREISEMT 5 2 &
TEHRT L. THELANOEELBS L, L) EVER b
L — A7 — A5 A I21E, (kDO SCFHFMLEERE X 0 FE A
PR, B =Ny N HEEMRHTL2LE D 5.
MERDOLFHULRRE COT— F iR 1 IR, 2
LT, RIEMERETOT— skt R 2 IORT. (RO
Ftrace B TIE, Voo Ny 7ol anizr—% %
TTF =% L) H A XHRENTFINAER LT, A XH°
INEVWT 7 ZAR= I Ny T 7ML TS, TIUTH L
T, KRR TESCTIIei L Rk T —2 2 » 7
INY T 7B Iy AR— Ny T 7 IS B8, F— %
LI U COLEyifbed, L) 7= % 1 Xo/hsn
F=FEHEPOTII AE= Ny 77 1K TH L)
129 5.

COT— I EEOR A TG LI CTHEMT 572912,
PERD Ftrace OB 2 0 L7z L 25, FHEIIRD 3
HTHAHZEDPHL NGRS,
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R 1 CTHUCEERET /Ny 7 7 ITA&IA S 2 FEIO F

Table 1 The comparison of buffering regions in string con-

verter.
Data name | Data size in ring | Data size in export
buffer (Bytes) buffer (Bytes)
comm 16 16
entry_pid 4 7
cpu 4 5
secs 8 2~11
usec_rem 8 7
prev_pid 4 7
prev_prio 1 4
prev_state 1 3
entry_type 1 3
next_cpu 4 5
next_pid 4 7
next_prio 1 4
next_state 1 3
Total 57Bytes | Min 74~Max 83 Bytes

®2 75 ORI L B0 E M

Table 2 Classification and compression by data characteris-

tics.

Data Data Data Data size in export

name charecter- | size in buffer

istic ring Binary String
buffer section section
(Bytes) (bits) (Bytes)
comm (A) 16 5 0~16
entry_pid (©) 4 32 null
cpu (A) 4 0~3
secs (A) 8 0~10
usec_rem (A) 8 0~6
prev_pid (©) 4 32 null
prev_prio (©) 1 null
prev_state (B) 1 null
entry_type (B) 1 null
next_cpu (A) 4 0~3
next_pid (©) 4 32 null
next_prio (©) 1 1 null
next_state (B) 1 3 null
Total 57 Bytes 17Bytes | min 0
~ max
38 Bytes
Min 17 ~ Max
56 Bytes

(A) = OFEHHAT) OMRERL VL, AT —
§ ORER LD VT —
(B) 77— % ORIJN AT ) OMERFIRL D kT — %
(C) 7—% OFEHD A ) OISR B TR T— %
(A ICBT A7 =451, 7ot AR &% R

-

9% “comm, cpu, secs, usec_rem, next_cpu’ TH5hH.
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NOHRWERELTH DT, LFHRRATH 5 LTHH
(String section) & ZNIZBIF LT - EEZFKITNNA )
# (Binary section) 2 SRS 5. 4712, /N4 F V)L
LFFMORRKILTHREMLTLE Y bOT— ¥ RH D
T AMRT AL )12 4, FLC, HacH L7 —
yE—=H LT =¥ b XTI NET, LT %
FZINAFIVEHIZ0ODT =7 2 EEZ AL, comm #61& L
T, 7— 4% 7 “er.ServerThread” T 15 LFED LFHED
WA xR &R, 22T, BR1IDIIAR—-INY T 7%k
ZHETLHE, comm 3 VTN T 7 ELY AE— Iy
7 7 OEMGEEAS 16 N4 N THDH, TIhT, £20DL)
(2SR OMERFEIR O R /ME - Fe K Z 0~16 /31 M2
FTHIIVICERTHIENTED. N F UL 16 34

FERT S5y FOXE)FEEFAEICTEI W, 20
EE, WFHRRICCFHFILO “er.ServerThread” # & &
K, NAFVERIC 15 #FEXAL, T 1 OROHT
Ty ERRLT, ROMNT—4952E25. WIT—%
W1 OHOMTIT— % L[ L “er.ServerThread” & 72 535
Hl&, comm OILFFRRICM S FBE AT LWL HIZT 5.
ZIT, comm DLFHIERIZ 0 /854 MIHB720, /N4 F
VI 0 2 EE AT,

(A) OF — 7 3R LHESHWOT, Tk s TE
MR E M EIELIEDTESL, LL, XFEI—FIIK
PR X FHORSEFHET 24—~y FPFET L. &
DF =N~y FEWINT 572012 (B) & (C) 1B 57—
B ERIZEZS.

B)ICET AT —%1F, 7Tut20kEr T
“prev_state, entry_type, next_state” Thb. ZNHDT—
¥ ORI, WTNRBDRVEZEOE Yy MRTET I LA
TXALETHA., #2C, Ev T4 = FIZXhEy b
FWEHD, WA F) T—=F N4 FUFIZIFICEEA
LEIHICT D, /2k 2L, prevstate DT —F EE 2 LY
A, TNERIO7a - AREEZERT T4 THY, 820D
REEZIFTRTIENTEL, E1DOY TNy 770
WA 2R 5 &, XF L LA 1354 b7 — ¥ R EE 3
NA FOLFEFNDOTF—=F 2T HLEIRVDOT, 2Dk
I3y PONAF Y F=FIZTNETHTH5S. (B)
DT = F TR CTEHT LB I 2w s, =%
DFA ZINE LY, BEEA —3ANy FAY(A) L DK<
h.

(C) BT AF—%1%, 7u0tAIDRELELREEE
9 “entry_pid, prev_pid, prev_prio, next_pid, next_prio”
THb. TNHDTF—FIEY AT LORE I ERT 5H)
W77 =% %DT, 77— % OREBITTFHTE 2w, &
LI, 1O 7Ny 7 7 iEMERE BT, VY
TNy T KNS AFEIBIE = 2 AR =Ny T 7LD D
BRnwOT, HBMNHERE O LLEN T =5 Thb.
CDOZEMLE2TIE, ZOFTENAMF) I— RTINS F

© 2017 Information Processing Society of Japan

Export buffer

String section
| (s)

Extensible string data (ASCII) that
deletes some unnecessary
character data

Binary section
| @) | (b) | (c) |

Binary header

(a) Binary data that shows the size of each string data element.
(b) Binary data that had its representation shorten by the bit field method.
(c) Binary data that was taken from the ring buffer.

5 IEAEEREICL ) 27 AR = PNy 7 7 ITHKINT S 147D b L —
AT —%
Fig. 5 One line of tracing data stored in export buffer with

compression.

Head (s) and (a) (b) ;(c)
datC datB datD datE:Y TiM

datA _  _ daFiXTiM

Taill _ datC _  _ X U N

6 WETrsoF— ¥k

Fig. 6 Data structure of intermediate log.

VEZFICT = 2EZ XA LT 4. 7—7HEEM
THFTICEXALI LT, =1y FEELT LI LN
TE, (A)DF =N~y FEPINFT LI EHTE5.

INSOFMICHESWT, T ORMTHEL, K5
DEICZIAR= Ny 77 ICEERAL, WEROXT
H& LTl “comm, cpu, secs, usec_rem, next_cpu” ML
THIR (s) & Z OMEFF I EA D,

INA FIERE, N4 F) T =8 OFEERER L SCEFIE D
BERIZOLFHEDOT =5 2 FoN (4 F 1)~y &b
T2, N FIVANYFIERDOIODT—4 (a)~(c) & &
ZiAte. (a) lX “comm, cpu, secs, usec_rem, next_cpu”
D7 —%, (b) IX “entry_type, prev_state, next_state” ®
7 =%, (c) | “entry_pid, prev_pid, next_pid, prev_prio,
next_prio” D7 —% %, FNEFNIDEFTEEAL.

T, NAFIANY FIERBRAICRET S, ZOMEEIE,
(a) DUEREXTFINDEEZOLTHELZ T LOLDITFE
EThEF =AY FERbT720ThH5.

Z D7 +—<v b % The mixed Binary and String For-
mat (BLF BSF) LIER, Zhdsa— FENS F1) —
I— FEREGELZECTHELTWE2 05 Thh, TOT 4 —
<y N EMHTS kL — X7 —% % BSF Log I3,

3.4 T—2DOBREAEL

KENHEES A ZXDNy FINA F1) & Gidrihd, 5
BT ()~ (c) D& T—5 2B 6 OL) Zfus s L
TS 5. (a) DT =PRI EEZEOLFHIORES &
A TP OFARAD, FREOLFHE5HET 5. X
FHIDOREH 0 DYEld, LFHICT— T 7 A K-
FERTWARV, ZHIZE > TEZEOSESHEEC 22 2
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Head (s) and (a) i(b) i
datC datB datD datE:Y T i M
\ v
datA datB datD datFiX Ti M
¥ ¥ Vo
. datA datC datD M X U N

7T MR LCRED DA A=Y
Fig. 7 Image of extracted log.

xS A720, ¥—H% 7D 1N, MIKENT 5.
ZHTIR VWAL, FOEFOESF T E2REZOLT
FNZHEIN T 5. (b) & (c) DT — 7o dZ 0T FX77
fLL, #id 5.

JRE D T — NNy FIZ X BHAAR Y AT L DB
BEVF 2 72012, fRHFEREIL, “Log Acquiring Server” THt
fit§ 2. EEICIRR T — 7 OS5 C BSF 0 7 % il
MrL7:t%, B 7 OX)IZEEIOFMAL, HETHI L
THEFRD Ftrace 3k, JSON ER B X U8 XML R I2 %44
T5.

4. [EHEREBEFTZ b L — X DM

4.1 FHMES X7 LDRE
KIBEFEL, <4703 0 ¥a— Y HRRASHD
KZM-A9 &R — F FIZEIET % Linux 7 — F b 2.6.29
BIOPZEDH 2 TEIMET % Android 2.2 2 X— A |2 A
TLATU MY AT RFELELFHEL 72, T 3 ILEHl R &
NER

KU AT L FHETLOIER LE %, | 41K
T, RRENL—2AZFDT 0L, LT —FNVDa—
FIZ1TAT DRy FORLETH L. T2, I—FIVAPS
vy MEEEAT ) 72912 ksocket £ Y 2 — )b [11] & v
2. INE, I—ANVHATY 7y M AP #7200
FGATINTHA.

4.2 FHEREERCER

AFHIERTIE, T—HFEHMTrN L - AT -5 G710
7T L HeE) &4, Ftrace x HHWTA v U — 27 2 H8
FI2SD H— FICRET S b L — A4 (LUT, “Existing
Trace”) & FL—ATF =¥ %4y bT— 7 FHTliE L7
it (LUF, “Existing Trace via Ethernet”) = ZE#(2 L C,
P b L — 288 (LLF, Proposed Trace) #3Eilid 5. &%
%12, “Existing Trace with Existing Compressor (gzip)”
& “Existing Trace via Ethernet with Existing Compressor
(gzip)” 13 —FZeRHERD b L — AL VT, BfF
JEAEFETH 5 grip & L UARIRE T L O 2147 % 5F A
T 5.

“Existing Trace” &”Existing Trace via Ethernet” I,
Ftrace @ sched switch TEERZ1T->72. 7B, KRFHHE
BCldAty N7 —=2712100Mbps DA —H% % v M &,

© 2017 Information Processing Society of Japan

£ 3 N— Ny 7 OHAEE[10]
Table 3 Specification of Hardware for System Evaluation Ex-

periment.

KZM-A9 &R — N

CPU ARM Cortex-A9MPCoreTM Dual CPU
Operating Frequency 533 MHz
Main Memory 512 MB (DDR2-533)
Memory
Internal SRAM 128 KB
Touch Controller: EMMA-EV2 on-chip display
ouc
Pancl LCD: WVGA (800*480 Panel, RGB (8:8:8))
ane
HDMI: Sil9024A (HDMI1.3)

£4 H—pVa— FOLEHR
Table 4 Changed list of Linux kernel code.

Kind File Name Patch Add
(Lines) | (Lines)
Kernel trace.c 16 0
internal code trace.h 1 0
trace_driver.c 0 2,523
Trace

. trace_getmajorid.c 0 85

driver code
compresslog.h 0 33

cpufreq DEEEE % H V>3 CPU J& 3 % 1d 533 MHz [& %€ &
L7z,

Y A < EFARZDOWTIE NO_HZ $85E 12 X B 228 HH &
f~E iz, BEEMSY A ~TlX, 74 <E) AL
B ETICBET L. F72, EEICHW Linux Tli,
EAEERN=FT7 27 74 <IIEHL Tk,

ARFEERTIE, =D AT LI LTC—EDITE & 17
)& HICLT, EBRBEOBIMEEMR L. BAEMIZE,
Android ® 7' 7 1 2 & T, HS 500g DT ¥ A
N7 RSy FNRI RIS Bl -7y PO
T AZIEEEIER D S v FRRVBER I N TN LD T,
ST o THANDSLE LT =5 2T 5 2 LA
2% 5. EBITZORE,S ML —2AD0FETRM (T) %
WOHBZTEIZHEPL, 1I0ETO I HOTF— %1ty
FELT, 3y FEATEATY, TOFHEE KD 7.

B S BRI R OFFIEE 12E B L7z,

1) TI9RR=—rShEbL—XF—2DH% 1 X (Ex-
ported Log Data Size)
B ML—ABBICBNT, T/ AR PSR ML —
AT =5 DY A4 X% KT,

e Existing Trace Ti&, ML — A7 —% ZJLHEE 7
12, SD #— FIZBITFH AR EH VG604 A
A%FET. Kb L—2EERD Frrace EATT 7 X
R—F55%.

e Existing Trace via Ethernet Ti&, 7— ¥ %L

*I User-Agent: Morzilla/5.0 (Linux; U; Android2.2; ld-us;
kmc_kzm9d Build/FRF91), AppleWebKit533.1 (KHTML,
likeGecko), Version/4.0 Mobile Safari/533.1
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Exported Log Data Size Comparison

_ 40000000
£ 35000000 —
= 30000000 + 4 4
k] + A 4 B
& 25000000 -
& 20000000 t 3 x x x @
a t & x @ m ¥
& 15000000 — ) S
-] & ‘ x o 0 © o @
3 10000000 ¥ -
5 A - ! hd $ o
S 5000000 -
& w #

0

0 20 40 60 80 100 120 140 160
Program Executing Time (seconds)

# Proposed Trace (Default as Ethernet) m Existing Trace

X Existing Trace with Existing Compression (gzip)

ce via Ethernet with Existing Compression (gzip)

E8 F—%¥DHAXDHE

Fig. 8 Comparison of data size.

I, =W TA —F Ay bEFERLT—
TR AT 72 AN A A e RT. AML -2
WERD Ftrace BT AR— bEN 5,
Existing Trace with Existing Compressor
(gzip) Tl¥, Existing Trace & FAfIZHEF D Ftrace
R CTZ I/ AR— I T AP —ADT =744 XL
DT =% % gzip THEAET 57— 5 O A X% FKT.
Existing Trace via Ethernet with Existing
Compressor (gzip) Tld, Existing Trace via Eth-
ernet L[AFEICPL—AT =5 DA XL ZDT—4%
L —W2EMIC gzip TIHEME L 721412, L —HZE/T
A= 3y NEBH LT — ¥k 277285580
A X %FKY., KL —RIHEED Ftrace EX T
JAR—FEINA.
Proposed Trace T, 7 — % & — 3 VZERIIE
ML, #—ANVEBTA—Fry FERHLLT—
FHERE AT 2 E O A A %Ry, R L — R
BSF 0B 7 JEA T AKR— 19 5.
FEEAERZE 8 IZ/RT. TRTOFRICBWCH &
EBIZPL—AT =% A I L T 525, “Pro-
posed Trace” |3 “Existing Trace via Ethernet” & [B#&
LTCT =% A4 XDWRPWELH,PTHY, SD /1 —
FEHVZZEAO P L - 2K B EALHRLT =%
P A X CTHET HZEDVWEETH 5.
I 7F% X MXA vy F# (The Number of Context
switch) X, 7Ot ADF 1 A8y FHHZT T F A
MR B TR 2D KT ET.

e Existing Trace Tl¥, bL —A7—% ZEHEd 312

SD 71— FANAMA & AT - 72355 O lfe Y.

e Existing Trace via Ethernet Ti, N L — A7 —

§ ZIEAE IS, - REANTS AR —-bL, 1 —
YAy bEEH LT — 2Rk 217 o 72358 0l
KT

e Existing Trace with Existing Compressor

(gzip) TlX, ML —AF—% % SD 7 — FIZ/HF
L7412 gzip THAME L7205 A0 £ .
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Percentage of Compressed Log

[N
)
o

=
o
[S]

izﬁ***x***x*****

0
o

-]
=]

40

20

@0 0o o 5 6 6 6 * 6 o 6 6 O ©

Percentage of Log Compression (%)

0 20 40 60 80 100 120 140 160
Program Executing Time (seconds)
M Existing Trace

X Existing Trace with Existing Compression (gzip)

M9 a2rFFAMAAL Y FHOKEK

Fig. 9 Comparison of the number of context switches.

e Existing Trace via Ethernet with Existing

Compressor (gzip) TiX, NV —AF7—%% T/
A b LA L 2R C gaip TIEAR L 77212,
A=Yty bR LT — ik eIt - -0 %
e

e Proposed Trace CTl&, ML —AF—% ZLAiL,

H—= R NVERTA —H 2y bEREH LT — 5 5k
AT GO £ET.
EEAE R %, 9 IR . WTENDOFR DK OFE
BWELBIZTYTFAMAAL v FEIIHML T 5.
I—HZEHPL A =ty MEHTT =% 2% 3 %
“Existing Trace via Ethernet” 23—%% <, SD #— F
% v 72 “Existing Trace” 2% b A7 \». “Proposed
Trace” (&—#C “Existing Trace” & W 3 7 ¥ 7 F A
NAA v FEPEEZ 5 H DL, “Existing Trace via
Ethernet” £ ) d % wie > T3,
EAADLEE (Interrupt Frequency) (&, LFEo b
L — A% A7) eI E L2 BLAABHEE 2 555,
system_timer (&, CPU0 ~® % { v E3AAR DOBHEE
Thhb.
system_timerl &, CPUL ~® % A < EAA DS
Thhb.
emxx_sdc &, SD 71— FIZBIF 5 AT DEHAARD
HETH 5.
ethO X, /=%ty hTORY bT—=2 DT =il
EIC L DELAARDHETH .
kzm9d_touch &, % v F/8RVIIHT 5 AH O
HHALDHETH 5.
EFFRIEIR 10 2R, REFFIE, “Existing
Trace” & 0 3 ELAARBEEIXH V25, “Existing Trace
via Ethernet” & i L T, HLAAHE #{KH L TW
LT NG,
A7 DOE#EZE (Percentage of Compressed Log)
ARIE ML — ZARBEOIEMRIEIC X 57— ¥ OIEAi
KR, EMFEIL, K AT L0 “Log Acquiring
Server” |25\ T BSF 1 7 A % Ftrace IEAD M L —
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K5 BOBWEGTLEHEDV AT LDOF =Ny F
Table 5 Overhead of system for executing 130 seconds.

Existing trace

Existing trace
via ethernet

Existing trace
with existing
compressor (gzip)

Existing trace
via ethernet
with existing
compressor (gzip)

Proposed trace

Data Size (Byte)

18,902,754

17,261,556

922,059

1,678,149

10,380,256

Compressor (sec)

25 (19.23%)

33 (25.38%)

0.948 (0.73%)

String converter (sec)

1.15 (0.88%)

0.926 (0.71%)

1.32 (1.02%)

2.34 (1.80%)

Writing data
to export buffer (sec)

0.298 (0.23%)

0.279 (0.21%)

0.312 (0.24%)

0.464 (0.36%)

0.26 (0.20%)

Network
communication (sec)

2.16 (1.66%)

0.29 (0.22%)

1.33 (1.02%)

Total

1.45 (1.12%)

3.37 (2.59%)

27.622 (21.25%)

24.632 (18.95%)

2.538 (1.95%)

Interrupted Frequency

3000

-~ -H
ol = i
system_timer system_timerl emxx_sdc eth0
Interrupted signal

DExisting Trace
B Existing Trace with Existing Compressor (gzip)

kzm9d_touch  Total
interrupted

iernet with Existing Compressor (gzip)

10 ELAAZHHEE D I
Fig. 10 Comparison of interrupted frequency.

Percentage of Compressed Log
120

100
1**2‘***********

80

60

40 0

V79T e % 6 6 % e 0 & o v @

20

0

Percentage of Log Compression (%)

0 20 40 60 80 100 120 140 160

Program Executing Time (seconds)

¢ Proposed Trace (Default as Ethernet) MW Existing Trace
ti a Ethernet

Existing Trace via Ethernet with Existing Compression (gzip)

X Existing Trace with Existing Compression (gzip)

11 B 77— % DM
Fig. 11 Percentage of compressed log.

AT —ZZEW 7o, BSF 227 DOH% 14 X & Ftrace
RO A XL 2B L7-bDOTHS.
EFFERIEIE 11 1R T, BELLTHRIEIZS L O%H)
EHHL0D, 1ZITAORDITHHERTNL—AF— ¥ %
FEMECETWAZ EDGHD.

5) YRTLDOF—ISNy K (Overhead of System)
RETHELZERT 2720 ICEEDBN, SEE21T-o 72
B2, TNENOEEDEITHM Z 2 AT LD F =N
Ay FELTERIL 7z, BRMIZIE, Ay b7—=20
Ly N7 v T, EHME, CFIL, TS DI AR —
DWW, 130 BIBETE 3 ATV, ZFOFIEE I
B,
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e Network Communication (&, £ —4% % v M2 X
AT =Ygk a -ty NT v 7T 5DIXhN5 4+ =N
Ny RTH 5.

o Compressor |3, KIEZHFROT /N1 A BT
T =Y REMT LD DbF =Ny FThHhb.

e String Converter 1%, kG ToOLFHLIZH
mbhF =N~y FTH 5.

e Writing Data to Export Buffer (X, =7 AR —
My T 72T =8 2 HSAGDIIH DB F =Ny
NTh 5.

EEER TR 5 ITRT. “Proposed Trace” 1%, “Exist-
ing Trace” £ ) & 4 — 3Ny FHAKE VDS, “Existing

Trace via Ethernet” & IL#K L C, P TFD 4+ —N
ANy RERoTWA, I, 2 v N — 7% E4T
720Dty NT v TOF =Ny FHKIEIRR LT
W3, F i, XFHURIZ DB F =Ny RDSEHE &
FIZFRA%S ORI TH 5.

4.3 EE

KETIE, FIEOEBFRIIONVTEERET 5.

431 IJXR—FEINEPL—ZXF—2OH A1 XED
CTEXNZA Y FOE

8 LV, MEINLFTHIE, 77— OINEIEALD
HFExEA—F Ay FTREETAHILICHRTUELTZ N
TWAZENGHAE, TNIZE-T, YATLADRELZ
TNERS VW IN L —ZAT =D A X525 LD
12, ARRICERET A5 L&D Ay N7 — Il AR (s 2
HIENUREEL LS TVA,

“Existing Trace via Ethernet” ([2BWTT — % H 4 )
FHIZY 7 ML TWwABDY, Z1Ud Trace pipe x HWwb 2 &
WLk BF— Ay F& Ay bVT—=7 RN LT — ¥ iin%
RWBEET DD THLEEZLNS.

Tz, BEHZIOBOSH) TTF—5 A XApVhE
AUEDHET D, TR 11 5T =7 A4 XDE
MRPEL o TWDL I VT hE., TNICLoTT—%
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TFAZXDPNEL o7z ENFERTHLEEZ NS, F
7z, FNLI% “BExisting Trace” & KL CT7— % 44 XA
INEL o TWBDS, RIEMHNTIEERIOT— ¥ I8 %
ZFBHZENS, ~EEMEN Lo ETENDED
T—=FAXDEEEZITTLEHDTHS.

90h, AV THFANAAL v FHIZOWTH “Existing
Trace via Ethernet” £ /NS RN E o> T T, HE
FEPIAVTFANAAL v FREERKBSETNE T L%
WA, TOT7T7TYH, “Exisiting Trace via Ethernet” 7%
FHIZYT7 ML TWBED, ZoBEBE LClda—zEm
DF—=F DAY=,y NT—=2EERIZDOD Y AT LI
HMLICK->Tary 73 A MAAL v FRHMLTWAE72072
tEZLNA.

$72, 30 ~80 %, 100#, 130 BLIETa 7+ X b
A4 T OEMBES N5 D, 11 &5 % LTS
DOEFNIFEEL TWAZ e h b, 2, EHEIE
LETWAESTIE, T AR— T HEHAHR L LT
ty NI =7 DWEPWLEERLDT, ZO5a Y TFA
NZA w FHRBEIMLTHWEDEEZ LN,

4.3.2 “Trace Driver” DF/E & EHEREBED IR

#5541, T ORBL(A), (B), (C) DF =3~y
FEBOS TRRIZONWTERT L, VAT LDF =)\
FIZDWTld, “Proposed Trace” TOHEMFHERED F —
ANy BAS, “Existing Trace” O L TF5LE IZIZFETH 5
LMo, LL, Y TFAMNIT T T —
vavEDRR DT — 7 ORI B A, T—
7 O (A) OIEMEESETLTLE ). —F, 5# (B)
E(C) R EROT—= 51K LT e s, —EDES
AT 5L ERETHL. T, SHEIEREREZD, (A)
DG TET 5 70 A% % EOLTHNIHIEIIED S
VI Ens, BT —7VEREL, ID#E ) KTLH
ETHEMRAWET LI L LWEETH 5.

F72, 130 BOETRERIZBIT 2 ARREFLEDO Y AT 4
F =Ny K25, 2.39 B & FEATHRER O 1.8% R IZILE -
TWBZeMn, BFO ML —ATFELIZIZFABEDO L —
NNy RTHY, EHERED LN EPHL NI 7.
B DT E =225 4y NI — 25T A4 &
WEBLT, o b7y TR 1/3 R HR S LT 2.
F72, T A XL 0RFEEIHINL TWDE I s,
Fov b7 = 7 RO S L EDRETH L.
4.3.3 EAHEEE PL—XTF—2 EDER

9 LK 10 25, HIAARDHENZWIET Y TF X
FAA v FORDE L RDDT, PL—AF =% A X8
W20 7 HEROTREND T B b 2 LG5,
Trace” [FEIAADHED G R/ANEDOT, IV TF AL
AA Yy FEPROPH L, 1RSIV D ML —AT—F D
HRDOH A A T/NZ B, ZORERELT, VI INy
T LW =y TLEE SN REEIERNIRY,

“Existing

© 2017 Information Processing Society of Japan

L —ATFT— ¥ HEEOWMREEDR/NI L EEZLNS.
Z LT, “Existing Trace via Ethernet” ® 7 — % 226, £
DIFLV—AFT =¥ %A =%y MEHTY Y v OSBRI
%Y D6, FRRICERARDEEDGFPRKICEHDT
FL—ATF— ¥ HLOTREMEORAKIIR D LEZHNS.

TR LT, KREDO P L —AHETIE, v b7 —
72 DEAA A E % “Existing Trace via Ethernet” D%
30%IZHI L, tL—RAT— %A XEHERD 40% 2T HE
LCH%ET 2 ZEDWEETHL. CORBLLTE, 11—
Tty MEHTEM SN T — % 2 /MBIClR%ET 5 & &
12, FL—=RAF =% D% A X% 40%IZ/NE L L 7zdnikhsa]
REChHI L L, I—ANVNTHIERWIEEZIT) T L1285
FPAR OB EZ bNE, 77— 2S5
LT, Ay MT—2IE®IU T T Y HGRICLEE
AR EHS TN TEL, UL, S OB A Y
P =7 IR EN DAL VEIRNTSH 5.

7 F ANV DOEREAR (kzm9d_touch) 2OV, 3
BABRIC L B & & v F SRV DEFARDIEE L TV,
ZhUE, BHUEXD Y v F8R Vo TREIEOIEITIIZ L
PENARDRIEE LWL D TH D, RefdrzEiicsy v
FINAN DERABDFEET 05, FEERFITIZ/ SRV EoR
ABEHSETVRVEDTHD.

F72, SD #— F (emxx_sde) DOELAARIZDOWTIE, %E
B R IZ & B L “Proposed Trace” & “Existing Trace via
Ethernet” ($ELAADIE L T 5, Zhd, RFERBE
D KZM-A9 §Fli R — FIZSD #— F2 o — 2 V&2 B L
O Android, 77 7HZEETLHZ LML, ZOTTTH
TR ITUIEDER=T Y TIZE 5T, SDI— F~NDA
WDPHELT, ERAADPBELTWSLEEZLZNS.
4.3.4 BFWEEREZH - IIVERATHREBLAEZZ ED

e

WH Ftrace 3 » 7Ny 7 7 IZES N2 L — AT —
2 100mBTEDY A TERAARIZL > TT I AR -+ §
5705, AREBRBEE T NOHZ OIREIC L 2 LB
B, ¥ A YEARLY AT LH busy A idle (20 b 5T, I
BRWGEIZIETRAET B, KREBROKRIZL 5 A < EHA
AL, ¥ 10 @ “system_timer” & “system_timerl” T 5.
CORERNPORL &, “system_timer” & “system_timerl”
D753 Ftrace DML L 5 7 4 TEARTH L LE 2
bNb., ZOYE, VAT LAY ADOERARDMEE %R
D 50%\ZHIR L 722 £ A5 A, JEIRE LCld, Existing
Trace via Ethernet |28 W T —HZEMITREIT AL 1 O
“Log acquiring program” HKD 7 1 A3y F DRI D H
WAHIFTENE. £ LT, NOHZ DIFED =%, Ftrace
® Trigger 32 20 CPU 27D EL S »> THLE
LTWARHEDEEL TWAZEREZLNL, FFMiZE
EiERIZ X B &, Ftrace D7 — 4% 7 AR — b ix CPUO
DFTEIMHEENTVE Z LD 5, “system_timer” &
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“system_timerl” & 237 o 7fE R E o TV B,

=, D= AVIEEUI A AT L /-2 2Ly, h—%
VEKRDOEARD Y A7 SNDUWREED S 5. FERTIRY
A <E) AHDNOHZ DIRE L BEFEW DT, ¥ A
T L2 busy TH idle TD ¥ 4 VELARIIVLELR Y 4 I~
TTRFIIET S, YA XEABRDOY A7 OFEIE,
EiZY L — AD “system_timer”, “system_timerl” D&
7l & Existing Trace @ “system_timer”, “system_timerl”
DEFHEDEGSTRTIENTE L, RREFHOHIAHA
DY AZIEL98MITH Y, Existing Trace via Ethernet M|
ABDIAZIE515 M TH L. THUFTEMI LD PL—A
T A XD, BLPL—FER~NOTFT—5 2~
BB L AR TH L. ZOER, RIEEZTHEE,
Z—HEETA =% 4y b HwGEGE LTS
DO E ) 0% ZHI L 722 &A% 05, U2k, KR
TR Y AT LOIVERDOH THWHESINTND Z Ly
b,
4.3.5 BITFEMETFE & OLLEGER

B 11 &5 5 206 BEAF AR T LD gzip & IV 5 EAREE
B ISNFEETHSH. 2 LT, 1,678,149 /54 b DESGEFHD
L= AT — % Ok AY 029 B CH 5. Gzip DIEHE
F—=NANY K33 TH L. EMEVIEHL B LD, A€
U ORIFI DL LW HLAAAE SR THAR L 72729, JEMLEEH
KOFETNL—AF =7 DHF A XH 30,937,475 /31 b
WCHRT 2, 1BYU7DD ML — AT =5 DERY A X8
106,680,948 /N4 N2 DT, VY ZNy T 7 b T —F D
PUERh R L T, 77— OHETEEES S 5.

—J5, AEMHTEE A — AV EEISEMH L2 LT,
Hi=E DS AORAEE T B %, JEHEA — /3Ny FA70.948 D
INEWVWLDTHAL., Z LT, H—HNVZERLERIC Log
Acquiring Server |2 10,380,256 /N4 PO ML — AT — % %
kT A 118 TH A, 1 L2 VD L — AT —
7 DR A XA 8,796,827 /34 N TH Y, BEAFEMT:
EDNSWZ DG, BOT, KIEEFFEIAEYH]
FIDNE L WHLAR Y AT 2IIBNWTY, U TNy 773
57— OWER RSN LS 2 8 TT— 5 O iE
HOHIRT A2 ETML—AT =Y 2FHT 52 L2 HE
THHDT, ONDFREFLEOEMRE L THL EHS
M7 o7z,
4.3.6 Log Acquiring Server D# —/\ Ny K

“Log Acquiring Server” 28175 4 — /3 ~v NI, ¢
kD Ftrace E & JSON B LD TIFFRETH 5. fEk
DL — ZEEME & [FSED % — /3 v FT Log Monitoring
Environment (2B W T 7 I 7HIZ#EHT LY — v 7 7
T2 areEETLIDIAENTHS.

INHDOEENS, RRETFHEE, I —ANVNICEEL
AR =3y FOEMEREIZ L D, NELELAR DS
REABDR AT R ED Y AT LDAY Y a—1) ¥ 712
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52 2BEBOEZE/NS (L7 & & Log Monitoring
Environment (2B 2 77 7 FIEHT L7 7)) r—2 3
VERFEHETIDIIHEMTHAHI LT, v bT— 7
ENTHAR Y AT LD ML —AHEEAINT 2 2 LT,
WEALT 7V r—2a v 2] k-7 0 T H5DIZERTH
LI EDNHLNII R o7,

5. BAEIRRE

5.1 LTTng/LTTv

e ML — AR L L T, Linux Trace Toolkit
Next Generation (LTTng) & Linux Trace Toolkit Viewer
(LTTv) %% [5]. LTTng I3MEHED S — )L F L — A D
LIV AT LTV EHCTIL, —HEHTOEF Y T %
HlHT KA — NNy FO L —ZHHETH Y, Common
Trace Format (CTF) IZZHL72 ML —A T =% 1 —¥
Iy AR—= M5, ZHUIEEAKIC N L — 27—
YRAGFT B THAH. €L T, SSLIZLoTTF—% 23%4MF
L, & A MUCTEBT S LTTv T L CiHLT 2y —
V¥ Y FTHBD.

CTF 2fl42 2L THEDY = VTV AT =5 %
FHTAZENTEDL., T2, PL—ZHEDOL — /N~
MK, 2—HE[ICZ 7 AR—= L, I—F NV x@EL
TR LIRS 5. L2 L, LTTng TIE&Y —vid
I—HREMTEFTEINLIENE, TYTFAINZA v T
OB RT LI LI TE R, 2, AV PT—T %
ML THEDOS Y VT ML —AT =520 ) T 55
&, —WEEOY — VT 572012973 X by
A EV) MEPEH L.

5.2 TLV

Trace Log Visualizer (TLV) [6] X JLH T & iR % 52
Hys2ohHME ST 08 by —VvTh b, JHMEEZEN
T572DI ML —AT7— ¥ OEEREREZED, Ihriif
V=2 & o T —=FHHERH S e L 72l A TR ft§
5. PRI THALF R 2RI L, 2 — s &
RHEIZEDETHEST A2 ENTE 5.

i, ¥V FaT7xH%KR—FL7ZRTOS TH 5 TOP-
PERS #xf % & L72WHALY — Vv Th Y, HiAAk Linux
=AW L TRBAEY R— b 2SfTbhTwiwn,

5.3 SystemTap

SystemTap [4] |&1— #2235 L U — KR IVZEH D A X
YMEIRET A Linux D7 H—T7Y =L Thb. T,
RN, g S, theg, BN, R, FEkiE, %
EWOHRT, LELZDDOEEIRLTHHATES., I—F)
TNy FL—WERED T v TAZ ) T MEiEEESA
ATIAZINANT LI LICL o THEDA XY b &I
HZENTEA. LaL, SystemTap HIKIZZ— 2=/ T
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BETAHIEND, ATV a—1) I OEBELE L LT
M HLDT, AV TFANAL Y FDOT A A8y FIZ
WETHZ WML - AEEILETH 5.

6. LTV

AREHILTIE, HAA Linux Y AT A %38 & LTkt —
NNy R 7av A0 L — AEERIRE L, FEEFMM%E
iTolz. VAT AIZ N L — AT — & EFBMOAIA SN L
FL—AT—= Y HUSI OB L IZ5HEL, I — F IV
TT— ¥ %Wk T 52 LT, ERHMANOFEBELZHES LoD
FL—ZAF— % 2 22 EDTREIC R »72. PL—2
RICT—% 74—~ v PO e LT, FEH ERED
WA — NNy FOEMEEHEEZ AR Z LT, 0%
CDMNLV—AT—=F % AE)HNICRETEL L )14
ATLD)TIVE A LUANOFEL RS T Z &2 HELC
L7:. IM%E Linux ¥ A7 A ECEEFMZ 1TV, KRR
%, TERD Ftrace # A £ FICRE L2 GEBL O ML —
AT =7 % 2 —HEENS Ay NI — T Tk L2 GE s
W T o 72, 2O, RIEEHAZ, FHT40%D +
L= AT =¥ OEFHFTRETH D Z L DS % -7,

ML LT, 2—YEH~O 7O AL LEA
HOBFEREIAAR Y A 7 O 2 WS LoD, ERINS
FU—=ZATF =5 DA XEHIESE/ZZ LT, VAT LD
AT =) 7Rk N — 7 Onig e & O R IR
OO NL—AFTAHIEEAEIZLEZENS, VAT
LIZBITA ML AL LTHENTH AL Z EDHLH
7% o7z, FL—ZAMEE LTHERITH A Z LS DI
oz,
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