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Abstract

This dissertation proposes (1) design methodology of a database system
for applications that deal with sensor data and (2) an overload resolution
technique.

The first proposition of this dissertation is the design of a database sys-
tem KRAFT that provides high freshness, periodic monitoring, and time-
series processing of sensor data. I have designed KRAFT by considering
that sensor data are used to recognize real-world continually. To realize high
freshness of sensor data, I propose a Write Ahead-Logging(WAL) technique
with a remote memory and an idempotent recovery technique. To solve mem-
ory shortage on a remote memory incurred by rapidly incoming log records,
I have designed a fast check pointer mechanism and a memory management
mechanism. To realize periodic monitoring of sensor data, I have designed
a real-time scheduler based on FreeBSD KSE pthread scheduler. To realize
time-series processing of sensor data, I have designed an expansion of the
relational data model by incorporating an abstract data type that provides
similar sequence retrieval operations.

I have evaluated how KRAFT provides high freshness, periodic moni-
toring and time-series processing of sensor data through experiments. As for
high freshness of sensor data, I conducted an experiment with a monitor.
Period of the monitor was 1 second and period of sensor data was 10 milli
seconds. As a result of experiment, KRAFT could provide sensor data of
which freshness is 5 milli seconds. As for periodic monitoring of sensor data,
the KRAFT scheduler provides 279 times smaller gap between planned start
time and real start time compared with the round robin scheduler. As for
time-series processing of sensor data, KRAFT realizes similar sequence re-
trieval methods with the Euclidian distance and the DT'W distance by using
a SQL based language.

The second proposition of this dissertation is a light and imprecise WAL
processing of sensor data to reduce load of a database system. By executing
light and imprecise WAL processing with sensor data that are not read by
periodic monitoring, this technique reduces heavy load. This approach has
not been studied by any existing related work.

On a dedicated experiment system, the proposed method demonstrates
32 % better freshness of sensor data compared with remote memory WAL
technique of which protocol is TCP.

From the results of experiments, this dissertation concludes that pro-
posed studies have shown (1) design methodology of a database system for
applications that deal with sensor data and (2) an overload resolution tech-
nique.
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Relational Data Time-Series Data(Non Relational)
(date, id..) (earthquake data)

@

_ Same tuple format as above
_ Same tuple format as above

Same tuple format as above
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2.1.3. O00OUOO0OoobobOoOooon
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gobooodg
OS

gooo

00 114cm O 52cm O O O 50cm
39kg
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0o0ooooo 100
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200 0000000000000
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000 0000000000000 0000000D00000 (Arrival Time)
O00000000000000 (Value)DOOOs =<at,o>00 a0 00000
0000000 at(s)dv(s)J00000

odobobobboodoooobobbbbibibdououunn sU speqqd
O000000000000000000000 s0 Syyeagd 0000 O Sypeag O
goobooogbobosbbooooobn

00 22 (0000000000O0O)

O000o0O0o0ObOo0ObO0o0obOo0obDOoOoDbD SbooooSbh sobbooobo
0000000 Symeag 000 ST Sumreadd Sreag D0 000 SO Speaq 000000
Sumread 0 00 Sumreaq 00 500000000
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Do0oooopdioooiooooddl pl psweny DOOOOOOO0O0O00O00O0
00 p0 Pucer 000000 patrony D Puea 100 00000000000000
gosugoboogdbbugobooodbbuogoob sgubbobboon
gbouogbobodbooobuoobbodbooboobbooobbooboon
OackO0O00000O0O0O0O0O00O0 paamgOOOO0OOOOOOOODODOOOOO
0 Pueay 0000000
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OO (freshness) 00 O (staleness) 00 000000000

staleness(s) = rt(s) — at(s) (2.1)

1
freShneSS(S) = m (22)
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00000000 (Planned Query Time) 0 PQTE; =T+ P,..., T+ NP(N OO
0)000000000000000000000000000000000 (Real
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0000000000000000000000 (Quuuep)00000000
aoon

Ouoooo = (RQTE, — PQTE,) 0000 (2.4)
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DoooobooobooooooropMbooobooboboooboonon
Oooooobo ROMDOOOUOODDOOODOORDMUODODDOOODODO TDM
OOoboboobooboobobooooob roMbOUODOO0OOoOoOoOD bBMSO
ROMDOOUOOOOODOODODOOOOODLD3ODOODOODOOobOOobOobOobDg
O000000000oooooo(@U yoooooooo 2300000000
00000000000 2)00000000000 APIDOODOOODOODOOO
O0000OD0O0O0O0OC0CO((DO3) 0000000 oooooooog
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D000 S, 000000

Ooog S,0 Sgbboboooboooooobobooobog

N
_(Sa, — Sg,)?
DiSteuclid(SA>SB) = \/Zk_l( ]\Ijk Bk) (25)

0000 [Keogh et al. 99|00 0000000000000000 (DTW)OO
00000000000000 d(Sa;,Ss,) = (Sa, — Sp,)?000 Nx NOOD
0000000000000 1<i<N,1<j<NO0O0OOODOOOOOOW
0000000 (1,1)00000000000000000000000(N,N)O
00000000000000000 w0000DTWOOOOOO0O00000
00000 w0 wy 000000000000000000000000kO1
000000040,;000000000000000000

K
L%saﬁw(sg,sg)::Innl{-iigﬁiﬁﬁﬁ} (2.6)

K

000D000000000000000000 (Quuuoy)0000000
HRERERN
QD oooog — TDMOOOO DiSteuclitﬂ Distdth gg (27)

234. 0O0O0OOO
gbbobuoooobboooobbboooob

QD gooo — p(sread) - pstrongD U Staleness<37“ead) gooo (28)
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obobobooboo4bo0boobobbob200bo0obooboobo

24.1. 200000040
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gboogobuogbbdodgbbodboooboouoobboobboobb 20
000000 Mohan 9|0 0000 WALOOOOODOOOOOOOOOOWALD
OO0oooooooooobooboboboboobooono SystemROODODOODO
000000000000 bO00ooO00bO0oo0oo0 WALOODOoOoooooooo
O00000000000000000000 [Gray etal. 01000000000
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Oo00000oo0o0obo0o0ob0 WALODOODOOODoOOoobDooooooo
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oo oobobobbobobobboboboboooonon
gbouogbbogouogbbuodobooobuobbooboobbuooboon
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3.1.2. 0J00OO0OO0OooobObOoOOoogn

0000000000000 00ooo00oooooo P*TIMEOOOOOOO
Seoul National University 0 0 0 00000000000 0OOOOOODOOOO
[Lee et al. 01, Cha et al. 04]0
P*TIMEOOCOO0ODOOOO310000000000000O00DOOO0O00
OO0 Primary DBOOOOOOO0ODOO0ODOOOOODODODODOOODOOODOOOO
OO0O0000O00O Primary DBOOODDOOODDODOOODOOODOODOOODOOODO
0000000000000 000 BackupDBOOOODOOODOO CheckpntMgr O
0000000 Primary DBOOOOOOOO OO OBackup DB O ChckpntMgr O 0O
OO0O000000000b000b00bdobuoobOn Backup DB a0 Backup
DBo+100000000000D00O0OOOO0OO Logh BackupDB1O0O0O
O Primary DBOOOOOOOOO [Lee et al. 0100 Backup DB2O0 OO 000
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ODO0D0O0000DbO000b0bDOBackup DB1OODODO Backup DB 20O 0O 0O0OOMO
O Backup DB1OOOOOO0ODOOODOOODOOOOODOOODOODOODODO
Backup DB 20O LogO U DO ODOODOOODOODODODOO

Recovery Myr

ket MCog MD

v 4 C v
Backup DB 1 Backup DB 2 m

0 3.1: PYTIMEOOODOODO

Primary DB

P*TIMEO O WALOOODOOOO OO Differential LoggingO0 O OO0 O OO0
000 [Lee et al. 01]0 Differential LoggingO0 000 200000 1000000
00000000000 00000000000000000000o0o0oOoon
0000000000000000000000000ARIESOQO [Mohan 99] 0
OO0O00000before0 0000 after DO0O0DODOO0OODO0ODOOOODOOOO
OO0O000o0oboboooboo XorROUbooooboobobooobob 200
OO00D0000000000 WALOOOODOODOoooOooOooooboooo
OWALODOOODOOODODOOOWALDODODODOODDODODODODDODOO WALOOODO
000000000 Differential LoggingOD O D 0D 0000 O0OOOOOOOOOO
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Differential Loggine 0 00000000 0OODOO0OODOODODOOOODOO
O03200000000000000003100000D4000000DO 31
0000 |0D0DDoDoODO0O0O0O0O0||DODO0O00000 00000000000
00000000000 0bO0O000bOoO0oObO0oobOoooO0ooooooDooo
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O000000O00bO0O0bOoObOO0bObO0bObO0obObO0o0ooO0oooDoooDooo
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00000000000 000000 [Chaetal 04000P*TIMEOOOOOO
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Primary DB

BL: Backup DB Loader
BR. Backup DB Read
BP: Backup DB Pl ay
LL: Log Loader

LR Log Read

LP: Log Pl ay

0 3.2 PYTIMEOODOOOOODOOO

031:400000000000

000 000 oooooo
Ll | {BR} — {BP} — {LR} — {LP} Tsr+ Tsp + Tip + Trp
L2 {BR|BP} — {LR|LP} max( Tpr, Tep ) + max(Tor, Trp)
L3 ({BR|BP}|{LR}) — {LP} max( Tsr, Tpp, Tor) + Top
L4 {BR|BP}|{LR|LP} max( Tg, Tsp, Tor, Top)
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3.1.3. U00O0oOoooooboboooobbboooooboboo
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3.1.4. U0O0OOOOoOobbObOoOoOoOoboOon

O000000000000000D0O0 P*TIME O Differential Logging O ClustRa 0
OO0 WALOODOOOOOOODODOOO WALDO Differential Logging 0 0 0 O O
000000000 0DbO000O0O0bO000O0o WALOODODODOoOooDooooo
OO000o0O0ooopooobDbODOOCOO WALOODOOOooooobobooooooo
Differential Logging 0 0D 0 OO0 O000O0OO0OOOO0O00ODO0OODOOODOOOODOOO
OO00000COO0 WALOOUOOODODDOD Differential LoggingO0 OO0 O OO OO
0000000000000 00oooooooo

0000 P*TIMEC ClustRa0 000000000000 OO0ODOOOOODOO
000002000000 1000000000000 D000O0DODO0O0O0ODDOO
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3.2. OOong

000000000000 0000000O000ooooooooon (bSMS)O O
0000000000000 00000 (RTDBMS) DO ODOO0O0oOooOOO

DSMSODOOODO DBMSOOODDODOODODOODODOODOOODOOOOOOOOO
goobbbbbboddgooooobbbbboooobboooboododa
gboooooouobobobobbboddooobouoonbbobobobbbouoa
000000000000 DO0000DLO00O00bO0ODO0O000DbDODO DSMS
goobboobobtbddgooouoboboobtboouooobobbobobbouoa
gooooooooobbbn

RTDBMSOOOOO RDBMSOOOOODOOOOOODODOODOOOOOOO
googoobobooboboobboobooboboooobbooboobon
0000000000000 000000000 [Abbott et al. 880000000
OO0 RTDBMSOODOODODODOOOOODOOOOODOOODOOODOODOOOODO
[Kang et al. 04]0

OO0O00000 DSMSO RTDBMSOOOOOOODO

3.2.1. 000O0OOOO0OOOOOOO (DSMS)

OO00oOoD 300 DbSMSOO0OOnoonooboono bSsMSObOooooooooo
obooboobooboobooboobon

3.2.1.1. STREAM

STREAM[Babcock et al. 02] O Stanford University 0 0000000 DSMSOO
OOSTREAMODO2000000000000000000000 DBMSOODO
goddoobobobbboobbbobbobbbobooobooooooooooon
gobbbogobbooooboooobooobbuooobbuoooboboo
goobobobbboboodoboobbobbobboddooubooboobbouuuna
gogoouoooboobbbbooboooooooboobbbboooon
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3.2.1.2. TelegraphCQ

TelegraphCQ[Chandrasekaran et al. 03]0 PostgreSQLO O OO OO OO OO DSMS
O000OTelegraphCQODOODOOODOODO STREAMOODODOOODODOODO
O00OTelegraphCQUO OO OODDODOODOOOOOOOOOOODOOOODOOO
OO0o00DoDo0ooooooooooo

TelegraphCQO DO ODOO0OOO0OO0OOO STREAMOOOOOOOOODOOO
0000000000 0ooooooooooooon

3.2.1.3. Aurora

AuroralCarney et al. 02] 0 MIT/Brandeis/Brown 00000000000 DSMS
0000 OOo0ooOo0obOoOoobogoooooboobobooogobooboooooo
O00 GUIDOODODOOPostgres0 00 00DOODO Michael Stonebraker O [
Oo0oOo0ooOoO00oOo0o0oo0oobDooobDoOobOboOobboobobOoooOoooDo
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OoOoooooood
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gbobogdgboboogb3gubbobbuoobbuooboboboogboboon
Dobobooobobobooboboobobobooboobobooboboon
OO000000O00o0o0oo0O0b0O0oU0b0OoUOKRAFTOOODODOODODOODOOODO
Dboobooboobooboobobboboobg

4.2.2.2.1. 0J0O000DOOO0 OOOODOOOOOOObOOOOObObOoOn
gbhoboboboobogbuodboobobobobbbobbbooboobogon
gboogbboggbbobuoobbuooobbbboobboobobboon
gboogodbogobugbbogboobobuogobbooboooobboon
gbbbuoodgbobbboodobbbuoooobbbuooobbodao

4.2.2.2.2. 000000 OO0OO00O0OOO0OOO0OO0OOOOOODOOOOOO0OO0
gooobooobobobboobboobboobboooobboobon
gboobobooobobboooobbbooobobooon

4.2.2.2.3. 00000000 OOOOOOOODOOOOOOOOO0O0O0OO0On
gbodbobodgbboboooboogbobbodobboobbogaboon
gboogoboobbodbobbuogbboobbobbbodgboooboon
gobbbbobbbbobotboddoooddobioooooooooobbbbbo
KallocOOOOOOOOO NULLOOOOOOOOODOODODOODODODODODODO
Dboboobooboobobobboobboobo4s0000

4.2.2.3. 00O0O0OOOOOODODO

4.2.2.3.1. J0000O0OOO0OOOOOOObOO DOoobbooobobooo
googbooobuodgboobobouoobbooboobboobuooboon
gobogdboooboboobboobooobooobbooobuooonbboon
gbobooooboboooaoobon
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\

~

gbobooooobobobooooboboodan
Oooooooooooo (ecpr)ooOO
ceropoobOoOobOoboOobDOobOobOoboboOoogon
ceTOO0ODOODOOODOODODODODOO
CpTOOUOODODDOODODO (DBS)OOO
cpropooboOoOoboOonDOn
DBSODOODOO0OOOOODOn

L CpTO DBSOOOODODOODOODODODOOOODOODODOD
/

AT

O 45 0000000000000O000

gboodbooobboobodbogbbooboboobuooboobbon
gboogbooobuoobbbogbuoobboobuoobboobuooboon
googboobodboobobooboobbooboobboobuoobobon
gbbobuoooobbboooobbboooob

gboobogobodbbuogooboobbooobboobbuobboon
gbouodgbooobuodbogbboobuoobboooobboobuooboon
gboobobbogoboogbobooobboobbuooobbooobboon
gbooboooobobod

000000000 0bO00bO0bObO0obO0oooOoboooooobooOonD oSO
gbobudbgbbogbobbobuogboboobobobobuoobobodon
gboobogoboboodbbuoobbooboboooboobboobobon
gboobuoodgoboood

oodoguobobobboogouoobbbooooobbbobooooog
gbubogoooobbbbbbuooooobobbbbbbbbbbbobbo
goobuoogobbbuogoobbboooobooboooonboon

4.2.2.3.2. J0000O0OOO0ODOOOOOOO0 ObhOOOoOobbhOoOoobOoon
gboogbobodbogbooboobobuoobbobooboonobuooboon
goobooooon

gbodbogbdbogbboobuooboobboobooboobbon
goobogoboobooobooboobbooboobboobuoobobon
gbogudgbbodboooboogbobuoobbooboboobboooon
googbobogboooboobboboobooboboooobuooboon
gboboooogboboooooon

D000 KRAFTOOOODOOOOOODODOOOOOODODOOoOooOoooooo
gbooboobudbgoboboobuogbobbobooboobobobon
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4.2.2.3.3. J0000OoooobbooboobOobb boobboobbood
goddddddddddddooooooodoooooooobbbbbn
gogdddddoooooooooogooobobobbbbbobboboboon
Dbobooboobooboobuoobooboobbg4s1b00boon
oo oobooboooooooon
gboogbboboobbogbobbuoobboobooboboobbodobn
godbobbboogdoooooouoooobboobbooobbbbbbn
godbogobuoobboboobbuoobbogboobbuogooboon
gbooboooobboboooobon
gbodgbudgbuogboobbobboobuoobooboobbobbon
gboobuogoobbbuoooobbbooooooobod

4.2.3. O000OO0OOOO
4.2.3.1. 0J000OO0Oo0oOooObOOoOoOoOooboon

gbouodgbbodboobbubuoobobuobbooboobbuooboon
OO0D00D00O KRAFTOOOOODODUODODODODOOOOODODODODODODODOO
gbouodgbobooobuodgbbobobdooboobbooboboobuooboon
gboogbobodggobuogbbogboobbuoobboobogoobboon
gbbobouodgbobbboooobbbuoooobbod
OO00000O0OOO0O000000oooooobD4600000DDOOTABLED
TUPLE_FRAMEOOOODOOOTUPLE_FRAMEOO xcontent 100 0O OOO
gogogogoobgbgbobbdobobobgobbbobobod4ednbon
OO00oOoooooooob INTODOODODOODOoOOOoOOSENSOR.SEGMENT
OoOooboobobooobooboobboo INTOODOoOobooobooboooo
10000SENSOR.SEGMENTOODODOUOODOOODODOO snext 0000000
000 SENSOR.SEGMENTODOUODODOOOOODOOOOSENSOR.FRAMEQO
O0O00000D0D00O0xsensor 0O0O0O0OOO0DOOO SENSOR_ FRAMEDO OO
O00000000OOO0SENSOR. FRAMEOOOODOOOOOODOO xcontent O
obobobooboobooboooboobooboo INTOO0OD 30000

4.2.3.2. 0U00O0OOO0OO0OO0OODOOOOOOOODO

047004600000000000000000000000000GCO0O0CO
obobbooboboobo4i10bo0booboobooboon
000000 “/dataroot/experiment/” 0 2000 00 00O “garbage” O “rela-
tion”0 000000000 “sensor/” 0O OO “relation” 00O O0O0O0O0OOOO
OO00O00bO0O0OD0%arbage” OOOOOOO0OO0O0ODOOOOOODOOOO0OODO

43



040 DOO00000O0O0000D0000000000000000000000000004

SENSOR SEGVENT SENSOR _FRANME
—  *next *next —
—i *sensor tinme 1_

*tai | Sensor —:] *cont ent

4
id=1 |int | * next |
] s=3

*cont ent TUPLE_FRANE
*next —j

A

attribute
*tail Tupl e
*tupl e

*next —
TABLE -4

% create table experiment(id int, sonar_data sensor_int)
% insert into experiment values (1, null)
% append into experiment.sonar_data values (3) where id = 1

0 4.6: KRAFTOOODOODODO
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OobobooobooboobooboobboobooboboobOobod “garbage”
gbbbuoodgbobbbooobbboooobbbuoan

000000 ¢/dataroot/experiment/sensor/” O “sonar_data/” 0000000
OO0D0O000oOoDo0bOoobouoboonog “garbage” O “object” DO OOOOMO
O0O0O0 “%bject” DODOODOODOODOOODOODOOODOO0ODOODN “garbage” 00O
gbbooodgbbboooobbboogbbbooon

0000 “/tableroot/experiment” 0 “experiment” 0000000000000

/

T

tableroot dataroot
| |
experiment experiment
A N
garbage relation sensor
|
sonar_data
/
1
/ N\

garbage object

O 4.7 KRAFTOOOODOOD

4.2.3.3. 000OO0OO0OOO

470000004600 0bopoonoooboobobobobobobobon
id 0 “/data/root/experiment /relation” D0 0000000000000 sonar_data
O “/data/root/experiment/sensor /sonar_data/object” 0 00000000000
00000000000 480000000NSM(N-ary Storage Model) 0 00 O
O0O0OD0O0OKRAFTOOODODO I)O0OO0OOOODOOODOOOOOOOOOOOOO
ooooOoOooOoOoODoOOI/oooOoOOoOoOoOoooo
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User’s View File Organization
(Logi cal Representation) (St orage Representati on)
1 kawasi ma 1 kawasi ma 2
2 sat ake — sat ake 3 |hirose

3 hi r ose Ihi rose

048 KRAFTOOOOOOOODO

4.3. U0O0OOUOOOOOOOO

4.3.1. 00O

O0000DO0O000obOObO0o0oooDbOo0bODbOOo00OoDOD KRAFTO
gbobouoobobboboobobuobboobobuoooobobogobon
gbbuooubuobobuooboobooboboobobobobuoooon
goggobobbougogoobboobon
goboodbbogbobuoooobobuogoboooboboobboboood
goooouobobbbobbbbibodooooooooouooobobobobod
gobodbboubgoobbuoobobodbbooobbooobboobood
490000
gbogboooubobobobobobobouobuobobobobobooo
OO0 wWALOUOOODOOOODOoOOooOooOoboooobooboooooo
gogdogbobbbobbbdodoooooobobboobobboodooooooon
gbogobooboobboobuoobboobobuogb41000bDO
goggobobbbouoogobbbbbooooooobobsbbbodgd

4.3.1.1. 0JO0O0O0OO0OO0OOO

0000000 (insert) 0000000000000 OOO (append) 0000
gobooobbooo4i11o0bobbooobbooobbuooobbooon
gbuo200bdgbgbogbuoobooboobobooobuoobuogogon
ggbbuogobbuoggbbodgbbogobooooboouobbuoooboobo
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Cient < Transaction Log Recei ver
Cient < Transaction Log Recei ver
Cient < Transaction Log Recei ver
Client KRAFT

049 000000goooodg

Cient < Transaction |y

Cient < Transaction ‘k -
dient > Transaction ‘/

Cient Dat abase System

0O 4.10: OO0 WALOODOO
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gbooboogooon

6-110 000000000 (insert) 000000000 0ODO60000O0OOOOO
000000000000 00 (0460000 “TUPLEFRAME”)DODOOOO
gbogbobubodbooobogbobuoobbodbbooboboboon
gbooboogoogooobod

o-1ogggooboobbbobouooobobbbbbooooooobbbon
gboogogobobbogboobuoobboobboobbogboooon
gbouodgbobooobuodgbboobbdooboobbooobboobuooboon
gbooboggoboboooobbooooboboboooobboboo

12-170000000000 (append) 0000000000 OODOO 6-1100
gooooogon

a N

1: C connects D, and D connects L.

2: L creates a logging thread for the connection.
3: C sends an operation to D.

4: D sends a log record to L.

5: switch (type of the log record) {

6: case insert:

7: D sends tuple frame to L and L sends ack.
8: D sends tuple content to L and L sends ack.
9: L gives offset of file tail for the tuple.

10: L increments the offset for the tuple.
11:  break;
12: case append:

13: D sends sensor frame to L and L sends ack.
14: D sends sensor content to L and L sends ack.
15: L gives offset of tail for the sensor.

16: L increments the offset for the sensor.

17:  break;

18: }

19: L sends ack to D.
20: D sends message to C.

C: client, D: database server, L: log server

0411 000o0o0oooon
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4.3.1.2. 000000000

a )

1: D starts and connects to L. with recovery port.

N

: L collects all of log records limiting in
committed transactions from log threads.

: L sorts the records by ascending time order.

: L sends all of the sorted records to D.

: D makes transactions from the records.

S O s W

: D executes redo of the transactions.
N J

D: database server, L: log server

0 4.12:. 000000000

U412000000000000000000000000000LODOO00
Doobooboobobooboo20booLooboobobobooboon
googogoboogbbodgbbogobboobbooboooboooon
oo oobbobbbon
O000 begnODOOOD0DcommitD OO0 OO0OO0OOOOOSOOOOODOODODO
gbobbuoogobbboooobobbodo

4.3.2. 0J00O0OOOO0O0ODOOOOOO0On

O00000oooooooobooooboooo3onoooooooooooooaa
O0O0O001ooMBOOOOODOOODOOOODODOOODODODOOODOOOOODOO
0000000000000 000000O0DO000000DOoDOooOooacprPyU
00000000 3GHz O Pentium 400 00 4GBO O OO OS O Linux Kernel-
242140 000000000O0DOD0OD000OCPUDOODODODOOO 2.4GHzO
Pentium 400 00 1GBOO OO OSO Linux Kernel-2.4.21-40 0000000003
O00000O000CPUDOOOOODODOO 2.0GHzO Pentium 40000 1GBOO OO
OSO Linux Kernel-2.4.21-40 00000000000 PTHREAD_MAX_THREADS
O0260000000000000000O0O0O0O0DO0O0000000O0OOOO

4.3.2.1. staleness(s) 0 O O

00 Robovie DO OO staleness(s) 00 42000000000000000 11
oooboooobboooobb240000bbboooobobboooobbba
RobovieUODOOODOOODOOO KRAFTODOOODOOOODOODODOOODOOO
OO000000000ORoboviemotorl DO OOOOOOOOOOOOODOOOODO
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01000000000000000D0 staleness(s) 0000000000000
Doooboboooboo4113bbooboobobooboobboobobooon
b 4140000

a I

% create table Robovie (id int, motorl sensor_double, ..., motorll sen-
sor_double, sonarl sensor_double, ..., sonar24 sensor_double)

% insert into Robovie values (1, null, ..., null)

% create monitor monitor_Robovie period 1s as select * from Robovie where
latest Robovie.motorl

% run monitor_Robovie during 300s

N /

0 413: 000000000000b0000O

while (1) {
append into Robovie.motorl values (1) where id = 1;
sleep(period of appender);

}

U414 000000000000000

0 4.2: staleness(s) 0000000

Number of appender 1
Period of appender | 10ms or 50ms
Period of monitor 1s

Duration of monitor 300s

0 4.150 staleness(s) 000 0000000000000 O0O0O0OOOOOOO
00000000000 staleness(s) 000000000000 1omsO0O0O0O0OO
10ms 000 staleness(s) D00 0000000000000 OOOOOOOOOO
OO000D0a0OpOy00D000 0.8020msH Ims0 OO0 OO0

04.15000000000000000 staleness(s) 0000000000 O10ms
bbogdbbd omsgdbboobdgbbudb 1omsbgboooooon
goobggboogbobodbooooboobobdsmsbDoonbog4.160
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12000 ¢

I T
Appender period = 10ms
Acceptable staleness --—--——-

10000 pa

8000 - —

6000 R —

4000 - —

Staleness(s) [micro second]

2000 - —

oL I I I I I
0 50 100 150 200 250

Number of monitoring trials

O 4.15: staleness(s) DO OO0 (000000 O =10ms)

T 1 1 T T
| Appender period = 50ms |
Acceptable staleness -------
744 0.3 J) S e —
T 40000 | .
Q
O
[0
(D]
o
£ 30000 - -
0
3
[}
[
& 20000 + .
)
n
10000 H —
o 1 1 1 1 1 1
0 50 100 150 200 250

Number of monitoring trials

O 4.16: staleness(s) D 0 OO0 (00 0O0OOO=50ms)
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O00000000000000000 4.16 000 staleness(s) J 50ms 000 00
OmsUOO0OO0OO0ODOOO0O0OO0OOOOO0OOOO
staleness(s) 000000000000 0OO 200000000

1. ogbobboooobbbuooobobbodao

O00D00D00000000000C0O()DDODDODODODOO0OODOO sleepOO
00000(oO00000000o0000oo0o0o00oooooooooO
0000000000 000000 KRAFTOOOOOODODOOOOOO
000M4)00000000000000000O0O0O00000OOO0O0g(s)
O00ack 0000000000000 QOODOOOOOOOOOODO(G) O
0000000000000 00O0sleep0000D0OO (2)0(B)0000OO
gboboooobbooobbbuooobbbuooobboooobbog
4.1 3000003200000 10000000000 330msO00O00OO0O0O1
0000010000000 300us00000000DO (2)0(G)0oooo
gobobobobboodoooogoobobobob iomsddonoobooogg
KRAFTOOODOOODOODO 103ms00000OC0OOOCOOOOOCOO
gbobogdno4221100000000000000000000000
gbboooobboooobbuooobboooobboooobbog
goooboogoobboooan

2. 000000000 KRAFTODOODOOOO

O000 “ntpdate” OO0 O00O0O00O0ODOOOO0OOO0O0OODOOOOO
KRAFTOOOOOOOODODOOOOOOOOOstaleness(s) OO OOOO
gbobooodgbobobooodabbob

04150000000000 10msO 000 staleness(s) D 000 4.10%0 0O
000000 staleness(s) 000000 freshness(s) 000D 00000000000
KRAFTOOODO freshness(s) 00 00000000000 OO0O0O0OOOOOO
0043000004300 0staleness(s) 0000000000000 OOOOO
O00000000000000 410%0000000000

staleness(s) 0 0 00000000000 OODOOOODODOOOODODOOOOO
0000000000000 00000000000000000O persistent(s) O
googbooobodbboobooobbooboobboobuoobobon
O00000000000000000000 4.15000staleness(s) 000000
gboobooooooood

000000 KRAFTOOOODOODO staleness(s) DO O O0O0OO0OO0OO0OO0OO0OOO
00 KRAFTO Qpopp 000000 0D00ODOOOO
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0 4.3: staleness(s) D00 000000

00000 [00000 [000 [000
(ms) (%) (ms) | (ms)
10 4.10 104 | 6.23
20 2.25 23.9 | 11.2
30 1.13 304 | 16.1
40 0.38 94.1 | 21.6
50 1.13 50.4 | 26.3
60 0.00 58.2 | 29.7
70 1.50 76.4 | 357
80 1.12 80.4 | 43.0
90 0.37 90.6 | 44.7
100 0.00 98.6 | 50.3
4 N

1: 000000 X00od

2:000001ID0 myiddOOO

3:for (i =0;i<X;i++) {

4:  append into X.myid values (i) where id = 1;

5: }

U417 0doboboooooobon
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4.3.2.2. J0O0O0OOOO0OOOOOOO

staleness(s) D0 00000 KRAFTOOOODOOODOOOOOoOooooooono
googooboboobboobbooobooboboobobboobobboon
gboogbobuooobbodgbbogboobbuoboobobbooboon
googoboobooobobooboooboobbooobobooboon
Dooo417gpooooobooobooXogo wobgsobobobobn
OO0O00000 myidO0OD0OO0O 3200 2240000000

04180 0000000004 180000X0000000OO00OOO0OLOO
O0000000YOOOODODODDOOOOUODOOOoOoODODOODOOOOOKRAFT
gboobooggbbobodgooobbbuooobboboog 320000400
Oooboobobooobuooboboo41900bb0o41900b0000 ND
DoooboooboNObDDbOooboobboobboobboobbooo
OO0 KRAFTOODOOOOOODODODOODOOoOoOOoOO

04190002000000000000000000O0DO0ODODO 100000
b 12800000000000 10000000224 00000000000000
OO00000D000Opthreadcreate OO0 O0DO0O0O0DO0OOOOOOOOOOOODO
gboooogobooooooooon

10000 T

I I I
Concurrency =32 —+—
Concurrency = 64 ---
Concurrency = 96 ---

Concurrency = 128 - :
Concurrency = 160 ---=-—
Concurrency = 192 ---o--- Jol
Concurrency = 224 ----e--- - -

X

D %
L ]

8000

6000

4000

Average execution time [Milli second]

2000

100 150 200 250 300 350 400 450 500

Number of append operations

0418 000000
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9 T T T T T I T T T
Times =1 (Concurrency = 32) —+—
Times = 2 (Concurrency = 64) ---x---
8 Times = 3 (Concurrency = 96) ---*--- -
Times = 4 (Concurrency = 128) &
Times = 5 (Concurrency = 160) ---m—
7 Times = 6 (Concurrency = 192) ---o-- -
Times = 7 (Concurrency = 224) ----e---
5‘ 6F e o -
S @ A O —mmmmm -0
N © [ o n
® 4+ o me T _
.g g - / ,,,,,,,,,,,,,,,,,,,,,,,,,,,, e B B
§ Sr Ko e Koormmmmm T Krm e x
2 D B D S K m e el x
1F .
0 1 1 1 1 1 1 1 1 1

100 150 200 250 300 350 400 450 500
Number of append operations

0 4.19: 320000000

4.3.3. 00O

0000 Qnopp DOOOOO0DODOODOOOODODOOOOODDOOOOODO
O00D00000D0OD0 KRAFTODODODOODDOODODODOODODOODOODO
gbbodgbboobbodgbboouoooboooboooboooboon
gboooboobon

4.4. O0OO0O0O0OOOOOOOOO0O

4.4.1. OO

gbbouogbbuoobobuoobobooooobodobuoobboobboooon
gbogdbbogbbuogobbooobbooboobboobbbboboon
gobbobouoooobbbbooooobbbod
gboboobobgbooobobobobuobooboboboboboonod
gbobogbobogouobobuoooboobuoobbuoobbuoooboooon
gbbodbboobboobbooobbuobobooboooboooboon
gobobooobuogobobbuoobbuoobbuoobbooobooboon
gbobuogbouooobooobboobbuoobbuoobbuooboboooon
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gboogobugbbogbooobuooboouobbooboobuooboon
gbbooodgbobobuooobbbooogn
gboboogoboboboogobbbooogoobogon

4.4.1.1. 0O0OO0OODOOO

gbhobobobodougbobobodoboboobobogboboa4200000
l1b0b0oobobobooboboobobooboboboooobobo
gboogooobbodboooboooboooboobboobooboon
Do2000040000000000000000DO0OODODODOOODODOODO
gogdbbobobobobobbibobooooooobobbbbbbboooobionon
gboogbooobobbuoobbuoouooobobboobooobooboon
gbobuogoboogbbboooboboggsugbobobuooobobooobboon
DoboboooobbobobetbO0bOobObDOO0ObODObDODOOOD
O0o000000ooooo/ocoood

a I
ggbbobuooooboboboooon

do {

goooooooo
}while(DOO <000000D0)
gogoooooooobon
gbooobgobobobbobooboob

AN S vy

0 420: 000DO0DOO0O0DOO00DOO0

4.4.1.2. 0O0OO0OO0OO0O

googouogoogbbodgbbogboobobuoouoboobuooboon
Oo04210000
20gg040bobobooodoobobbouoooboboboobbooooboon
gbbugobbodgbobboobuooobbooobbuooobosbboan
gboobuoogobobboooobboboogobbbuooobbob

44.1.3. U0O0OOOOOOODO

gboogoboobbuodbboobooboobooooobbobooooboon
Dooo4220000103000000000000000bO0DOOODODOODO
gboogooobbuodgbbbboboooobooooobboobooboon
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fl: while (1) { h
2: if(0000000o0ooo0o){

3: gooooooobobbon

4: }

5: gboooboooogd

6:

\_ : J

0 421: 0000oboooboood

0000000000000 000OoO(l)0bOoO00D0UD0oOOLODOOOoO0oOO
goobuogboogboooboobbogbooobooboobobooboon
ooooobo

060000000000 bODDODObDOOOOObObObLODBOOOUODLO
Doobdobbobobobobobobobobobobobobobooboobob
ODBOUOOLOOOOODOODLODbDObLObDObOObObLObLOobLDOObLObOD
OoboooobooooboooboboooobobobooobooobBOOOOOOO
gboogbbogbogbbobodgboobbuodgbooooobuooboon
0000000000000 00000000O0OO000ODOOoOoOoOOoOn o)
gboogugobogbbuogbboobbobogbobbuoobbooban
Dbooboobooboobgd

09goboboobboooboboobooobbooobboobboobo
Dooboobobobobobobobobobobobobboooooobon
gboobbogbbogbooobuoobbuoobobbobuoobboobon
Doooobobobobobobobobooooboooboboobobob
O0000000000000000000000000000 ERTF(Earliest
Release Time First) 0000 0000000000000 O0OOOOOOOOOOO
ONOOOOON+1)ODOOO0ODoOooOoooooooooooooooog
googobogbboooooboboobboobboobobbooboon
Doobdboouooboobobo bBoboboboooobbbobdn ND
gooboooobbbooooobobooo

4.4.2. OO

4.4.2.1. 0O0O0OO

0000000 FreeBSD 5.3 Release(5.3R) 0000 PthreadDOODOOOOOO
O00000000000000OSO0O00O0O0O0O00OO”/usr/sre/lib/libpthread”
O00D00D00O0FreeBSD5.3Release D OO -pthread D O OO OO0 O0ODOOOOO
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\

~

if(0000000000DooooOoOoOoono){
gobobooooooon

}

elseif (00000000 DOOOOOODBOOOOODODO){
ggboobouoogobon

}

elseif (0000000000000 OOOOOOO0O){
gogbboboooobbboooobobboooooon

LRI OHE BT

0422 0000000000000

O0OO00lbex 0000 kseDOOOO0OODO0ODOOODOODODOO

1: gopooogopono
2: make && sudo make install
3:  gce -pthread ... 000 KRAFT O make

0 423: 0000000000

FreeBSDSO OO0 O0O0D0DOOO0O0O00000O0O0COCOODODDODO Scheduler Acti-
vation(SA) [Anderson et ol. 910000 00O 0O O O OKernel Scheduling Entity(KSE)
OoO0o0oooO0oooooooob sApDooooobooooooDbobooooDooo
OO0O00000000O0oobOOo0obOdLbex 0000000 OOOOOOOOO
DobbobObbooboooobbuoobbuooooobbooobbboobn
0000000000000 00oooooooooo(UTS)oDoopoooooo

4.4.2.1.1. 00OO0OO0ODOOOOO0OO0OO0O0OO0O OOOOOOOOOOOOUTSOO
00000 0FreeBSD5.3Release [0 pthread O O O O pthread_yield 0 00O O 0O O
OO0 Opthread_yield DO O OO UTSOOOOOODOOO 4240000

4.4.2.1.2. 000O0O0O0O0ODOOO OOQOOOOOOOOODOOODODOOOOO
00 O O O pthread_set_release(long long release) 00 0000000000 O0O0DO0O
00000000 struct pthreaed D000 00O 0O 0O 0O OO struct pthread 0 0 O O
struct pthread attr OO0 0 attr OO 00000000000 O0O0DODOO long
longO O release 00O OO0OOO0OOOOO
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e I
pthread yield (00O O0O0O0O000OOOOO)

_thr_sched_switch

_thr_sched_switch_unlocked

thread_enter_uts (0 0000000000000 0OO)
_i386_enter_uts (CPUDO Intel DO OO O)

kse_sched multi(D OO O OO00OO)

AN S > vy

0 424: yieldOOOODODOODOOODODO

e ™
1:  kse_sched_multi
2:  kse_switchout_thread
3: (000000000000 (PS.RUNNING)) {
4: _pgscheduleertf (00O O0O0O0O0O0O00OODO)
5:
N : J

0 425 00000000

pthread set release D 0 000 000O0O0O0OOOOOOOOOOOOOOO0O
Orelease 000000000000 DOOOOOOOOOOOUTSOOOOOOO
OO000000O0o0bOOoooooDbon

4.4.2.1.3. 0000000 DOOODOODOOODODOOODODOOOODOO
000000000000 kse->sched_queue->sq_rung->pq-lists; 00 00 OO
00000000 THR-MAX_PRIORITY - THR-MIN_PRIORITY + 10000
OO000000THRMIN_PRIORITY O THR.MAX PRIORITYD 00O OODO
O0D0D0DbO0000D 10000000

0000000000000 0D0O00D000O000 ksessched multi 00O 4.25
OO0D0D0DOO0bOooog

000 pgscheduleertft DO OO0 4260000

4.4.2.1.4. 0OJ0OD0O0O0OOOOO0OOOOOO ODOOOOOOOOOOOOOOO0
gboogbobodboooobbodgboobbuoobboobobbooboon
googobuodbboooboobobodboooobbooobobooboon
gbouodgbooobboobbooboobbooboobboobuooboon
gbooboooobbboooobbbooooooboboooobboboooon

OO0000000000 Pthreed0 000000000 ODOOODOOOODOOO
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4 ™

1: extern void

2: _pq.schedule_ertf(pq_queue_t *pq, pthread_t pthread)

3: {

4: int prio = THR_MIN_PRIORITY;

5: pthread_t work;

6:

7:  PQSET_ACTIVE(pq);

8:

9: work = TAILQ_FIRST(&(pg->pq_lists|prio].pl_head));
10:  while (1) {

11: if ((work == NULL) ||

12: (work->attr.release < 0) ||

13: (work->attr.release > pthread->attr.release)) {
14: break;

15: }

16: work = TAILQ_NEXT(work, pqe);

17: }

18: if (work == NULL) {

19: TAILQ_INSERT _TAIL(&(pg->pq_lists[prio].pl_head), pthread, pqe);
20: }
21:  else {
22: TAILQ_INSERT _BEFORE(work, pthread, pqe);
23: }
24:
25: if (pg->pq-lists[prio].pl_queued == 0) {
26: pq-insert_prio_list(pq, prio);
27}

28: pg->pq-threads++;

29: pthread->flags |= THR_FLAGS_IN_RUNQ);
30:

31: PQ.CLEAR_ACTIVE(pq);

32:}

0 4.26: ERTF OO0
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googbobogbuodgbbobogboobboobogbboobuooboon
OO0000000b000o00oboOooSOuOUnbDOd FreeBSDO OO OOTOPPERS
OO00OO0b0obOob0ooobogoooSbObobouoboboboooo

4.4.2.2. 0J0O0OOOOOOODO

O4200000000000000000000D00O042r00000D0O0ODO
Ooo0oooobobobooooobobo cooboboooooobooboon
gboobooooon

4 N

release_time = get_my _release_time();
pthread_set_release(pthread_self(), release_time);
do {
current_time = get_current_time();
if (currnet_time >= next_release_time) break;
pthread_yield();
} while (1);
invoke_executer();

© XIS IH LN

register_result_to_answer _list();

U427 0doobooodgn

44.3. OU00O0OOOOOOOOOOOOODOO
4.4.3.1. 00O

000000000000 (PQED2000)0000000000000000
0000 (RQE02000)000000000000000000000000
00000Quuuon = RQE; — PQEDDDODDO0DDOODODDODOODOODOO
00000000000000000000

4.4.3.2. 00O

OO0O0000D00000O0OKRAFTOOODOODOOODOODOODOOODO
OO00O00INTOOOOD INTOODOOOD100DOO080bO0booon

% create table r (id int, s sensor_int)
% insert into r values (1, null)
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gobodgboggbbilgooodbbilobboobooboboodob 100
OO0O00000000OO00DOOoO000O0oOnD KRAFTOODOOO

C% create monitor release_test period 1s as select * from r J

4.4.3.3. U0

KRAFTO DBOOOODOOOOOODOOOOODOOOOOODOODOOOODO
ODBOUODOOODOODOOODOObLbOOOODOOobOobOoboOoboboobOoD
O “run monitor” DO O OO0O0OOOOOODOOOOOOOODOOOOOODLOOODO
OO0 “releasetest” 0D OO O0DOOOODOOOODOOODOODOOODOOO
gboogugbdbbooboooboobboobbuoobbodgbbboon
goodgboboobuodgbbougooobbooboobboobuooboon
gbouogodbogbobugbbodbuoobbuoboooboobbooboon
gboogodboogobuogbbogobbuoobbooboobbuooboon
gbbouoogobbooogbon

4.4.3.4. 0O0O0OO

Dbobooboobooboobuooboobobobob 4280000

DoOoobobooboboobboob0 ERTFOOO0ODODOOO0OLbOO0ObLDOn
Doo42900000000000000020000000 174000000060
Doooooboolwoeooobob 1400000

04280 0000000000000 ERTFOOOOOO0OOO0OOODO 4300
ERTFOOU0OO0O0O0OD 43000000000 1oo00b0bboobooboonog
OO0o00s5p00000000000000000DO00O0O0OOERTFOODOOO
gbooboogoobbobuoooobobuoooobo

4.4.3.5. 00O

4.4.3.5.1. ERTFUOUO0O0ODOO0O0OO0 OO0OO0OO0ODOOOOOODODOOOOOOD
i ooooooobooon
gboobuoooobbbuoooobbobuoooobo

44352, ERTFOO000O(DO0O0O0O0O0O0O) ODOOOOOOOOOOOOO
gbhogbobuogudobbodgbboooboobboobbooodbbooon
gboogbobuodgbbogboobogbooboobooobooboboon
Doooboboboboboboboboboooobobobbobobob

62



040 DOO00000O0O0000D0000000000000000000000000004

3500 T T

T T T
Round Robin —+—
Earliest Release Time First ---x---

3000

2500

2000

1500

Jitter[micro sec]

1000

500 | -

0 N2 N2 N2 N2 N2 N2 N2 N2

100 200 300 400 500 600 700 800 900 1000
Number of Concurrent Monitors

0428: 00000000000 (ERTFOOOODODOODO)

800

T T T T T T T T
Comparison —+—
700

600

500

Times

400
300

200

100 1 1 1 1 1 1 1 1
100 200 300 400 500 600 700 800 900 1000

Number of Concurrent Monitors

0429 00000000000 (ERTFOODOOOOOOOODO)
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T T T T T
Earliest Release Time First —+——

Jitter[micro sec]

2 I I I I I I I I
100 200 300 400 500 600 700 800 900 1000

Number of Concurrent Monitors

0 430: 0000O0ODO0OOOOO (ERTF)

gboboggdgbbogbboobobogbobooboooboboooboon
gobbobooooobbobooooobob
gboobooooboboboboooobobboooobobobobod
gbobodgbbobbodbboobboobobogboooooboooboon
gobbobooogbobbboogobbbbooooobbboood
gbobodbbobooooboooboouobboooooboooboon
gbobogbbogbobuooboboogbbooobooobbooboboboon
gbbodgbbogobbuoobooooobboobboobobbuoobboon
gbbggboogbobodgboobodboobobuodobbooobuoobbog 431
good
0431 00000pipelined 00000000000 ODOODO Osequential OO
guddddudg 43igoodoooooooooouooooooooon
gobbbooogoobbbooogbbbooocogdbbbbooooob 12p0
gbogbobobobbobobobobobobobuoooobobooobon
gobooboboooodn
gbbodbbogboooboobbuoobboobbooboboboon
gbobodbogobooobuooboboobboobboobobbooboon
400000000000
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T T T T T T T
Earliest Release Time First (Sequential) ——
14 1 Earliest Release Time First (Pipeline) —->--—-

= =
o N

[ee]

Jitter[micro sec]

100 200 300 400 500 600 700 800 900 1000
Number of Concurrent Monitors

0 431: 00000000000 (ERTF, 00000000 0D OOOO)

4.4.3.5.3. U00OUO0OOLOUOOO0OOOO0 OObbOOOO0bDbOOOobObOoOoOoOobon
gbbuogbbogobbuoobooboboboobboobbooboboboon
O0000DO0000DOO0OOKRAFTOOOOODOOOOODOOOOODO
ggbobobobbuodogoooobobbiodoooobobboooooooboboo
gobbbodoooobboboooobobbbooooobo

4.4.4. 00O

0000 KRAFTOOOOOOOOOOO ERTFOOOOO0O0O0OOOOERTFO
000000000000000071400000000000000000 1000
00000 (RQE; — PQE;)0000 5. 0000000000000 KRAFTO
Quoone 0000000000000

4.5. U0O00O0UOOOOOQOUOOoOOn

0000 KRAFTO Quuppo 00000000000
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4.5.1. OO

Ouoooo 00000000 0OKRAFTOOOOOOO00000000000000
0000 Disteueia(Sa, Sp) O Distas (S, S5) 0 D0 OKRAFTO SQLOOOOOD
oodooogooooooo

0000%123)’00000000000
Disteyciia(S4,55) <10 000000000 RobovieO OO OO0 sonarl DO OO
O0ooooooooooooboooooooooooooonon

select * from Robovie where simseq external Robovie.sonarl [1,2,3] with
euclid < 10.

O000000Osimseq externalll “O000000O0O0O0O0OOOOODOO0O
00007000000 with euclidd “ 00000 Disteygia(Sa, Sp) D007 O
00000000 euclid0 dtwO DO OOOOOO0O0O00O0OOO Distgw(Sa,SB)
Ooooooooooo

00O Oexternal O internal 0 latest 0 DO OO0 OO0 OO internal O O O
O0000dooooobobObDlatest0000O0OOOOOODOOOOO

O000odoooooooooooooaon

select * from Robovie where simseq internal
Robovie.sonar1[1][0,0][1081238444,0] with euclid = 0

Robovie.sonar1[1][0,0][1081238444,0] 0 0000 “ID0 1000000000
00 UNIXOODO 00 0000 010812384440 007 000 O
00000000000000000000

select * from Robovie where simseq latest 10 item of Robovie.sonarl|[1] with
euclid = 0

simseq latest 10 item of U OO0 000 1000000000000OOO
O00000000D000000D0000070000000 simseq latest 10s
of DD O0DDO“DD 10000b000obodboooobooboooDoon
OO00D0O000oOoOooO”000n

4.5.1.04. 00000000 O0OO0oOoOooooooboboboobobbbbD43200
00000000000 bruteforece0000000O0O0ODOODOOOODOOOODO
googbooobuodgboboobodgbooooboobboobuooboon
Doobobuooboboobobooboboblibobooboboobon
Doo200007000000000O0O00DO0DOO
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gouodgbogbobodgbuogbbogobuogbobobobooboobobon
gbbobuoooobbbuooaobbbuoodaog

a N
1: Set W(Q);

2: for (i :=0; 1 < M; i++) {
3:  Calculate d using W(Q) and W (S;);

4 if (d meets condition(e.g, =0, <10, etc.)) {
5: Creates a new SENSOR_SEGMENT;
6: Copies W(5;) to it;
(O
8: }
N %

@: Query sequence of length n

S: Sequence in database constituted of M elements
Si: Subsequence of S starting i-th element of length n
d: Distance between () and S;

W: Window for @) or S;

0432 0000o0oogooboobogg

4.5.2. 0J00OO0OOOOO0ODOODOOOODOO
OOOOKRAFTOOOOOODOOOOOO 30000

e select sonarl from robovie

— {100, 110, 120, 130, 100, 170}

e select sonarl from robovie where simseq external [100,100,100] with euclid < 10

— {100, 110, 120}

e select sonarl from robovie where simseq external [100,100,100] with dtw < 10

— {100,110, 120}{110, 120, 130}{120, 130, 100}

000000000000000 Disteyaig 0 Distgey, 00 44000000000
0 O Disteyaiq 0 Distyn, 100 00000000000000

000000000 00KRAFT O Diste,giq 0 Distye, 000000000000
00000000000000000000000 KRAFTOOD 2000000
000000000000000 brute force 0 00000000000000
0000000000000000000
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0 44: 000000000 Disteeig O Distguw

Subsequences | _

in database | D'Steuciid | Distatw
(100,110,120} | 7.45 | 4.47
(110,120,130} | 12.5 | 8.00
{120,130,100} 12.0 9.17
{130,100,170} | 25.4 174

4.5.3. 00O

0000000000000 00O00O0KRAFTO Quuupp 000000000
0000000000 00000000000

4.6. U0O0OO0OO

00000000000000000000000000000000000000
00000000 KRAFTOODOOOKRAFTO Quooo uoooo Woooon O

gbooooooboood
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Juouoodbobootddun
Juoogduoboogd

0343000000000000000/000000000000000000
0000000000000 000000000000000000000000
000000000000000000 Quuueg 000000000000

5.1. 0OOOO

00000000000000000000 p(Sunread) — Pueay 1000000
00000 p(Sreaq) — Pstrong 000000 staleness(speqq) 000000000
000000000 p(Sread) — Pstrong 000 0000s,,,0000 2000
00000000000000 TCPOOOOOOO0DO000000 ackOOO0O
00000 pep(Sreed) O 00 00 0 peep(Sread) — Pstrony D0 000000000
P(Sunread) — Puwear 00000000 sumeee 0000 2000000000000
00000 UDPOOOOOO0OOOONONO0DDO00N0ON00000N00 ackOO00
000000 ack00000000000 ack00000000 p(Sunread) — Pueak
0000000000000 000000000000000000000000
00000000000000000000000000000 p(Suwwe) 000
0000000000 Sume 00 000000000000000000000
00000000 pudp(Sunread) 00 0 0 0 O pudp(Sunread) — Puwear 0 000
00000000 0Sumreadd Pudp(Sunreed) D00 000000000000000
000000000pud(Sunreed) 000000 peep(sreeq) D00 000000500
0 Sunreqe 000 000000000000000000000000 pudp(Sunread) —
P 00 000000000000000000000000000000000
00000000 100000000000pe9:00000000000
00000 Symead D Pueay 000 00000000000000000000C0O
0000000000000 000000000000000000000000
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poouooood pudp(sunread)ﬁpweakDDD pudp(sunread)DDDDDDDDD
gbbbuoodgboooobbbooobbboooobo

5.2, UOOOOO

A
@/ UDP® 7/ 43|
[—

A

=27 —-] (= P

Z

/ / BRISA A=y bT—5
E I DI Gy Doe sy 77 il s 77 a0 1)

T I WA o D087 7 7 Nl 57 7 g

1 A N S

Y

| 7795 —var |

gs1: 000000

bobogbbooodgbbooobbuooobbobboogbsi1bbuogn
gobogobbogooslibboooobboobboobbuooobboon
godb2u0odbobobogbgobodgbobobuoooobobd 1o
gboogobuogobdoboobboobooooobuoouobobooobon
gbouogbbodgbooboobuoobobuoobbooboobbuooboon
gooboooooood

godbobobuooboboboubobobobobonbuboboban
goodgbooobuogobbobogbbobbodbbodbbodbooon
00 sO000O0p(s)000sO0DBOOOODOOOOOODBOOOO:O0O sO
DBUOOOO:O0O0DOOO0ODODOODbOO:O0DbODOO0OD0DOO0ODDbOODbDDbDO
.10 000000 10DBOOOOIO sODOO0OOODBOOOOIOD sOODOO
o000 l1gogooboboboboooobobobuoboo bBOobobOon
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gsl:0000400obooo

goo 00

OooogIb gbobooogobbooan
OoOooobooIb goooooooobobooon
gboooooobbbd jbuooobobbboooobn
gooogd goobooooooboobod
S pudgnbnooog

OO0 sOb0odbogbbodbuobbuooooobobooooonooboon
OOO0O0O0ooObpBOOOOOODOOOOOO0OODOOOOOODOOOODOO TCP
gbooboooobood

ODoOOoO0obDvubPOOOODOOOOOTCPODOOOOODOOODOOODOO
DbobboboboboobooboooboobooboobuoobuoovubkO
ODoooooooboTCcepOOOOODOOOOOODOOOOOODOOODOO
gbogboodgbboobobbobbuoobboobooboooboooboon
ooooon

5.2.1. OD0OOOOOODODO
5.2.1.1. OO0O0OO0

gbhobugouobobuaobobuidbob0bodibds =<at,v>0000
godbdsbobbodouobobobuobobobooobobobooban
b s100000s51b0000boo00booooooggbbuooobboonn
O0000000O0APPENDORECOVERYOSWITCHO 30000 0APPEND
OsO00000000D000000000DO0O0OD00O0O0ORECOVERYDOOODO
ODoO0o0DOoO0o0ooOoOoOoooOoOooooOoOooosSswiITcHODOOoOooDoOOo
gboobobooooobobboooobboboooobood
OO0000Db0b00sOO0000 DBOOOODOOOOO b 20000DBOO
gboobobedogyboooobbbuoogbbbuoooboooobbooon
OOobobooobog20b00b00b0oooobooobooooob bBOOOO
gboobuoooobbbuoooobobobuoooon

5.2.1.2. 0O0OU0O0O0O0OO0OOOOO0O0OO0OO

gboogbobuogbbdobuodgbbogboobbuoobioboooboboon
gooboos200000 5200000000000 0000O0b0bLO0O0OOn
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052 DBOOOODOOO

oo g

gooooIb gobbobouoogobbodao
gooobogoIb gobbobogoobobogao
gobobooon gobbobooogbobodgo
OO00O0000 0&1 s

00000 0&1 gobbobooogbbodao
000000000 0&l |p(s)D00000O0O0ODODOOO

0ooooo
0000000000000 0000000000000000000000 0
0000000000000000000 (10300)0
000000000000000000000000v00000s00000
00 p(s)00000 (60001400)0

70000 s000000000000000000000000000000
00000000000000000000000000 Sypee 0000000
00 Sy 000 S, 000000 50%000006,0000000000000
0000000000000000000000000000000000000
s00000000000000s0 Sunread € Sunreed 0 0 00 p(s) = Pudp(Sunread)
0000000000 sO Sread € Sunread 00 00 p(s) = prep(Sreaa) 0 0 00
000 s0000000000000 (1501600)000000000000
0000000000000000000000000000000000 (170
2400)0000000000000000000000 413000000000
ack0000000000000000000000 (400)0

5.2.1.3. OUOO0OOO0OOOOOOO0OObOOOd

Os2023000000000000000000O0OOOO0ODLDOOn 530
goggs3u3iiooooboboobbobbobbboobbbbobbbobobn
goobobobobboogoogaos2f200bbbbbbbooooooon
gbobodgoodbbdagboooboobbuobboobboooboboboo
gogdbogboboobogobuoobobuoobbooboonobuooboon
gbbbuoooobbbooogbbobuoooobbobuooobbodao
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50 D000000000000o0oo00oooodggnd

-

1: 00oooon;

2. J00000000DO00O beOOOOO;

J: ooogoggds;

4: while (1) {

5: guoddodvoodsgou,

6: oooooolooo;

7:  if(s00D0000){

8: 10 UDPOOOOOODODOO;

9: }

10:  else {

11: 100 TCPOOODOODOO;

12: OTCPODOODOOO ackODOO;
13: beOOOODOODODODOODODOOODOODOODO;
14:  }

15: beODOOODOOODODODOsODOO;

16: bcO 100000D0O0O0;

17:  if (beD MAXO D D) {

18: OTCpOOODOOOSWITCHDOODO;
19: OTCPOODOODOOO ackODDOO;
20: becO 00 ODO;

21: gooooooon,

22: gogooooboobo;

23: gooooooobbobbn;

24: }

25: ackOOOOOOO;

26:
g }

g s2000000b0bobou0040on
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gbooobooboibobobboboobooboobuooboobg;
gobobooooobobooooonb;
obooboooibbobobooboobgd

gooboogd;

L

gs3:gbgobobbobooboob

5.2.2. 0O0OUOO0OOOODOO0OO0OO0

00000000000 $,.,000000000000000000 540000
0DBOOOODODODOONDOD20000000000000ID00000
00000000000000000000000000000000 120000
0000000000

0000000000000000000000000000000000 Patrong
0000 p(s)000000 s,0000000000000000000000
0000000000000000000000000000000000000
0000000000 staleness(syeqq) 00000000 00 patrong 0000 p(s) O
0000000000000000000000000000000000000
000000000000 0000000000000000000000000
0000000000000 540000000000000000000000
000

00000000000000000000000000 10ms0000000
000000000000 000000000000000000000000
000 540000000000

5.2.3. 0OOOOUO
5.2.3.1. 0OO0O0OO

gbobooggbbboogbbougobbuoogos3guuuuoooaa
0 UDPOOOOOOODOO:O0TCPOOOODOODOOO:ODO00D00DOODOO
gboboobobobuogobouodbg20buggboobooboonoboon
gbbuogdgbbodbbuoobbuooobs3bbbooubbbooobbaan
godgddobobbibbbibbooodddoooooooooooooonon
TcCeOOOODOOODOOOOOOTCPOOODOOOOODOODOODODOO
OoOOoooOubPpOODbOOODLDOOOODOOUDPODOOOOODOOODO
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N = O

p—t
w

© XTSI N

Oo0o0ooooIboboOoooooooooaono;
sbe=00000000 be-1;
while (sbe 1= 0) {
if (sbc 00 Speqq 0 O p(Sread) = Pstrong){
sbed O sread OO O
oooood;

}

else sbc —;

}

:00o0o00noooooo;
:she=0000000-1;
3090 0000ooo;
:00o0ooooooooooo;,

Us4 000000000000

gs3: 00u00aoooo

goo g

gooooIb gobbobouogoobbodao
OO00O0000 0&1 s
sgbobooogooboogao

Doooooon 0&l | ropopppo ypPOOD)

5.2.3.2. UDPOUO0OODOODOOOOODOODOO

UbDPOU0ODOOD0OO0ODLOODODOOODLOODSSO0OO0DO2000 sObOooonod
DobobooboobbooobobooboboboooIiboboobobbooon

OsODO000oboboboooooon

5.2.3.3. TCPUOOUOOODOOOOOOOOODO

TCPOOOOOODOOODOODOOOODOGbGeOOOO7TODOO soOOODOO
DoboboobobbooobobooboboboooIiboboobobobogn

UsODUO0oooboooogooon
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50 D000000000000o0oo00oooodggnd

1: 0goboboboobooboob,
2:s0gpgoogoogn;,
: 00b0booooouppbObOOOO;

O 55 UDPOOOOOOOOODOOODOO

-
1: 000,
2: while (1) {
3: ooooodooog;
4:  switch (D0OOOO){
5: case APPEND:
7 sdoooooooooo;
8: Ooo0ooOoooOo TCcpOooOoOoOoOO;
9: oooood;
10: if(000000){
11: ooooooooono,
12: }
13: break;
14: case SWITCH:
15: ooooooooooo;
16: break;
17}
18: ack 0 0O 0;
19:
L ¥
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