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* AT&T. (2012). AT&T Application Resource Optimizer (ARO). Retrieved Nov 10,

2012, from http://developer.att.com/developer/legal AgreementPage.jsp?passedltemld=9700312.
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Gl@ﬂﬂi@ﬂ@@ﬂ”lﬂﬂ\‘]ﬁ”li"lx‘]‘l/l 3.1

M519h 3.1 Mmsnsestoyai ldsamsdmiuszuulgians ios

a1y ﬁj"ﬁ]u]lﬁllﬂ'lﬁﬂiﬂﬂ “umy 1P L%}'IGU'EN
1. !(ip.addr == 17.0.0.0/8) 17.0.0.0/8 Apple Inc.
2. !(ip.addr == 74.125.0.0/16) 74.125.0.0/16 Google Inc.
3. I(ip.addr == 124.40.224.0/12) | 124.40.224.0/12 | DTAC Network

dmSuszuulianis Android N3099oYa Packet N1 hdeen1500N 1INTVOYA
{ o 1 Y Y o Y A Y Vg
Traffic 1932970 lag liTinsldaudoyameniniidon 3.3.1.6 Tanuinilu Packet V09
. 1 d' ] a) 9 [] ] d' Y = a
Service A1) N ldansatlalavua taz luly packet 910 TnsunsuiidesnsAnyinganssuy

y . o @ a oa . a 79 { 9
Tagszy@oululun1snses Filter dmSuszuuUHian1s Android ean3nlnsIzHIoyanAaoa

Yo A
ﬂﬁ@\?'ﬁ)@ﬂulﬂﬂ\‘iﬁ'li'l\‘l‘ifl 32

Y 9 { 19y ) [ a oA .
M3197 3.2 Mansostoyan lidesmsdmiiuszuuliians Android

LRS! L?;E)uhl"llﬂ'lﬁﬂiﬂﬁ nygay 1P L%}T’IJ’E'N
1. !(ip.addr == 74.125.0.0/16) 74.125.0.0/16 Google Inc.
2. I(ip.addr == 124.40.224.0/12) | 124.40.224.0/12 | DTAC Network
3. I(ip.addr == 184.72.0.0/15) 184.72.0.0/15 Amazon.com, Inc.
4. !(ip.addr = 23.20.0.0/14) 23.20.0.0/14 Amazon.com, Inc.
5. !(ip.addr ==68.67.152.0/23) 68.67.152.0/23 | Appnexus Inc.
6. !(ip.addr ==68.67.176.0/23) 68.67.176.0/23 | Appnexus Inc.

v 1 Y
1INA519% 3.1 ag 3.2 szyNou lvlunisnseslures Filter 91n1iunatly Apply

iNedutiuNInT0edeya Aanni 3.6




38

File Edit View Go

Capture Analyze Statistics Telephony Tools Intemals Help

query response 0xa348 cNAME dualstack.adserver-1241967714.us-ea|j

standard query response 0x09b4 CNAME dualstack.adserver-1241967714.us-ea

standard query 0x50f2 A nyml.mobile.adnxs.com
standard query response 0xagl6 CNAME cdn.adnxs.com. edgesuite.net CNAME a

[5¥N] Seq=0 Win=14600 Len=0 M55=1460 SACK_PERM=1 TSval=40651|

standard query response 0x50f2 A 68.67.152.148 A 6B8.67.152.165 A 68.67.1|

[s¥nN, Ack] seq=0 Ack=1 win=14480 Len=0 M55=1400 SACK_PERM=1
[ack] seq=1 Ack=1 win=14656 Len=0 Tsval=4065114 Tsecr=122660

GET /p/fd/e7/1c/38/fde71c3827856e02fcc8665F4643402d. gif HTTP/1.1

[Ack] Seq=1 Ack=888 win=16254 Len=0 TSval=122660461 TSecr=40

[ACK] Seq=888 Ack=1389 Win=17536 Len=0 TSwal=4065141 TSecr=1| |

[ack] seq=888 Ack=2777 win=20416 Len=0 Tsval=4065143 Tsecr=1
[ack] seq=888 Ack=4165 win=23296 Len=0 TSval=4065143 TsSecr=1
[Ack] Seq=888 Ack=5553 Win=26240 Len=0 TSval=4065143 TSecr=1

[ack] ses —SBE Ack: 6941 win=29120 Len=0 Tsval=4065145 Tsecr=1 _

ssees mEXEE Aes2a0TE aaan P8 % B
=| Filterr  I(ip.addr == 74.125.0.0/16) and !(ip.addr == 184.72.0.0/15) and !(ip.addr E| Expression. Clear Apply Save I ‘
: ime Source Destination Protocol Length e
| —— .101.154.49 3 197 5
9 0.951785 100.101.154.49 124.40.225.53 DNS 77 standard query 0x09b4 A ads.mobclix.com
10 1.024157 124.40.225.53 100.101.154.49 DNS 196
20 3.371093 100.101.154.49 124.40.225.53 DNS 75 standard query 0xa916 A cdn.adnxs.com
21 3.373468 100.101.154.49 124.40.225.53 DNS 83
22 3.516028 124.40.225.53 100.101.154.49 DNS 180
23 3.520788 100.101.154.49 124.40.233.90 TCP 76 59039 > http
24 3.563994 124.40.225.53 100.101.154.49 DNS 252
26 3.582001 124.40.233.90 100.101.154.49 TCP 76 http > 59039
27 3.582463 100.101.154.49 124.40.233.90 TCP 68 59039 > hrtp
28 3.585755 100.101.154.49 124.40.233.90 HTTP 955
30 3.714641 124.40.233.90 100.101.154.49 TCP 68 http > 59039
31 3.714883 124.40.233.90 100.101.154.49 TCP 1456 [TCP segment of a reassembled PDU]
32 3.715097 100.101.154.49 124.40.233.90 TCP 68 59039 > http
33 3.724873 124.40.233.90 100.101.154.49 TCP 1456 [TCP segment of a reassembled PDU]
34 3.725156 100.101.154.49 124.40.233.90 TCP 68 59039 > http
35 3.725228 124.40.233.90 100.101.154.49 TCP 1456 [TcP segment of a reassembled PDU]
36 3.725465 100.101.154.49 124.40.233.90 TP 68 59039 > http
37 3.725528 124.40.233.90 100.101.154.49 TCP 1456 [TCP segment of a reassembled PDU]
38 3.725727 100.101.154.49 124.40.233.90 TCP 68 59039 > http
39 3.734911 124.40.233.90 100.101.154.49 TCP 1456 [TCP segment of a reassembled PDU]
40 3.735174 100.101.154.49 124.40.233.90 TCP 68 59039 > http
—— Ama an mnnoan — —— AACE Trrn oo
Frame 1: 197 bytes on wire (1576 bits), 197 bytes captured (1576 bits)
Linux cooked capture
Internet Protocol version 4, src: 124.40.225.53 (124.40.225.53), Dst: 100.101.154.49 (100.101.154.49)
Al User Dataaram Protocol. Src Port: domain (53). Dst port: 7254 (7254)

M 3.6 m3nsesdoyah luideansTuIwsunsy WireShark

9 v . 1 g‘/ o {
lﬁ@ﬂllﬁﬂ\?%@%ﬁi”ﬂe'ﬁuu No. , Time i8¢ Length (N1UUY ﬂQﬂ1Wﬁ 3.7

File

-
j shark_dump_1380619779,

Edit View Go

IETEL X =

ap [Wires

Capture  Analyze

X =2

Statistics

Teleph ony Tools

B & ¢ 2T L

Filter:
MNo. Time Length
LU uoutug
2 0.485383
3 0.485709
4 0.485792
5 0.486256
6 0.486417
7 0.486506
8 0.662041
9 0.663686
10 0.713341
11 0.715453
12 0.715687
13 0.716957
14 0.909078
15 0.911026
181 nv1300
Frame 17: 68 bytes on wire (544 bits),
Linux cooked capture
Internet Protocol Version 4, Src:
Transmission Control Protocol,

0000
0010
0020
0030
0040

@ @’ File: "C:\Users\TenKwan'\Desktop\ Traffic\ne...

00 04 02
45 00 00
17 15 cd
80 10 1c
06 6e T8

00
34

84
24

00 00 00 00
61 94 40 00
97 ae 00 50
08 e3 00 00

| <gmm

00 00 00 00 00 00 08 00
40 06 dO 73 64 42 bf de
25 78 21 af 34 64 70 5b
01 01 08 0Oa 01 76 40 84

Internals  Help

|Z| Expressi

QA WEm:%g 8

on... Clear Apply Save

68 bytes captured (544 bits)

100.66.191.222 (100.66.191.222), Dst: 23.21.205.134 (23.21.205. 134)
src pPort: 38830 (38820), Dst Port: http (80), Seq: 1, Ack: 1, Len:

Packets: 23118 Displayed: 23118 Marked: 0 Load time: 0:00.740 Profile: Default

M 3.7 maudasdeyans Wilnlu Twsunsy WireShark
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Export 70yal1iluld Plain text (Wwana . TXT) Taglddida File > Export

Packet Dissections > as “Plain Text” file A40IN 3.8

-
i shark_dump_1380619779.pcap 183 45256 from /trunk-1.8)
k File Edit View Go Capture Analyze Statistics Telephony Tools Internals Help
| &5 open.. W@OR G ST L Qaafm| @6
[ Open Recent Lo =
Merge... | |z| Expression... Clear Apply
Import...
# Close Ctrl+W
B save Ctrl+5
[ Save As... Shift+Ctrl+5
File Set 4

Export Specified Packets..,

Export Packet Dissections 3 as "Plain Text" file...
Export Selected Packet Bytes... Crl+H T o8 pootenpe e
Export S5L Session Keys... as "CSV" (Comma Separated Values packet summary) file...
Export Objects 4 as "C Arrays" (packet bytes) file...
£ Print... Ctrl+P as XML - "PSML" (packet surmmary) file...
as XML - "PDML" (packet details) file...
@ Quit Ctrl+Q

‘ts), 68 bytes captured (544 bits)

MW 3.8 M3 Export 1030 l1iilu 1@ Plain text

¥ A @ v s Y o
Ao lldamareuuana ot dendsznues lidndesmatiuiin (Save as type)
I 1 o { %
11 “Plain text(*.txt)” oz luaiuved Packet Format Laflﬂ Packet summary lineAdNINT 3.9 514);\1
I a s . @ { o 1 - o s
w2 18 Taveyans milnTusduun'lWg Plain text dan 1w 3.10 Tassiuguiiny lddoyan

U q

TWdndeamarhlaaser

Wireshark: Export Fi J

Savein: || New folder - @3 E- I
T Name - Date modified Type
| del No items match your search. .
Recent Places
Desktop
Libraries
A
Computer
i 4 [ »
L Fie name 123486 -
Network
Save as type: lFIain texd (") v] [ Cancel ]
[ Hep |
Packet Range Packet Format
(0 Captured @ Displayed Packet summary line
@) All packets 23118 23118 [ Packet details:
() Selected packet 1 1 As displayed
Marked packsts 0 0 [FlPack
First to last marked o 0 acke Bytes
@ Range a 0 [] Each packet on & new page
Remove Ignored packsts 0 0

1 o 1 4 I J .
MW 3.9 Msmmuaa e Export Joya 1iiilu1Wa Plain text
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o . aamme)

File Edit Format View Help

37136801 124
47137089 124
57.140783 78

107.381127 &8

117486838 78
127.523367 131
137.526382 78
147.564887 80
157.565175 68
187.565789 740
177711141 1418
187.711639 &8

mwi 3.10 Foyanswlinluzihiuy 1Wa Plain text

]
= v

v g A v ¥ o 4 v
342 GI’JE)EI'N"ll’t']y,a‘lfl‘iW‘h"lﬂ“Vlﬁi’Jﬁ]’)ﬂllﬂ%'lﬂﬂTiGlﬁlfﬂu"ll’E]qu,a"ll’t)\iﬁiJWET]IV\I’LM’JEHZUU

a oa ' @ { 1 < =
UFuiamsaeg swiaved 3.3.1 irumsudasteyailudeyansvinlugduun g plain

a v 9 { Y 1 a oa .
text 105N TURI99M 3.4.1 e lsaulugduuudisg vussuvlfians ios uag

Y
. Yo A
Android tane laaail
x 104
35 -
i — 05
30 : ----- Android [T
B2 ! . ;
s : | : ] Vo
=] [ []
PR ] ' | ; |
B | ! : | ] P o
] I ’ : : ! :‘I H :
= | ' ] 1 W H " H H
S 10 . i — : iy na
o | ! W 1 H i [T H] 0o
: . ; P ; R I
5 41 . — —* : i iy
HH R nooh n 3 i i ]
o AL ks | L S R l. I At k i : . [
1 51 101 151 201 251 301 351 401 451 501 551 601

Timeline (Second)
d' Y ] 9 A A Y] 9 1 <3 4
MNN 3.11 ﬁ'J@fﬂﬂaU'ﬂlquﬁ‘Vl3']1/\]1/\'ﬂ1/]ﬂ5'3%')ﬂ§)']ﬂﬂ"liﬁlG])'\‘]'lL!Vlﬂ\H'J‘]Julcﬁﬂ

= % [ 9 Al A (% 9 1 < 4
ANNINN 3.11 LLﬁﬂW]’JE]EJN‘IJ’E)Z;!ZWI?"I’I/\I‘V\Iﬂﬂﬁi’)i]’)ﬂﬁﬂﬂﬂﬁal“b'ﬂ"luﬂ’f)\u’l‘]_lul“h’ﬁ Iﬂﬂ
1 a oA . &’i =] [ 9 ] J = 9 o '
W‘]J’Nig‘]J“]J‘}JQ‘]J@]ﬂﬁ Android HUUNTTU-TIVDYAUDYNIN LLazuﬂ?mmmagammumﬂmw

srUlIiRms i0S
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@
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Android ———+—

‘| T =T T T T L =T T T T T —

1 51 101 151 201 251 301 351 401 451 501 551 601

Timeline (Second)

%]
[=1
=]

400

w
=]
o

Packet size [Bytes)
[
(=]
(=]
|

[
o
(=]

[=]

! @ [] 9 a { [ 1 4 .
MNN 3.12 @re81900yans MINNATIIAIINNITEUNNT Angry Birds

{ J ] o { [ 1 d

1INNNA 3.12 udaIdedeToyans MinNas19IA9INNIsIEUINLE Angry Bird

' a ua . d a o v 9 ' ' = 9 o
Tasnu15zUVURIANT Android HULMITU-dedpyatiosnd1 uazlsuadeyadiuiu
1 I~ a A . & 1 @ 19 o A J
1 luvagiszuulians i0s uuunvaez lulimssu-dedeyaas ouilosnnmnud

. a wua . 2 ' 4 1 1o
Angry Bird 32001150015 i0S v i Tauanmwizgaouisuaunuduaznallurugaausing1)

7 { a oA . & A U J 1 U

mdy TuvaeNuuseuulIians Angry Bird Hull TayanaouFuaunud natjuvgarau

o J ' o 1
FIANII LLaziuﬁszNﬂmaumuaiunﬂq AU

x 10%
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M

— 05
Android
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o

o

Pl

2 _ﬁ‘ 1 1 I
O I H-“'_M“} T A ﬂ'I I'A"--"A'_'- T A lﬁ L T _'T_'_a'"'-'nl
51 101 15

1 1 201 251 301 351 401 451 501 551 601

Timeline (Second)

Packet size [Bytes)
a

d' @ [ 9 A A [ 9 A ] [ 4
HMNN 3.13 m’omwagamthf\lﬂvmﬂmmmmﬂmmmiamwﬁmua@u"lau

d' % [} 9 a) d' [ 9 A [
1NNTINN 3.13 L!ﬁﬂﬂﬂ?@ﬂ?ﬂﬂlﬂﬂg’ﬁVI'i']‘I/\I‘V\lﬂVI@]i'Jﬁ]'Jﬂfl]"lﬂﬂ']iclclfxﬂulﬂiﬂslnﬂﬁﬂﬂll
o ' Aa oA . g =\ [ v 9 ] 1 < Y 1A
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9 v
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xX10*
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Packet size [Bytes)
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w
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d’ (J ' 9 a A [ 9 = J
MNN 3.14 Gl’J’OEINSUE)Hﬂ‘l’]ﬂ‘lf‘lﬂﬂ‘l’]ﬁi’)%?ﬂiﬂﬂmﬂ%‘ﬂu’ﬂmﬁﬂ
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srUVURUANT 10S uagszuvIRIANs Android WuNANUDTUMITU-aetayalurI9Y
1 [ 1 J [ 1 9 1 Y A o 1 d‘d [ U
M9 AU 1AgFIT1I19MIs-daveyaluudazyalndineany Tuganinssu-daq

a oA . @ 1 9 a 1 [ 1 a oA .
‘J$‘]J‘]J‘]J§]‘Uﬁlﬂ1i i0S flﬂﬁ‘5‘IJ-ﬁ\‘l"llE]Haﬁlﬂﬁ@ﬂulﬂﬂﬂ’ﬂ‘i%’ﬂﬂﬂgﬂﬂﬂﬁ Android
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4' o [ Y A A o A 1 a =]
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343 LLUUﬁTﬁ@QﬁI’JﬂIWﬂ!ﬂSN MATLAB ﬂﬁﬁNTuﬂlﬁNlLUlﬁhﬁ’ﬂﬂiuﬂ15t’3m51$ﬁ’ﬂ15

F) v
I A v v A

MUUATOIUZDISD15S HVUADUAIL
o a v J a .

1) ndhdeyanslilnTasmserudeyaain IiddeyansilnlugUuny Plain

text 114 911 IT0N 3.4.1
¥ ~Aq Y ' a a2 1a ~ = a A
2) s wilsunadeyanldauluudazivi awadunusnauduIng 600
v Y [

(3Wneau 10 i) ieg N luudagInidmssu-dedoyatSuauila

3) MHUAMAILITI282981 Timeout BUVAIN TUuAazE@DIUEAIY TNTUNTY AT&T

Application Resource Optimizer @1 NN 3.16

|5 AT&T ARO Profile - 4

File

Network Attribute Profile Value

Carrier AT&T -
{|DCH (Active)->FACH (Standby) timer (sec) |4.0 i

FACH (Standby)->IDLE timer (sec) 10.0

MAN 3.16 MINMUAAITZ21IA1 Timeout YOI INSLUNTH AT&T Application Resource Optimizer
1109910 INTUATY AT&T Application Resource Optimizer liiseafumsiianuves
I YN v R o . 1 A Y o =

AUSIFAANGLDY WIVYIINIUUATZYSLIAT Timeout 611!&@]'@3?(’011!3LW@i“ﬁLLU‘]Ji]WﬁfNiIﬂWi

9 1
MUVDIADIUENI 4 ’E']fJNﬂi‘Uﬁl’Ju AIANT N 3.3

M15199 3.3 MIMMUATZezIa Timeout HUVAIN LAz AU

DCH -> FACH FACH -> PCH PCH -> Idle

I28213a1 4 10 25

Timeout (A1)

o Y . I I a =
mvualisze219a1 Timeout VosdDIUZIBaaATOY (TU 4 U9 muInsunsY
o . 4
AT&T Application Resource Optimizer fvualiszeziial Timeout YosaauzisaaeioFioy
I a 4 1
Wu 10 39 awdouzsaaeioor->aa1uz 191U Insunsu AT&T Application Resource

A o . 4 1 a
Optimizer INNNITNIHUATEYZLIAT Timeout YOIAD UL LBAANFIOY->TDIULIN Iﬂﬂé}"lx‘]ﬂﬂslgl}ﬂﬂsljﬁ
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MINMUATZE21IA1 Timeout INUIY Adaptive Radio Resource Management Scheme for
5 & o . I A a = 4 =
UMTS Packet Data’ 1111 1ATZ821981 Timeout YOIaMULIBAaAF0% 10 IUN raatowiom-
a = =0 a ~ R 3 Y 1 a1 1 v
19% 50 IUIMN LASIHAANSLDY 240 IUIMN m%mu"lmﬂw,mazﬁmuz%mmmﬂmﬁmuzﬂ@u
WihegUszuna 5191 9N MITIMUATZezIAT Timeout Y94 TNSUNTU AT&T Application
.. J = =i ' I A T ' v & =
Resource Optimizer 1uﬁmum«vaamwgamawmﬂmmmuzwaaﬂma%aq 2.5 N1 AUUD
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FOR each second
Initialize Current radio resource to 0.
Initialize Current code resource to 0.
Initialize signaling message to 0.
FOR each active UE
IF UE has usage time > max duration time
Set UE to inactive.
ENDIF
ENDFOR
FOR each active UE
Current state = Determine current state from traffic.
Current radio resource = Determine current state from Current state.
Current signaling message = Determine signaling message from Current state.
ENDFOR
Current code resource = Calculate from number of Active UEs.
% of radio resource = Calculate the percentage of current radio resource.
% of code resource = Calculate the percentage of current code resource.
% of signaling message = Calculate the percentage of current signaling message.
Criteria = The largest value of % of radio resource , % of code resource and % of signaling message.
IF Criteria > Threshold 2
Set RRC timeout Level 2
ELSE IF Criteria > Threshold 1
Set RRC timeout Level 1.
ELSE
Set RRC timeout to Normal.
ENDIF
IF Current radio resource <= radio Threshold Lv 1 and code resource<= code Threshold Lv 1 and
signaling message<= signaling Threshold Lv 1

Add new UEs to Active UEs list (number of new UE up to TPS value).
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DO
Set Inactive UE to Active (Recall).
code resource = Calculate from number of Active UEs.
UNTIL code resource > code Threshold Lv 1
ELSE IF Current radio resource <= radio Threshold Lv 2 and code resource<= code Threshold Lv 2 and
signaling message<= signaling Threshold Lv 2
Discard any new UE call (Blocking).
ELSE
FOR each active UE in the list
IF Current state is Cell_PCH or IDLE
Set UE to inactive. (Dropping)
ENDIF
ENDFOR
ENDIF
FOR each active UE in the list
Random to set some UEs to inactive (Handover).
ENDIF
ENDFOR

Calculate the energy consumption.
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