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Abstract

The objectives of the research were to (1) design the architecture of the Interactive
Learning Management System (ILMS) using Crystal-based Instruction on Mobile Augmented
Book to enhance analytical thinking, (2) develop the mentioned ILMS, and (3) study the
implementation results of the ILMS.

The samples were 66 third-year undergraduate students from the department of Computer
Science and Information Techonology, King Mongkut’s University of Technology North
Bangkok. There were three groups of 22 students, collected by cluster random sampling. The first
group was the control group taught by a traditional method. The others were experimental groups
including a group who studied with the ILMS on Mobile Augmented Book and the ILMS using
Crystal-based Instruction on Mobile Augmented Book respectively. The Operating System
contents for Computer Science program were taught during the twelve-week implementation
period. Data were analyzed using mean, standard deviation, #test and ANCOVA.

The findings revealed that the the ILMS using Crystal-based Instruction on Mobile
Augmented Book to enhance analytical thinking was comprised of three core-systems;
(1) Augmenting System for content display system on augmented book, (2) Student Response
System for interactive quiz on mobile, and 3) Smart Sharing System for resource sharing and
presenting. They interacted with Crystal-based Interaction including (1) Development and
Information, (2) Presentation and Evaluation, (3) Correction, (4) Crystalization and Final
Correction, and (5) Final Polishing. A #-test was conducted to study the pretest and posttest

comparision. The findings revealed that the posttest score was statistically significant higher than



the pretest score (p < .05). An ANCOVA was conducted to analyze the pairwise differences
among the adjusted means for the treatments. The LSD procedure was used to control error across
pairwise comparisons. The results showed that the students who studied with the ILMS using
Crystal-based Instruction on Mobile Augmented Book had significantly higher analytical thinking
scores, controlling for the effect of their pretest, than the students who studied with the ILMS on
Mobile Augmented Book and the traditional method (p < .05).

(Total 258 pages)

Keywords : Interactive Learning Management System, Crystal-based Instruction,

Augmented Book, m-Learning, Analytical Thinking
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a 4 o e 1 a [
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(1IUA1 HHD
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MNA 2-3 UAAINIITD MagicBook Billinghurst (2001)
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uren w39 udni ldiszurana aniunzai e wadouiununmes iy 14 uddaa
NMNHAY (Computer-generated Images) 2OANNHNINVOUAAINA

@ J ) Y . . . 2
11198010015 (AR Book) @145 Collaborative Learning (Rambli, 2012) 3uu3aanis 19
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1. UfduniussznIeanguaany (Social Interaction) Iagauyddymvausnlungu
1 = [ o
sauilonuiimsud lu
2. M3T0A13 (Communication) THermFnawisodomsnumoudilgymlngad
3. MalidIus I (Engagement) dndnlunguinmsuanilaoudeyauazanuiag g
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aa A ' A o A 9 J o '
a93ue (QR  Code) 1’73f]ﬂ'IWﬂ'lchV]ﬂ']ﬁuﬂL@']llﬁﬂﬂlﬂW']g ﬁﬁ@ﬁlsﬁﬁgﬂﬂlcﬁumj@iﬁ“!‘ﬁuq

] A o I
(Location-base Service) (YU WA GPS nla

—

UARING

a J = o3| a a 2 a o
MNN 2-4 @Qﬂﬂigﬂﬂﬂﬂlﬂx‘lmﬂjuiﬁElﬂ’JHJL“IJH%NLﬁﬁJ (NOULNYTH LA Waad, 2557)
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Image Analysis

'/_—. (Marker Detection)
e

(oo
3DP

D Posesof the markers

e — 3D Graphic
—
Rendering

Marker Positions in images

o\

MNA 2-5 UEAAINTHNIUYDITEUD (Hamilton, 2011)

A v J

QR Code (Quick Response) (Law, 2010) Ao3Haunaaediia W3ou13 Inaaeala (Two-

A o U

Y H
dimensional Bar Code %30 2D Bar Code) ﬂﬂﬁuﬁuiﬂamumﬁm%m@ U Denso-Wave

Q
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Yagiuswaunsaesdatonldnuodraunivatenalan anuazvossHaunIninaIang
Y = = o v A o a . 4’4’ (=
Usznoualsgadmasual (Black Modules) 90503 1uanyaiza1319n3a (Grid) UUNURAIT
9 9 . = ! dy ! Y A 1 Y
917 13z noudIedoyaias Error-correction $49A1Ma11929nN01UA81AT0991 (Reader) 1187
(% I 4 1
uilandudludoyaiiveldause 1
9

A d o ] Aaa ] o = a3 Y FY A Yy
GUf]y'ﬁﬂm‘l]ﬁlu3Wﬁl!ﬂﬂﬁ@ﬂu@l@gﬁlu§ﬂllﬂUﬂﬂ]&lii]ﬂﬁ'lll'liﬂlﬂ‘l]Gllfliallavlﬂﬁaﬁﬂfuﬂ llﬂl!ﬂ

A21a% (Numeric) 49A214 (Alphanumeric) ¥oyalUu13 (Binary) 1agdnbIAuUd (Kanji) 3991
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Ifawnsonudoyawiiatoniny (Tex)) deArsoNoggor1iuoavouIu el (URL link) doya
a 1 o o v a . Y &R Y o ' d,; v ' Yy
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NN 2-6 $19819THAUNITDINA (Denso, 1994)

4 < 1 A
ﬂ1§1\1ﬁ 2-1 Lsﬁmmmﬂumsmu%uﬂmmaz%uﬂ

Maximum character storage capacity (40-L)

character refers to individual values of the input mode/datatype

Input mode max. characters bits/char possible characters, default encoding
Numeric only 7,089 3% 0,1:2:3.:4.5.6:7-8._9
Alphanumeric 4,296 51> 0-9, A-Z (upper-case only), space, $, %, *, +, -, ., /, :
Binary/byte 2,953 8 I1SO 8859-1
Kanji/kana 1,817 13 Shift JIS X 0208

117: Denso (1994)

a { < Y T Aaa
Input mode AovHiadoyainulusiauniaoia

A ) Ad ny 1 g oo o
max. characters AoviAgagavestoyainyla iuilusiusnyse

<3 ! Y ' Aaa
bit/char Ao ANWGIZIgATuMIBUToYAIINTHAUNITDITA

[

. . a { < o
possible  characters, default encoding APFHAVEITBYANTAN VLAY AITITH A

EY

(MUAINLY)

- 1. %erzion infornimtion
2. Formiat infarmation
Z Data and error correction keys

# 4. Required patterns

E 4.1. Pasition
E 4.2 Alignmeant
-

- 4.3 Timing
-

5. Quiet zane

NN 2-7 Tasaai s wWanunaaeaiid (Denso, 1994)
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o d 1 4 < Y
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O Augmented Book O

Play
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v 1] Y
PMWN 3-13 msaammuwﬁ’nmmmﬁamamﬁ@w‘EJ UUIALASHUUIUDY
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paiiouaznInens s SumIwan eai
323.1 insesiiouazninonsdmsunseauane Uszneude
32311 1nseanouianeinelszuiana (CPU) ANNIE) 1.8 GHz
323.12 szuunsevie]ians Wireless LAN (802.11b/g)
32313 Aesaszuniudnines Apache 2.0
3.2.3.1.4 aﬂ&waWﬁm%’izwgm%ya MariaDB 10.1
3232 wsesilouazninensdmiumswannaseniinddmTy Clients
3232.1 1A309RBNTINGS Mac szUVUF1AMST OS X Yocemite fnng
Xcode 8 tioiaOUNAATUSNTVFLUY 08
32322 IA3eneuiiames PC szuuUFiiRns Windows finsa Java 8
118z Android Studio ieWaLBWARFUAMUSZUY Android

3.2.3.2.3 115un5Y Text Editor Sublime @1%151 Mac 1ag Windows
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student enroll course teacher
id (PK) id (PK) id (PK) id (PK)
user_id enroll_id ’1 course_id teacher_id
name student_id (FK) title: name
email course_id detail email
password semester teacher_id password
department section /—H chat_channel
section
g quiz_reply
quiz_score
i id P
quiz_chapter - s i (PK)
id (PK) ) T studentid (7K
user_id
chapter_id course_id
course_id
title section
chapter_id
detail chapter_id
score
course_id B question_id
remark
flag selected
) shortans_id
quiz_qguestion score
quiz_current id PK)
d = question_id (FK) S
course_id — quiz_cholce
= course_id 5
section chapter_id i i
B = choice_id  (FK)
- question id
question_id ype R
chapter_id
Sl answer 5
question_id
e fitle
select_gtype flag
id (PK)
value quiz_replyshort
label id {PK)
ordering answer
2 v
NN 3-15 HAUMNFIUVBYATSUU
= vy Al o a
M1919N 3-1 M1314 course HHINNUUBYAI1IN
Field Type Collation Attributes Null Default
id int(6) No
course_id varchar(18) utf8 general_ci No
title varchar(100) utf8 general ci No
detail varchar(254) utf8 general ci Yes NULL
teacher_id varchar(64) utf8 general _ci No
chat_channel varchar(18) utf8 general _ci No




&3

d’ 9 A d 9 = ~
M1319N 3-2 A5 enroll HHINUNUUBYANTIAINSIUYULTEU

Field Type Collation Attributes Null Default

v id int(6) No

enroll_id varchar(16) utf8_general_ci No

user_id varchar(64) utf8_general_ci No

course_id varchar(18) utf8 general_ci No

semester varchar(18) utf8_general_ci Yes NULL

section varchar(8) utf8_general_ci Yes NULL

dt datetime Yes NULL

a . ¥y A3 v A ~
AN 3-3 AN quiz_chapter HHTNNVUDYATIYTDUNLIYU

Field Type Collation Attributes Null Default
~  id int(6) No
chapter_id int(3) No
course_ id varchar(18) utf8_ general_ci No
title varchar(100) utf8 general_ci No
detail varchar(254) utf8 general_ci Yes NULL
flag tinyint(1) No 1l

Y { g °
A15199 3-4 A5 quiz_question HENNAVMDINVBILUUNAT DY

Field Type Collation Attributes Null Default
7l id int(8) No
question_id int(6) No
course_id varchar(18) utf8_general_ci Yes NULL
chapter_id int(4) No
question text utf8 general_ci Yes NULL
type tinyint(2) Yes 1
answer int(2) Yes NULL
image varchar(40) utf8_general_ci Yes NULL
dt datetime Yes NULL
score int(3) Yes il
flag int(2) Yes i

4 { < o 1 o
ﬂ151\‘1ﬁ 3-5 #1514 quiz_choice WﬁTﬁ!ﬂUiTﬂﬂ1i@nLﬁ@ﬂﬂl@ﬂLLﬁagﬂTﬂTN

Field Type Collation Attributes Null Default
T | int(6) No
choice_id int(6) No
course_id varchar(18) utf8_general_ci Yes NULL
chapter_id varchar(20) utf8 general_ci Yes NULL
question_id int(6) Yes NULL
title varchar(254) utf8 general ci Yes NULL
ordering int(2) Yes NULL
hasimage int(2) Yes NULL
image varchar(40) utf8 general_ci Yes NULL
dt datetime Yes NULL

flag int(2) Yes 1
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\ M d ' °
31997 3-6 A5 quiz_current wﬁ'wﬁmuamuzmimmmu

]

Field
IR - |
course_ id
section
chapter__id
question_i
status

Type
int(6)
varchar(12)
varchar(2)
int(3)
int(3)
tinyint(1)

d

Collation

utf8_general_ci
utf8_general_ci

~ ¥y A3 9 A 9
M91N 3-7 AN teacher HINNNVVDYATIYTONADU

=il

Field
id

teacher_id

password
name
email
lastlog

Type
int(6)
wvarchar(64)
varchar(e4)
wvarchar(64)
varchar(e4)
datetime

Collation

utf8_ general_ci
utf8_general_ci
utf8 general_ci
utf8 general_ci

d‘ . ] o Y
AN 3-8 A5 quiz_reply HUININUAINDVUDIRITYU

Field

Y

] id

user__id
section
course__id
chapter__id
question__i
selected
shortans__i
score

dt

flag

Tvype
iNnt(6)
wvarchar(6<4)
tinyint(3)
varchar(16)

int(s5)
o iNnt(6)
int(2)
d int(7)

wvarchar(12)
datetime
int(2)

Collation

utf8_general_ci

utf8_general_ci

utf8_ general_ci

a Yy A v A ya
M1919% 3-9 €19519 student HUINNVUDYATIITOHLTY

Field Type
= id int(6)

user__id wvarchar(64)
name wvarchar(100)
lasthame varchar(100)
department varchar(10)
status varchar(10)
remark wvarchar(128)
section wvarchar(5s)
password varchar(128)
lastlog datetime
email varchar(50)
image wvarchar(<45)

Collation

utf8 general_ci
utf8 general_ci
utf8 general_ci
utf8 general_ci
utf8 general_ci
utf8 general_ci
utf8 general_ci
utf8_ general_ci

utf8 general_ci
utf8 general_ci

Attributes

Attributes

Attributes

Attributes

Null
No
Yes
Yes
Yes
Yes
Yes

Null

Null

Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes
Yes

Default

NULL
NULL
NULL
NULL
0]

Default

NVULL

Default

NUE L
NUE L
NUE L
NUE L
NUE L
NUE L
NUE L
NUE L

Default

NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL
NULL

Y {13 o -
M15199 3-10 71519 quiz_replyshort ﬁﬁlTﬁLﬂ‘UﬂM’E]‘ULL‘U‘UETu (Short Answer) "II’ENE?GEIH

Field Type
v id int(6)
answer varchar(256)
dt datetime

Collation

utf8 general_ci

Attributes

Null
No
Yes
Yes

Default

NULL
NULL
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M3197 3-11 A5 quiz_score wi’hﬁmmmuumsmuuumﬁau

=1

&5

Field Type Collation Attributes Null Default
id int(6) No
user__id varchar(64) utf8 general_ci No
course__id varchar(12) utf8 general_ci Yes NULL
chapter__id varchar(28) utf8 general_ci Yes NS
score float Yes NULL
remark varchar(254) utf8 general_ci Yes NUELL
Initial . Final
Access Exit
e —_ Repeat
4 € -
P Sign in /| Question & j
- — > .
Sign-in Page \ )i Previous

Display
Scrore

Trigger

options

Next Question

Check answer

- Submit

- Marking
Feedback - Record score
Page

Display histogram

<«——  Histogram

View score

/A 3-16 aan laszunsumsausEuUNAgeUtos (Interactive Quiz)
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i
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Send an item
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S —

[More] / :
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f_

—_—
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and choices
(Multiple-choice)

— -/

Update command ID
Trigger(timestamp)

Return(code content)

Mark and feedback

type it

[code 1] N
121 3 Show a question &
an an input textview

[31 —

P i i s s i
Show a question
and options

type 3 (Poll)

Show marking
|/ result
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Update scores — Render Histogram

Ul Thread
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o Authentication and Settings
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View Scores Live Chat
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I 1 3 ] o
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1oya A

3245 nadeunazdsziiuniseonsulaonaaosnunguidisoud lilengu
(% ' v I 1 o dy
A0819 (MW, 2556) Tagtaiseanii 3 nguaALl
Aa . I
3.2.4.5.1 M3lsziuiuuseynna (One-to-One Evaluation) 11/1UN13
a’l o v % o 4 g
nAAeIATILIN Tae1n1snaaeInuUnAnYI1TIUIU 3 au lenado sz ULIToIAY

Y] ' Y 1w e ) 2 ERTNY o ] o
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o 9 A

[ 4 ?1’/ [ o ?1’/ 1
dunmwal mimiwhdeyahn ldumlsulzudly udrihmsnaassluduaeld
a 1 < Id
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M99 A-1 ARFHANNEAAADI (IOC) YDIUUNAADUMIAANATIZH

) . AR udiFeImay . . R
VDA TN A1 10C [y Naﬂ'li‘].]ﬁ%mu
1| 23| 4/|s

1 1|1 1 1 1 1 ML aY
2 1|1 1 0 1 0.8 RYPTRETo e
3 1|1 1 1 1 1 RYPTRETo e
4 1|1 1 1 1 1 RYPTRETo ¢
5 1|1 1 1 1 1 ML
6 1|1 1 1 1 1 ML aY
7 1|1 1 1 1 1 ML aY
8 1|1 1 1 1 1 ML aY
9 1|1 1 1 1 1 RV PTRETo e
10 0| o 1 0 1 0.4 Tsimanz e
11 1o ] o | o 1 0.4 Tsimanz e
12 1|1 1 1 1 1 RYPTREToEY
13 0| o 1 1 0 0.4 Tz ey
14 0| 1 1 1 1 0.8 Mz AU
15 1|1 1 1 1 1 ML aY
16 1|1 1 1 1 1 RYPTREo e
17 1|1 1 1 1 1 RYPTRETo e
18 1|1 1 1 1 1 RYPTREo e
19 1] o0 1 0 1 0.6 RYPTRETo e
20 1|1 1 1 1 1 ML aY
21 | 1 1 1 1 ML aY
2 | 1 1 1 1 ML aY
23 1|1 1 1 1 1 RYPTREoEY
24 1|1 1 1 1 1 ML
25 1|1 1 1 1 1 RYPTREoEY
26 1|1 1 1 1 1 RYPTREoEY




M13197 A-1 (AD)

anuiudiFema .
v . . : A I0C wae | wamssziy
dosow | 1 | 2 | 3
27 1] 0 1 0.6 ML
28 1|1 1 1 RYPTRETo e
29 1|1 1 1 RYPTRETo e
30 1|1 1 1 RYPTRELo e
31 | 1 1 ML aY
32 | 1 1 MY
33 | 1 1 ML aY
34 1] 0 1 0.8 ML A
35 1|1 1 1 RV PTREo e
36 1|1 1 1 RV PTREo e
37 1| o 1 0.6 RV PTREo ¢
38 1|1 1 1 RV PTREo e
39 | 1 1 RYPTRETo e
40 | 1 1 RYPTRET e
41 11| oo 0.8 ML A
42 1|1 1 1 RYPTREo ¢
43 1|1 1 1 RYPTREo ¢
44 1|1 1 1 RYPTREo ¢
45 1|1 1 1 RYPTREo ¢
46 | 1 1 MY
47 | 1 1 MY
48 0 1 0 0.6 MUY
49 1|1 1 1 RYPTRETo e
50 1| 1 1 1 RYPTRETo e
51 1| 1 1 1 RYPTRETo e
52 1|1 1 1 RYPTRETo e
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anuiudiFema .
v . i : A110C mae | wamsisziiuv
Fomay
53 1 1 1 1 1 ML aY
54 1 1 1 1 1 RYPTRETo ¢
55 1 1 1 0 0.8 RYPTRETo e
56 1 1 1 1 1 RYETRETo ¢
57 1 1 1 1 1 RYETREoEY
58 1 1 1 1 1 ML
59 1 1 1 0 0.8 Mz AU
60 1 1 1 1 1 MY
61 1 1 1 1 1 RYPTRETo e
62 1 1 1 1 1 RYPTREo e
63 1 1 1 1 1 RYPTREToEY
64 1 1 1 1 1 RYPTREo e
65 1 1 1 1 1 ML aY
66 1 1 1 1 1 ML aY
67 1 1 1 1 1 ML aY
68 1 1 1 1 1 ML aY
69 1 1 1 1 1 RYPTREo e
70 1 1 1 1 1 RYPTRETo e
71 1 1 1 1 1 RYPTREo e
72 1 1 1 1 1 ML aY
73 1 1 1 1 1 ML aY
74 1 1 1 1 1 ML aY
75 1 1 1 1 1 ML aY
76 1 1|08 | 1 0.8 RYPTREToEY
77 1 1 1 0 0.8 RYPTREToEY
- 7

AU® 10 11 Uae 13

[N Lﬁ’t]\‘l‘iﬂﬂﬂﬁﬂﬁ

Usziiiua 10C wun himunzay
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M990 A-2 wamslsziumanuenetazsIuIuunNTaael

o ﬁi’m'suﬁmugﬂ AN (p) A1 MUN (D) | mMssiiu
1 20 0.57 0.25 1918
2 13 0.37 0.25 1918
3 27 0.77 0.25 1914
4 24 0.69 0.33 1914
5 14 0.40 0.25 1914
6 12 0.34 0.42 1914
7 19 0.54 0.25 191
8 14 0.40 0.33 1918
9 27 0.77 0.25 191
10 10 0.29 0.33 1914
11 19 0.54 0.58 1914
12 27 0.77 0.42 1914
13 31 0.89 0.08 1912l
14 27 0.77 0.33 1918
15 22 0.63 0.33 1918
16 11 0.31 0.42 1914
17 24 0.69 0.33 1914
18 26 0.74 0.25 1414
19 22 0.63 0.25 1914
20 12 0.34 0.25 1914
21 21 0.60 0.42 1414
22 17 0.49 0.33 1918
23 24 0.69 0.33 1918
24 25 0.71 0.42 1414
25 26 0.74 0.33 1914
26 21 0.60 0.42 1914
27 26 0.74 0.50 1914
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M3131 A-2 (AD)

T ﬁi’m'suﬁmugﬂ AN (p) A1 MUN (D) | mMssziiiu
28 26 0.74 0.33 1918
29 17 0.49 0.75 1918
30 18 0.51 0.67 1414
31 24 0.69 0.33 1914
32 27 0.77 0.42 1414
33 11 0.31 0.33 1918
34 26 0.74 0.00 EA LD
35 19 0.54 0.42 1414
36 17 0.49 0.75 1918
37 12 0.34 0.33 1914
38 10 0.29 0.42 1914
39 18 0.51 0.33 1914
40 23 0.66 0.25 1914
41 25 0.71 0.42 1414
42 18 0.51 0.33 1918
43 17 0.49 0.25 1318
44 23 0.66 0.50 1914
45 25 0.71 0.33 1914
46 21 0.60 0.75 1914
47 27 0.77 0.25 1914
48 31 0.89 0.08 EA D
49 27 0.77 0.42 1414
50 16 0.46 0.25 191
51 12 0.34 0.67 1414
52 21 0.60 0.50 1414
53 34 0.97 0.08 T4l
54 18 0.51 0.42 1914
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M3197 A-2 (AD)

o ii’m'mé'mugﬂ AN (p) A1 MUN (D) | mMssziiu
55 9 0.26 0.33 1414
56 27 0.77 0.25 1914
57 9 0.26 0.25 1914
58 5 0.14 0.08 T4l
59 32 0.91 0.08 IEAHED
60 10 0.29 0.75 1918
61 12 0.34 0.25 1914
62 14 0.40 0.83 1918
63 23 0.66 0.25 1914
64 19 0.54 0.75 1914
65 18 0.51 0.33 1914
66 30 0.86 0.08 19120l
67 13 0.37 0.33 1914
68 20 0.57 0.42 1914
69 18 0.51 0.67 1918
70 29 0.83 0.08 T4lai' 1
71 24 0.69 0.33 1914
72 27 0.77 0.25 1414
73 26 0.74 0.33 1914
74 10 0.29 0.33 1914
75 11 0.31 0.92 1414
76 15 0.43 0.25 1414
77 12 0.34 0.42 191

= 9 A 1 9 A o o

AAADNUBADUNNAIANNYIN (p) T5¥IN 0.20 - 0.80 LALUDNUAIDIUIIULUN (D)
g ' 2 ° 9 ' A 4 9 y Y P S a s o
e 0.20 Gllullﬂ TUIU 60 VD ‘ﬁ'lﬂ'lﬂ'l'liJl“ﬁ@uuﬂl@ﬁ@ﬂﬂﬂﬂﬂﬂjﬂﬂi“ﬁ?ﬁﬂlﬂ@i-i“ﬁ’lﬁﬂﬁu

(KR.20) 192171 laaanuiarot 0.887
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M99 A-3 LUUNATRUMIAANATIZH

sﬁam/’s’mqﬂszmﬁ/%aau M3INTIZH
o : msionld System Call a2 M3 T A03
1 volatimsisenld System Call oeAsEneY
n. *ue n WalWdienans
v. Tlsunsufugil while videyaludaulsozisd
f. miﬁmammimﬁ'ﬁm (Square root) UD3 48
1. M3nsadoya (Data Encryption)
2 Yolalimsisenly System Call oeAsEneY
n. X =max(a, b,c);
v. *Fopen(filename);
A, i+t
4. For(inti=0;1<8;it++)
3 volanansnnuduiiug ldgndes Anuduniug
n. a=c*d-floor(e); , system.out.print(data);
¥. printf(%d”, score); , value = cos(angle);
fl. *read(filename); , scanf(n);
4. open(file); , ¢=min(x,y,z);
4 ageummnesuTsunsudszmanamazunumasvenini ey TavTdsunsy | vidnns

sredoyann g data vimiuilszuianandaiusea §1 methods &
Average = 0; Open(datafile); Calculate(scores); Print(score);
aaumshaulagndos
n. User mode > Kernel mode > Kernel mode > User mode
9. User mode > Kernel mode > User mode > User mode

f. User mode > User mode > User mode > Kernel mode

4. *User mode > Kernel mode > User mode > Kernel mode
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g o
e/ iagisyasaAoaou

a L4
NI1IUATICH

5 volafondnmsauiielinsizonly System Call wanms
n. M39191861910 User mode 191g Kernel mode
v, *M3919111861910 Kernel mode 1491¢ User mode
f. ﬂ”ﬁﬁ%ﬂm%ﬁd Program safety mode
q. miﬁmumﬁd Procedure mode
& Ama s & Ao o g 1 o
6 ITVUNIN W3VMA05 RA RB RC RD Bavaizimaunuasedszuiana Wann3
g‘/ k J 1 ) 4
MINUUTNTITON procedure FIABINMTAIAINITINADT 8 3 1AL 6
myhaulagndes
1 a 4
. FEINITINNBIN Stack
¥, @I Register
A. @YY Block
.. dwuyude v. uaz .
g a 1 d‘ 1
{HOM : MIAANDTOA1TTZHIN 11519d 1111 Shared Memory
2 I v Ao w { o a a 1 4 ] J
7 @ddadulisndirngndeoniminnsanlumsaadedeaissernnallsya | enlszney
1 1 o ng d' 1 [
AUN KU Taslgnung mnu
N. *bounded-buffer
9. unbounded-buffer
A, 9IUIU Producer
4. 9IUIU Consumer
8 volanannulenlvlumsfadedeassenielsaniinms 1y Hanms

] o 1 @ @ A o w
nieauiswiu Iaeldiiesnlivunasina (Bounded-buffer) gndos
4 o = A4 o s 3
n. Producer ¥gA5010IWIN 03101 Consumer Hgasatio1 WD AN
A o g A o Jd 1
¥, Producer #gA301U9WN©$319 Consumer vigaso1DIWINDI 4
y o 7 y o P
A. * Producer vigasotilovilodidn Consumer vigasoiiofWiosing

A o J A o J 3
3. Producer ¥1gA301U1WiN©$919 Consumer ¥igasoilip I Wino3 1A
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M3199 A-3 (D)

I
ien/iagisyasadoaou

MINAIIZH

9 fmuals method dosomethingl lumsaadedoasseninalsma riu
mamissanui e Fiuimiimle 33 i il
public void dosomething1(Object item) {
while (count == BUFFER_SIZE)
//do nothing -no free buffers
++count;
buffer[in] = item;
in=(in + 1) % BUFFER_SIZE;
}

Y

$1711ualy BUFFER_SIZE TAWMINY 5 4agA1ved count LAg in

' o [

Y
azHNAUNIAY 3 1z 4 Ma1ay $15m15i360 19 method dosomething!

2

Y Y
12 a5e anludauls in aedianilumily

Hanng

10 Holatinalnmsmaumuidedny Producer-Consumer Tunsaadedoans
AUNIUNIY Shared-Memory
n. *Huuualava
v, udany
A, AUAUAIEIUN

A PIMs lsausy

o v J
ANUAUNUD

19 v o o
11 volatanuduriusouluszuunsiauves RPC

fl. *client, stub, server

2

client, system call, server

f. client, firewall, remote host

Lo

client, gateway, remote host

o

ANVTUNUS
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& 0 . . . . . .
WY MIMAULUY Multiprocessing Multi tasking Multi threading

o . 4 v
12 FoAUDINITIINULLY Multithread Aov0 A aeAYszneu
Y o
n. o ldtidszaninmgndesiniu Ay
o Y v v o q¥ ° S g 2
v, *mMauldndeunu ldnaimsiauasasivu
o Yy 9 (% o 9y 9 ] o ds!
a. Mo ldndeusurarsau i limsldwiieanuswinuu
o ) v o q ¥ Y A 2
.. malgndeusu i ldms il szurananaianuuinuuy
o dad { 9 v a v o
13 manauved TlsunsylyTassendasaninssuaanudludu 1 ANUTUNUT
waRdUUNEIe tazimsasamsaznas lniewn o A My
[ dy v 9
anvaziasanuvela
f. Multi Processing
¥. Multi Tasking
f. *Multi Threading
4. Multi Programming
o { a . L4 . o @ 9/
14 Tilsunsu ABC mmin1dusms (Service) a1 1viaa Media 815y nanmy
wWnane Taeludiunsinaiy Login 1% User 1d User, Passwd T1/5un53
Java Thread 999 ABC 3¢ Taoaieniniauaiisla
f. New > Start > Wait > Runable > Dead
¥. *New > Runable > Block > Runable > Dead
f. Start > Runable > Block > Runable > Dead
3. Start > Wait > Block > Runable > Dead
9 = o v 1 o o v o d
15 volatanuduriussznIg Method 1163 aa1u2n1591914994 Thread ANUTUNUT

Y
9NADY

)

start() --> new
9. run() --> runable
f.  notify() --> block

3. *start() --> runable
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9y A 1

16 MINa T151nTUUUY MultiThread U9090819'15
o o I J 9
0. *Wannmsmauseniiuaiu q 14
Y Y <
¥, W 1asaiEg
@ Y Y
a. e Taslansnennsiisead

g Y a A ) Y dﬂ
3. WmquﬂNﬂﬁ$ﬁ‘ﬂ‘ﬁﬂ1W HANTUYNADININVU

pansenou

ANNAIAY

Fl
Lﬁmﬂ : MIVAAITNMIN UV CPU

Y =

17 s lunssamsemsriauves CpuU ludela damndeduten
n. *Tthroughput
9. Turnaround time
f. Response time

4. Waiting time

9am1)32n01

ANNdIRY

[
=1

18 szuuiiiausznn Real-time masamsteludelafimnzauiiga
n. FCFS,RR
V. *MQ, Priority
A. SJF,RR

4. FCFS, Priority

Hanng

19 M35AMISIUUY SIF (Shortest Job First) fienedalaflundn
fl. turnaround time
¥. response time
fl.  *burst time

4.  waiting time

Hanms

9 n Y . o
20 maiﬂ”lu”lmﬂuwaﬂiwmmmmmm Quantum time Gluﬂﬁﬂﬂ@ﬂiNlL‘U‘U

Round Robin [rA1]
[ =N a A Y A [ [
n. quantum lapnu 'l dsz@nsamez Indifesnumsdaaisiauny
FCFS
<3 ' o
Y. quantum an'ly f throughput Tuszuudag
Y
f. *quantum “lwq;mu"lﬂ A1 turnaround time W INAL

I @ o .
1. quantum (an 11 na1egvua 1UAUMH context switch

o

ANVTUNUS
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21 MIvaasngla Ilsfdunssamaiideandeanu
n. FCFS—SJF
v. FCFS-RR
f. RR — Priority

4. *SJF — Priority

o v J
ANUANUNUD

22 mmua i Tswatun luszuuaunainie 9 (Arrival Time) a1 lums
Uszunana (Burst Time) UazizAUAMNdIAwY (Priority laevinieiay 1 3

Agaga) o3 5 T)siraaall

Process | Arrival | CPU Priority
Time Burst
P1 0
P2
P3
P4
P5

~N| AW
= (o|w
W ik AW

M3919U8DY RR TasliaA1 quantum time i1 4 9olaisssdrdunms
wanuadwes T saldgndes
A. *P2,P4,P5,P1,P3 v.P2,P4,P1,P5,P3

f. P1,P2,P4,P5,P3 4. P1, P4,P2,P5,P3

Wanms

23 mMnualiti ldswadn luseuuaunaiaig 9 (Armival Time) a1lums
Uszurama (Burst Time) HazszaunMNdIAwY (Priority lnavinigiay 1 3

Y
AgIgn) ¥od 5 T)siaasi

Process | Arrival | CPU Priority
Time Burst
P1 0 5 3
P2 1 3 2
P3 3 8 4
P4 4 1 1
P5 7 4 3

M3y SIF Yelaissdwumsiauaives Tuswa ldgndes
n. P4,P2,P5.P1,P3
V. P4,P2,P1,P5.P3
A. *P1,P4,P2,P5,P3

3. P2,P4,P1,P5,P3

Hanng
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[l
S 1 Y o o

24 mﬂwﬁmsn%’awwmm D191 NNITNULLDY SIF AUNAYVDIIA
Ns1a50 (Waiting time) IA i la
n. Waiting Time =3.2 9. *Waiting Time = 3.6

fl. Waiting Time =6.2 4. Waiting Time = 7.4

Hanng

25 nTandmsndeirmuan (Famaemsmauny sIF) suaii lisese
agﬂuizuu (Turnaround time) Haumla
fl. Turnaround Time =11.6
Y. Turnaround Time = 10.4
fl.  *Turnaround Time = 7.8

4. Turnaround Time = 7.4

Hanng

A
Lﬁ’t]?ﬂ - MU T2AIUIINIZNITNINIU Process

26 o laAennud 1Ay UeLIAINGA (Critical Section)

9

Y @

n. *auvedldaniaulsignldsaunumnnanuila lasera

(J

v. damvedlaaniaulsdinny

1 Y d‘d Yo [ d‘ o
fl. ﬁ'Ju"U@QTﬂﬂTﬁJ]’l’J 1W§U@]53§]ﬁ@ﬂlﬂﬂullellﬂ1§1/]1\111!

1. @wveldandl IR T swanlszauanuddygahay

9am1)32n01l

ANNdINY

27 delahunlduddywuiie Tusaiunnimilei desnsldnsneinsdn
= %
AU
n. Busy Waiting 9. Hold and wait

f1. *Semaphore 3. No preemption

HannIg

28 dolanandananmsyhauluainga (Critical Section) Tdgnaes
. *azdavaiiiios Tsa@ernamnsomi lUviauu critical section 19t
=
TRRGRLIR
d'd Y] o w 1 g’z =® 9 o
v. Tswanliszauanuddyguniiu Sezansodn lihaulu
critical section

a. e Tsanatonanaia aeaz 1dmn 1911y critical section

° A 1 = 9 o .. .
L MINTNIUNINAIU ﬁiﬂﬂﬂ\iﬂﬁﬂlﬂ‘ﬂ‘ﬂ1ﬂu1u critical section

HannIg
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29 lumsuAilayn1 Bounded Buffer ¥94n15%191U5 A UTE M1 Producer AnuATUE
118 Consumer Process 183 19 semaphore full Lag empty Tmﬂmﬁu
UU semaphore Glu%’a“lﬂﬁnmﬁuﬁuﬁﬁugﬂﬁm Lﬁﬂ Producer Process G'll
a1u nouaz ld item 1u buffer
N. *wait (), empty
V.  wait(), full
f. signal(), empty
4. signal(), full
30 lumsudilaynt Bounded Buffer ¥991391191U45 A U5E 19 Producer Anudiug
118 Consumer Process 1ag13 149 semaphore full LIA& empty
Toulos#uuu semaphore Tudelahauduiuigndes e Consumer
Process |1#f remove item 891110 buffer lala3aiouTooudn
n. wait (), empty
¥. wait(), full
fl. *signal(), empty
4. signal(), full
Lﬁﬂ?ﬂ : nsNA Dead lock uaxmi‘i’ﬂmﬁu
31 dolalilsden lufishlugnmaiia Deadlock odfitlsznou
n. Mutual Exclusion
9. Hold and wait
fl.  *Busy waiting
3. No preemption
32 Glslj’f)clﬂﬁ”lll”liﬂizullﬁl’juﬁﬂ Deadlock Lﬁﬂ‘l% Resource-allocation Graph Tu ANuFuITLS

M13591209N1510A deadlock

A. *Graph 3 cycle LHAZNSNENTUADS FUANLNGS 1 instance
. Graph ¥ cycle 1Az NTNIINTUARLTUANNINAIN 1 instance
A, UUIU Request edges < assignment edges

3. UTIUIU Assignment edges (MAVTIUIUNTNEINT TUTE UL
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33 delaamnsaldszyldi Tswail lReadeeiunisifa Deadlock Anuduniug
n. Need = available
v. *Allocation =0
A. Need = 0
3.  Allocation S available
34 911 Resource Allocation Graph Gl"e]vlﬂ‘ﬁ Wanms
R, ®9 R,
R R,| ®ee
191191 Assignment Edge 15/1m11a
n. 2 9.3
. 5 1. *6
35 9IU8 5 19119U Request Edge Humla wanms
n. *2 9.3
fl. 5 1.6
36 W913IN151NA Deadlock 910 Resource Allocation Graph Giﬂllﬂ‘ﬁ tala Wanms

! Y Y
nan’lagndeq

R, | @~ ®9 R,

@ P3 P4
| /

R, ®® R, ' YY4

. 1A Deadlock 551319115198 P2, P3, P4

v. 199 Deadlock 5241219 1158 P2, P3
f. 109 Deadlock 5511911584 P2, P4

3. *Vlijlﬁﬂ Deadlock
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1o & o [ . { a J o
37 volalusuiludmsuns 1y Banker algorithm lumsnanaeanising oafilsznoy
Deadlock
o v ?X’J d' 1 9
. i]”I‘Ll’J‘Ll‘VI3‘WEJ"Iﬂi‘VN‘VilIﬂ‘V]Lmagjﬂilﬁ]fﬁ@]@ﬂﬂﬁ
° &
v, Duldsiranivualuszuy
v
f. ii’maumwmmmwmiuﬁwu
P '
3. *L?ﬁTVI\TﬁllﬂﬁIﬂﬁl%ﬁﬂﬁ@ﬂﬂﬁ@\iﬂﬁwmﬂﬁ
FA
Hon Dynamic Allocation 41U First Fit, Best Fit, Worst Fit
Y [ [] o . . A Y o‘ﬂ °
38 UDLFYUDINITIATTTHUIYAIINILUD Dynamic allocation ﬂ’f)‘ll’f]sl,ﬂ RN
A. 1NA Internal Fragmentation
¥. *0@ External Fragmentation
. 1NA Memory Fault
3. 109 TLB miss
9 o ' ° . A g dﬂ o
39 UBLHYUDINITIATTTVUUIYAININLUY Flrstﬁtﬂ’éléll’ﬂﬁlﬂ ALITNOY
o o Y9
0. MIsaassilaen
9/:&’ ~ 1 o 13 A
9. *mﬂ%wu‘wﬁm&lmmmllumw
A. INA internal fragmentation
9y =) .
3. @mm&lnaﬂumi Relocation
9 ' ' Y o . v o
40 volanad ligndealunsi Process Relocation ANUTNIUT

n. UMIMUIULBAIATE 11

9 v o Y a A dy
v, ldvmreanud ldnlszansmwunnau
A. MUIIANUNVVUIANUAY

Y
. *Tlsunsudivualugyu
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g v J a ¢
ien/ gz aen/doaou MINATIZH

] I o ] o w 1 o
41 531J1Jf1ﬂ"|5l!ﬂ\1 Jobl 11w page uazfﬂﬂaﬂuwu’mﬂ’smm ﬂﬂgﬂ A1UD nannia

Physical Address asanutelaiie Logical Address =518

Job 1 Main Memory  Page frame no.
Job 1 with its Page | Line no. Instruction/Data 0 0
Map Table. Main [ 001 BEGIN 512 1
memory showing 1024 2
allocation of page | o5 LOAD R, 518 1536 | Job 1 - Page 1 3
frames to Job 1. 2048 4
518 3792 2560 | Job1-Page0 |5
3072 6
PMT for Job 1 8584 7
Page no. | Page frame number i 3
0 5 :
1 3
n. 1530
v, *1542
A. 2554
1. 2566
° 9 Aa a 1A A 9 A = o
42 ﬂﬂ/iuﬂﬁl,‘ﬁ' Jobl NUVUIA 32768 bytes LﬂiJ’E]Q“VI address LTUAUN 30720 D3 nanns

63487 fijﬁjm’i relocate Jobl Vlﬂvl’i}ﬁ address ngfuﬁ 18432 anlu

Relocation Register Ininuvela

n. 12288
v, *-12288
. 45055
1. 45055

g v ) o
DY N1TIANITHUIINITNI

[ o o . 1 s o
43 4o lana1iensieaIuveIn13¥i1 Demand Paging ligndoa eaflsznoy
o &
n. Response 133U
o v v 2
v. 5995ums g lduniu
Y
. * MUY 70 1niu

91:3 A 1 ° dd?!
. M IFNUNHUIEANUTIATY
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44 dolananie mireanusuailou (Virtual Memory) 1dgndas
9 ' o @ o v I 9 A Aq 91
n. msldmiteanuiimnsndmiunudeyanse lisunsunldies
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Paired Samples Statistics

Mean N Std. Deviation Std. Error Mean
JPair 1 Posttest 47.1818 22 2.21760 47279
Pretest 17.0909 22 1.10880 .23640
Paired Samples Correlations
N Correlation Sig.
Pair 1 Posttest & Pretest 22 .690 .000
Paired Samples Test
Paired Differences
95% Confidence
Std. Std. Error | Interval of the Difference Sig.
Mean Deviation Mean Lower Upper t df (2-tailed)
Pair 1 Posttest
 Pretest 30.0909 1.65929 .35376 | 29.35522 30.82660 | 85.060 21 .000

a 4 a a 4 J 1 an
Naﬂ”li?]!ﬂi”l%ﬁﬂg!,L‘L!Llﬂ”liﬂﬂﬁlmi”lzﬂizW?T\iﬂ@ﬂﬁlﬁﬂiﬂiuﬂiﬂﬁﬂ@] ANCOVA

Descriptive Statistics

Dependent Variable: Posttest
Group Mean Std. Deviation N
C 42.4091 1.73642 22
E1 43.9091 2.06810 22
E2 47.1818 2.21760 22
Total 44.5000 2.82434 66

Levene's Test of Equality of Error Variances®

Dependent Variable: Posttest

F

df1

df2

Sig.

2.361

2

63

.103

Tests the null hypothesis that the error variance of the dependent variable is equal

across groups.




Posttest

50.00—

45.00

46.00—

44.00

42.00-

Y=23.59+1.38"

[y=27.59+0.98%

o
y=30.74+0.67"x
o e} o

Group
Sec
- E1
E2
C: k2 Linear = 0194
E1: RS Linear = 0.690
E2: R Linear = 0476

40.00

T T
14.00 15.00

Tests of Between-Subjects Effects

Dependent Variable: Posttest

T
16.00 1

Pretest

T
7.00

T
18.00

T
18.00

Type Ill Sum of
Source Squares df Mean Square F Sig.
Corrected Model 385.548°7 5 77.110 34.799 .000
Intercept 250.009 1 250.009 112.827 .000
Group 2.284 2 1.142 515 .600
Pretest 101.076 1 101.076 45.614 .000
Group * Pretest 6.726 2 3.363 1.518 .227
Error 132.952 60 2.216
Total 131215.000 66
Corrected Total 518.500 65
a. R Squared = .744 (Adjusted R Squared = .722)
Tests of Between-Subjects Effects
Dependent Variable: Posttest
Type Ill Sum of
Source Squares df Mean Square F Sig.
Corrected Model 378.821° 3 126.274 56.050 .000
Intercept 305.037 1 305.037 135.398 .000
Pretest 116.730 1 116.730 51.814 .000
Group 284.572 2 142.286 63.157 .000
Error 139.679 62 2.253
Total 131215.000 66
Corrected Total 518.500 65

a. R Squared = .731 (Adjusted R Squared = .718)
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Estimated Marginal Means

Group
Estimates
Dependent Variable: Posttest
95% Confidence Interval

Group Mean Std. Error | Lower Bound Upper Bound
C 42.062° .324 41.415 42.709
E1 44.286° 324 43.638 44.934
E2 47.152° .320 46.512 47.791

a. Covariates appearing in the model are evaluated at the following
values: Pretest = 17.0606.

Dependent Variable: Posttest

Pairwise Comparisons

95% Confidence Interval for
Mean Difference®
() Group  (J) Group Difference (I-J) | Std. Error Sig.b Lower Bound Upper Bound
C E1 -2.224’ 464 .000 -3.150 -1.297
E2 -5.089° .455 .000 -5.998 -4.180
E1 C 2.224’ 464 .000 1.297 3.150
E2 -2.866 .456 .000 -3.777 -1.954
E2 C 5.089 .455 .000 4.180 5.998
E1 2.866 .456 .000 1.954 3.777

Based on estimated marginal means

*. The mean difference is significant at the .05 level.

b. Adjustment for multiple comparisons: Least Significant Difference (equivalent to no adjustments).
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