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TÓM�TẮT

� Gần�đây,�truyền�tải�thích�ứng�HTTP�(HAS)�được�xem�là�một�trong�những�kỹ�thuật�quan�trọng�nhất�trong�
ngành�công�nghiệp�truyền�phát�thông�tin,�nó�cho�phép�truyền�tải�nội�dung�đa�phương�tiện�một�cách�hiệu�quả�qua�
internet.�Ngoài�ra,�mạng�điều�khiển�bằng�phần�mềm�(SDN)�đã�nhận�được�sự�quan�tâm�đáng�kể�dựa�trên�những�tác�
động�của�nó�đối�với�sự�phát�triển�của�dịch�vụ�Internet�qua�các�lớp�mạng.�Trong�công�trình�này,�chúng�tôi�đã�giới�
thiệu�một�phương�pháp�thích�nghi�chất�lượng�mới�của�video�có�tốc�độ�bit�biến�đổi�(VBR),�kết�hợp�kỹ�thuật�HAS�
với�sự�phân�bổ�đường�dẫn�động�trong�mạng�SDN.�Việc�đánh�giá�thí�nghiệm�được�thực�hiện�dựa�trên�các�kịch�bản�
khác�nhau,�chứng�minh�rằng�giải�pháp�đề�xuất�tốt�hơn�phương�pháp�best-effort�truyền�thống�cả�về�tốc�độ�bit�lẫn�độ�
mượt�mà�của�luồng�video.

Từ�khóa:�Truyền�tải�thích�ứng,�Định�tuyến�động,�HTTP,�SDN.
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�ABSTRACT

Recently,�HTTP�Adaptive�Streaming�(HAS)�has�been�considered�as�one�of�the�most�important�technique�
in�media� streaming� industry� that� allows�multimedia� content� to� be� transmitted� ef¿ciently� over� the� internet.� In�
addition,� Software-De¿ned� Networking� (SDN)� has� received� signi¿cant� attention� based� on� its� impacts� on� the�
GHYHORSPHQW�RI�,QWHUQHW�VHUYLFH�DFURVV�OD\HUV��,Q�WKLV�ZRUN��ZH�LQWURGXFH�D�QRYHO�TXDOLW\�DGDSWDWLRQ�PHWKRG�RI�

variable�bitrate� (VBR)�that� incoporates�the�HAS�and�dynamic�path�allocation� in�SDN�networks.�Experimental�
HYDOXDWLRQ�SHUIRUPHG�RQ�GLIIHUHQW�VFHQDULRV�GHPRQVWUDWHV�WKDW�WKH�SURSRVHG�VROXWLRQ�RXWSHUIRUPV�WKH�WUDGLWLRQDO�

EHVW�HIIRUW�PHWKRG�RQ�ERWK�RYHUDOO�ELWUDWH�DQG�VPRWKQHVV�RI�WKH�VWUHDP�

Keywords:�Adaptive�Streaming,�Dynamic�routing,�HTTP,�SDN�
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1.�INTR2'UCTION�

,Q�WKH�UHFHQW�\HDUV��YLGHR�VWUHDPLQJ�RYHU�+773�

has�occupied�as�a�main�video�traf¿c�source�over�
WKH� ,QWHUQHW�� ZKLFK� DFFRXQW� IRU� URXJKO\� ����

of� the� total� network� traf¿c� by� 2022.� Currently,�
DGDSWDWLRQ� PHWKRGV� RQ� +773� YLGHR� VWUHDPLQJ�

FDQ� EH� FDWHJRUL]HG� LQWR� WKH� EXIIHU�EDVHG� DQG�

WKURXJKSXW�EDVHG� PHWKRGV����� ,Q� RXU� SUHYLRXV�

VWXG\���ZH�SUHVHQWHG�DQ�DGDSWLYH�YLGHR�VWUHDPLQJ�

DSSURDFK� RYHU� +773�� EXW� LW� RQO\� IRFXVHV� RQ�

constant�bitrate�(CBR)�videos�in�which�segment�
ELWUDWHV� DUH� FRQVWDQW� WKURXJKRXW� WKH� YLGHR�� ,Q�

WKLV�SDSHU�� LQ�DGGLWLRQ�WR�WKH�QHWZRUN�EDQGZLGWK�

Àuctuation,� we� need� to� take� into� account� the�
bitrate� Àuctuation� of� variable� bitrate� (VBR)�
YLGHRV� GXULQJ� SOD\EDFN� WLPH�� ,Q� WKH� VWDWH� RI�

WKH� DUW�� WKH� PHWKRGV� KDYH� VXFFHHGHG� LQ� ELWUDWH�

DGDSWDWLRQ�IRU�9%5�YLGHRV�����ZKLFK�SURYLGHV�WKH�

EHVW�HIIRUW�WR�DFTXLUH�EHWWHU�4XDOLW\�RI�([SHULHQFH�

(QoE)�in�all�contexts.�However,�the�above�HTTP-
EDVHG�DGDSWDWLRQ�PHWKRGV�RQO\�UHJDUG�WKH�FOLHQW¶V�

EHKDYLRU� ZLWKRXW� FRQFHUQLQJ� WKH� WUDQVSRUWLQJ�

PHGLXP¶V�FKDUDFWHULVWLFV�VXFK�DV�WKH� IRUZDUGLQJ�

SROLF\�RI�WKH�WUDGLWLRQDO�VZLWFK�QHWZRUN��

2Q� WKH� RWKHU� KDQG�� 2SHQ)ORZ�6RIWZDUH�

De¿ned� Networking� (OF/SDN)� has� been�
TXLFNO\�VWXGLHG�DQG�LPSOHPHQWHG�DV�RQH�RI�WKH�

PRVW� LPSRUWDQW� LQIUDVWUXFWXUH� IRU� WKH� IXWXUH� RI�

QHWZRUN� WHFKQRORJ\��� 7KH� DXWKRUV� RI� SUHYLRXV�

VWXGLHV����� KDG� SLRQHHUHG� LQ� WKH� DUHD� RI�4XDOLW\�

of� Service� (QoS)� routing� for� scalable� video�
coding�video�streaming�over�OF/SDN�networks;�
QRQHWKHOHVV��WKH\�GLG�QRW�FRQVLGHU�WKH�DGDSWDWLRQ�

SUREOHP�DW�WKH�FOLHQW�

)XUWKHUPRUH�� UHFHQW� VWXGLHV����� KDYH�

SURSRVHG� 6'1�EDVHG� G\QDPLF� UHVRXUFH�

DOORFDWLRQ�DQG�PDQDJHPHQW�DUFKLWHFWXUH�IRU�+$6�

DSSOLFDWLRQV��+RZHYHU�� RQO\�JHQHUDO�DGDSWDWLRQ�
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PHFKDQLVPV� IRU� &%5� YLGHR� VWUHDPLQJ� DUH�

FRQVLGHUHG�LQ�WKHVH�VWXGLHV�

,Q�WKLV�SDSHU��ZH�SUHVHQW�WKH�+773�EDVHG�

ELWUDWH� DGDSWDWLRQ� FRPELQHG� ZLWK� 6'1�EDVHG�

G\QDPLF� URXWLQJ� PHFKDQLVP� WR� LPSURYH� 9%5�

YLGHR� TXDOLW\�� &RPSDULVRQ� RI� VWDWH�RI�WKH�DUW�

VWXGLHV�ZLWK� WKH� SURSRVHG�PHWKRG� LV� VKRZQ� LQ�

7DEOH���

Table� 1.� &RPSDULVRQ� RI� UHODWHG� ZRUNV� ZLWK� WKH�
SURSRVHG�VROXWLRQ

Solution Approach
Bitrate�

Adaptation
Adaptation�
Routing

>��±��@ +773 <HV &RQYHQWLRQDO

>��±��@ 6'1 1R 4R6�URXWLQJ

>��±���@ +\EULG *HQHUDOO\ *HQHUDOO\

3URSRVHG +\EULG Speci¿cally
)OH[LEOH�

UHURXWLQJ

2.�PROPOSED�SOLUTIONS

2.1.�SDN-assisted�path�selection�optimization

$V�GHSLFWHG�LQ�)LJXUH���� LQ�RXU�SURSRVHG�

FRQWUROOHU� DUFKLWHFWXUH�� ZH� XQLTXHO\� GHVLJQ� D�

YDULHW\�RI�IXQFWLRQDO�PRGXOHV�DV�IROORZV�

Topology� Manager�� 'LVFRYHULQJ� WKH�

QHWZRUN�WRSRORJ\�

Devices� Manager�� 6XSHUYLVLQJ� KRVWV�

FRQQHFWHG�WR�WKH�IRUZDUGHUV�

Traf¿c� Manager�� &ROOHFWLQJ� VWDWLVWLFDO�
GDWD�IURP�WKH�IRUZDUGHUV�

Route� Manager:� 5XQQLQJ� URXWLQJ�

DOJRULWKPV� WR�REWDLQ�GHVLUHG�QHWZRUN�SDWK�� DQG�

installing�Àow�rules�onto�the�forwarders.�
Messages� Observer�� +DQGOLQJ� PHVVDJHV�

IURP�DSSOLFDWLRQ�VHUYLFHV�

Figure�1.�3URSRVHG�FRQWUROOHU�DQG�LQWHUIDFH�

7KH� FRQWUROOHU� FRPPXQLFDWHV� ZLWK� WKH�

IRUZDUGHUV� WKURXJK�DQ�2SHQ)ORZ�FKDQQHO��7KH�

FRQWUROOHU� LV� LPSOHPHQWHG� ZLWK� WZR� GLVWLQFW�

PHFKDQLVPV� IRU� UHDOORFDWLQJ� WKH� SDWK� LQ� WKH�

6'1� FRQWUROOHU� SODQH�� 3HULRGLFDO� 5RXWLQJ� DQG�

$GDSWLYH� 5RXWLQJ�� 7KH� LGHD� RI� RXU� URXWLQJ�

mechanisms� is� to�¿nd�out� some�paths�with� the�
least� congestion� or� the� suf¿cient� bandwidth� to�
DFFRPPRGDWH� UHTXLUHPHQWV� LQ� LQFUHDVLQJ� RI�

bitrate�adaptation.�De¿nitely,�a�path�with�greater�
Àow� capacity� is� capable� of� delivering� video�
VHJPHQWV�RI�KLJKHU�ELWUDWH�

In� Periodical� Routing,� the� ¿nest� path� is�
cyclically� selected� at�a�¿xed� interval�as� shown�
LQ� WKH� Switching� Stage� EORFN� DQG� WKH� Steady�
Stage� EORFN� RI� )LJXUH� ��� $IWHU� REWDLQLQJ� DOO�
SDWKV¶�EDQGZLGWK�� WKH�FRQWUROOHU�NHHSV�WKH�OHDVW�

FRQJHVWHG� SDWK� IRU� D� VKRUW� SHULRG� XQWLO� WKH�

SURFHGXUH�UHSHDWV��7KH�WRWDO�WLPH�IRU�D�SURFHGXUH�

7�LV�GHWHUPLQHG�DV�

������������T�=�(n���α�t����������������������������������(1)

ZLWK�n�EHLQJ�WKH�QXPEHU�RI�SDWKV��α�LV�WKH�VWHDG\�
SDUDPHWHU�DQG�t�LV�WKH�VZLWFKLQJ�SHULRG��

,Q� FRQWUDVW�� $GDSWLYH� 5RXWLQJ� LV� RQO\�

DFWLYDWHG� ZKHQ� WKHUH� LV� D� GHPDQG� IURP� WKH�

streaming� service� to� SDN� controller� (Figure� 2).�
7KHUH� FRXOG� EH� D� PRQLWRULQJ� SURFHVV�� ZKLFK�

FRQWLQXRXVO\� LQVSHFW� WKH� FXUUHQWO\� LQVWDOOHG�

SDWK�� :KHQHYHU� WKH� SDWK¶V� WKURXJKSXW� GR� QRW�

PHHW� WKH�PLQLPXP�UHTXLUHPHQW� OHYHO�%:th��WKH�

controller�intermediately�¿nd�a�new�path�to�the�
FRQWUROOHU�ZLWKRXW�ZDLWLQJ�IRU�D�URXWLQJ�UHTXHVW��

$IWHU�GHWHFWLQJ�D�SDWK�ZLWK�LPSURYHG�GHOLYHULQJ�

capability,� the� controller� installs� new� Àow�
UXOHV� VR� WKDW� WKH�YLGHR� SDFNHW� FDQ� WUDYHO�DORQJ�

WKDW� SDWK�� $OO� RI� WKH� UHURXWLQJ� SURFHGXUHV� DUH�

DSSHDUHG�WUDQVSDUHQW�WR�WKH�FOLHQW�
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Figure�2.�7KH�)ORZFKDUW�RI�RSWLPXP�SDWK�VHOHFWLRQ�

2.2.�Variations�of�throughput�and�VBR�bitrate

VBR�video�bitrate�usually��Àuctuates�signi¿cantly�
DW� VRPH� VFHQH� FKDQJHV�� $Q� H[DPSOH� RI� WKH�

ELWUDWHV�D�9%5�YLGHR�DW�GLIIHUHQW�TXDOLW\�OHYHOV�LV�

VKRZQ�LQ�)LJXUH����7KLV�SURSHUW\�RI�9%5�YLGHR�

PDNHV� WKH� GHOLYHULQJ� WKH� KLJK� YLGHR� TXDOLW\� WR�

FOLHQWV�D�UHDO�FKDOOHQJH�

Figure�3.�%LWUDWHV�RI�WKH�YLGHR�

7R�GHDO�ZLWK�WKH�DERYH�LVVXH��ZH�LQWURGXFH�

D�deviation�SDUDPHWHU�δ,�which�was�de¿ned�as�in�
H[LVWLQJ�UHVHDUFK���

ZKHUH�7L�LV�WKH�WKURXJKSXW�DQG�5L�LV�WKH�VHJPHQW�

ELWUDWH��

Speci¿cally,�we�adopt�the�simple�method�
SUHVHQWHG� LQ� >�@� WR� PHDVXUH� WKH� HVWLPDWHG�

WKURXJKSXW��

ZKHUH� �� LV� WKH� VDIHW\� PDUJLQ� LQ� WKH� UDQJH� RI��
>����@�

7KH� RSWLPDO�ELWUDWH� IRU�VHJPHQW� i+1�FDQ�
be�de¿ned�as:

2.3.�VBR�adaptation�algorithm

Using�the�Àexible�threshold,�the�segment�buffer�
is� splitted� into� four� ranges� (%max� !� %high�!� %th��

!�%low�>�����(DFK�UDQJH�LV��FRUUHVSRQGLQJ�WR�RQH�
RI�WKH�FDVHV��switch-up,�stable,�switch-down�DQG�
assisted� switch-down��Speci¿cally,� oXU� PHWKRG�
DUH�VKRZQ�LQ�$OJRULWKP���

The�¿rst�case�is�the�switch-up�case�in�which�
WKH�GHFLVLRQ�HQJLQH�VHQGV�D�VLJQDO�WR�LQFUHDVH�WKH�

YLGHR�TXDOLW\��+RZHYHU�� WKH�FOLHQW�RQO\� UHTXHVW�

D� KLJKHU� ELWUDWH�ZKHQ� D� VHFXUH� GHYLDWLRQ� YDOXH�

(δ�!�δ�)�is�con¿rmed,�and�the�average�bitrate�of�
WKH�FXUUHQW�UHSUHVHQWDWLRQ�VWLOO�LV�QRW�H[FHHG�WKH�

RSWLPDO�ELWUDWH��������������

ߜ ൌ  ௜ܶ 
ܴ௜

െ ͳ� (2)�

࢏ࢀ ࢏ࡾ

WKURXJKSXW���

௜ܶ
௘ ൌ ሺͳ െ ሻߤ ௜ܶିଵ� (3)�

ߤ

ܴ௜ାଵ
௢௣௧ ൌ ௜ܴ}ݔܽ݉

௔௩௚|ܴ௜
௔௩௚ ൏  ௜ܶ

௘}� (4)�

�
Algorithm�1:�VBR�Adaptation�Algorithm�
Input:�ܴ௜

௔௩௚
��ܴ௜

௢௣௧
�� ௜ܶ��ܴ௜ܤ��௜ߜ���

Output:ܫ�௜ାଵ �
��Switch-up�case�
LIܤ�௜ ൒ �௛௜௚௛�thenܤ
����LIߜ� ൐ ଴�DQG�ܴ௜ߜ

௔௩௚ ൏ ܴ௜ାଵ
௢௣௧

�then�
�;௜�+�1ܫ� �௜ାଵܫ��������
����HQG�LI
HQG�LI�
��Stable�case�
else�ifܤ�௜ ג ሾܤ௧௛ǡ �௛௜௚௛ሻ�thenܤ
�;௜ܫ� �௜ାଵܫ����
HQG�LI�
��Switch-down�case�
else�LIܤ�௜ ג ሾܤ௟௢௪ǡ �௧௛ሻ�thenܤ
����LIߜ� ൏ െߜ଴�DQG�

�(ܴ௜
௔௩௚ ൐ ܴ௜ାଵ

௢௣௧
�or�ܴ௜ ൐ ܴ௜

௔௩௚
��

�;௜�±�1ܫ� �௜ାଵܫ��������
����else�
�;௜ܫ� �௜ାଵܫ��������
����HQG�LI�
HQG�LI�
//Assisted�switch-down�case�
else�LIܤ�௜ ൏ �௟௢௪�thenܤ
����Request�for�a�new�path;�
����for�every�representationݒ��
��������LI�ܴ௩

௔௩௚
௩ܴ}ݔܽ݉�  �

௔௩௚|ܴ௩
௔௩௚ ൏ ܴ௜ାଵ

௢௣௧}�
�;ݒ� �௜ାଵܫ������������
��������HQG�LI�
����HQG�for�
HQG�LI�

7KH� ILUVW� FDVH� LV� WKH� VZLWFK�XS� FDVH�

DYHUDJH� ELWUDWH� RI� WKH� FXUUHQW� UHSUHVHQWDWLRQ� VWLOO�

bitrate�(ܴ௜
௔௩௚ ൏ ܴ௜ାଵ

௢௣௧
���

࢝࢕࢒࡮ ൑ ࢏࡮ ൏
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)RU�WKH�switch-down�case�(%ORZ�≤�%L���%WK���

WKH�EXIIHU�WKUHVKROG�%WK�LV�GHWHUPLQHG�DV�IROORZV�

6LPLODU� WR� WKH� VZLWFK�XS� FDVH�� ZKHQ� D�

VHYHUHO\� QHJDWLYH� GHYLDWLRQ� YDOXH� LV� GHWHFWHG��

(δ���Bδ����DQG�WKH�FXUUHQW�YHUVLRQ�LV�VWLOO�KLJKHU�

WKDQ�WKH�RSWLPDO�YDOXH��� ���� ���� ���� ��� ���� ��RU�WKH��

FXUUHQW� VFHQH� LV� LQWHQVLYH� L�H�� FRQVXPHV�

signi¿cant�network�resource� �� �� � � � �� � � � � � � � �� the��
FOLHQW� UHGXFH� WKH� TXDOLW\� OHYHO� LQ� WKH� QH[W�

VHJPHQW�

:H� DFWLYDWH� WKH� stable� FDVH� ZKHQ� WKH�
FXUUHQW� EXIIHU� OHYHO� LV� LQ� >%WK��%KLJK���7KH� UDQJH�

LV� FRQVLGHUHG� WR� EH� VDIH�� WKXV� WKH�FOLHQW� GR�QRW�

FKDQJH� WKH� VHJPHQW� UHSUHVHQWDWLRQ� LQ� WKH� QH[W�

UHTXHVW�

7KH� ODVW� FDVH�� assisted� switch-down�� LV�
LQGLFDWHG�E\�WKH�FRQGLWLRQ�%i����%low���7KH�GHFLVLRQ�

HQJLQH� �ZLOO�GRZQJUDGH�WKH�YLGHR�TXDOLW\�WR�DQ�

DGHTXDWH�ELWUDWH�ZKLOH�WKH�FRQWUROOHU�SURSRVHV�D�

QHZ�SDWK�ZLWK�LPSURYHG�GHOLYHULQJ�FDSDELOLW\�DV�

GLVFXVVHG�LQ�6HFWLRQ�����

3.�PERFORMANCE�EVALUATION

3.1.�Experiment�setup

7KH� WHVW�EHG� VHWXS� LQ� WKLV� SDSHU� LV� LOOXVWUDWHG�

DV�)LJXUH����7KH�WHVW�YLGHR�LV�D�VKRUW�DQLPDWLRQ�

PRYLH�QDPHG�(OHSKDQWV�'UHDP��ZKLFK�LV�9%5�

HQFRGHG�DW����YHUVLRQV�ZLWK�GLIIHUHQW�TXDQWL]DWLRQ�

parameters�(QPs).�In�the�experiments,�we�set�the�
QP�values�to�be�(13,�16,�19,�22,�25,�28,�31,�34,�
�����������������(DFK�YHUVLRQ�LV�GLYLGHG�LQWR�WZR�

VHFRQG�VHJPHQWV�

Figure�4.�([SHULPHQWDO�QHWZRUN�WRSRORJ\�

)RU�RXU�SURSRVHG�VROXWLRQ��WKH�DGDSWDWLRQ�

ORJLF�LV�DGRSWHG�ZLWK�WKH�IROORZLQJ�SDUDPHWHUV��

%low� ���s,�Bhigh� ���s,�Bmax� ����s��DQG�δ� ������
)RU�VLPXODWLRQ��ZH�XVH�UHDO�FDSWXUHG�EDQGZLGWK�

ZKHQ�VWUHDPLQJ�RQOLQH�YLGHRV�DUH� VHQW� WKURXJK�

D�:L�)L� QHWZRUN� DV� LQ� )LJXUH� ��� 7KH� DYHUDJH�

ODWHQF\� LV�DURXQG����PV��ZKLOH� WKH�SDFNHW�ORVV�

UDWH�YDULHV�IURP���WR�����7KH�SDUDPHWHUV�LQ�WKH�

equation�(1)�are�¿xed:�n�=�4,�α� ����W� �>�s���s���s@���
7KH� WKUHVKROG� EDQGZLGWK� RI� WKH� PRQLWRULQJ�

SURFHVV� %:th�  � �����NESV�� ,Q� D� 1RQ�6'1�

QHWZRUN�>���@��GDWD�SDFNHWV�WUDYHO�DORQJ�WKH�SDWK�

VXFK� WKDW� PLQLPL]HV� WKH� QXPEHU� RI� KRSV�� L�H��

WKURXJK�VZLWFK�V��V��V���DV�LOOXVWUDWHG�LQ�)LJXUH���

Figure�5.�([SHULPHQWDO�EDQGZLGWKV�

3.2.�Experimental�results�and�discussion

5HVXOWV� RI� DOO� VFHQDULRV� DUH� VKRZQ� LQ� )LJXUH� ���

)LJXUH���DQG�)LJXUH����5HVXOWV�IRU�9%5�DGDSWLYH�

YLGHR� VWUHDPLQJ� RYHU� +773� SURWRFRO� ZLWKRXW�

6'1� DUH� VKRZQ� LQ� )LJXUH� �D�� $QG� WKH� VDPH�

UHVXOWV� LQ� GLIIHUHQW� FDVHV� SHULRGLFDO� URXWLQJ�

ZLWK� 6'1� ZKLFK� DUH� JLYHQ� LQ� )LJXUH� �E�� �F��

�G��5HVXOWLQJ� RI� WKH� DGDSWLYH� URXWLQJ�ZLWK� DQG�

ZLWKRXW�PRQLWRULQJ�SURFHVV�DUH�VKRZQ�LQ�)LJXUH�

�D���E��)LQDOO\��FRPSDUDWLYH�UHVXOWV�RI�WKH�TXDOLW\�

DVVHVVPHQW�SDUDPHWHUV�DUH� VKRZQ�LQ�)LJXUH��D��

�E��,Q�RUGHU�WR�HYDOXDWH�PRUH�DFFXUDWHO\�IRU�WKH�

DERYH�VROXWLRQV��ZH�FDQ�ORRN�DW�7DEOH���
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(a)�Non-SDN (b)�t�=�2s

(c)�t�=�4s (d)�t�=�6s

Figure�6.�Result�of�Non-SDN�case�(a)�and�Results�of�Periodical�Routing�with�SDN�case�(b,�c,�d).

Figure�7.�Results�of�Adaptive�Routing�without�(a)�and�with�(b)�monitoring.

(a) (b)



47

48<�1+21�81,9(56,7<
6&,(1&(-2851$/�2)

Quy�Nhon�University�Journal�of�Science,�����,�16(5),������
KWWSV���GRL�RUJ����������TQMV�����������

Figure�8.�Comparison�of�actual�(a)�and�average�(b)�bitrate�results.

Table�2.�6WDWLVWLFV�RI�GLIIHUHQW�PHWKRGV�

StatisticV Non-
SDN

SDN-based�Periodical�
RoutiQJ SDN-based�Adaptive�Routing

t��=��V t��=�4s t��=�6s Without�
Monitoring

With�
Monitoring

Average�bitrate�(kbps) ���� ���� ���� ���� ����� �����

3URSRUWLRQ�RI�YHUVLRQ�

≥�8.000kbps�(%) ���� ���� ���� ���� ���� ����

Average�buffer�(s) �� �� �� �� �� ��

Proportion�of�buffer��<�15s�(%) ��� ��� ��� ��� ��� ���

1XPEHU�RI�YHUVLRQ�VZLWFK�GRZQV �� � �� �� � �

Controller�Workload�(%) 1�$ ����� ����� ����� ����� �����

(a) (b)

$V� VKRZQ� LQ� 7DEOH� ��� WKH� SURSRVHG�

PHWKRGV�FDQ�LPSURYH�VRPH�4R(�SDUDPHWHUV�IRU�

XVHUV��)RU�WKH�3HULRGLFDO�5RXWLQJ�FDVH��WKH�RYHUDOO�

YLGHR�TXDOLW\�LV�LPSURYHG�E\�H[SORLWLQJ�WKH�GDWD�

WUDQVSRUW�FDSDELOLW\�RI�DOO�WKH�SDWKV�UDWKHU�WKDQ�RI�

D�VLQJOH�SDWK�DV�LQ�1RQ�6'1�QHWZRUNV��

1RQHWKHOHVV�� D� KLJKHU�VZLWFKLQJ� SHULRG� t�
UHVXOWV�LQ�D�VOLJKW�GURS�LQ�WKH�DYHUDJH�ELWUDWH��7KLV�

PHWKRG�GHPDQGV� LQWHQVLYH� FRPSXWLQJ� FDSDFLW\�

IURP�WKH�FRQWUROOHU��

7KH� PHWKRG� RI� $GDSWLYH� 5RXWLQJ� ZLWK�

0RQLWRULQJ� GHOLYHUV� WKH� SDUDPRXQW� DYHUDJH�

ELWUDWH� RI� ������� NESV�� QHDUO\� WZLFH� WKH� 1RQ�

SDN�case�(5,767�kbps).�In�addition,�the�average�
EXIIHU��WKH�SHUFHQWDJH�RI�DYHUDJH�ELWUDWH�LV�KLJKHU�

than�8.000kbps�(suf¿cient�IRU�HQFRGLQJ�)XOO�+'�

YLGHRV��DQG�WKH�SHUFHQWDJH�RI�ORZ�EXIIHU�VWDWXV�

DUH�DOO�H[FHSWLRQDO��,WV�VL[�YHUVLRQ�VZLWFK�GRZQV�

DOVR� UHFRUG� WKH� XQGHUPRVW� QXPEHU� DPRQJ� DOO��

SURYLGLQJ�D�VPRRWKHU�YLGHR�TXDOLW\��7R�DFKLHYH�

VXFK� D� SHUIRUPDQFH�� WKH� FRQWUROOHU� KDV� WR�

RSHUDWH�PRUH�ODERULRXVO\�WKDQ�WKDW�ZLWKRXW�SDWK�

monitoring�(66.96%�compared�to�62.95%).

,Q�RWKHU�ZRUGV��WKH�$GDSWLYH�5RXWLQJ�ZLWK�

Monitoring�method�is�the�most�ef¿cient�method;�
WKH� FRQWUROOHU� XWLOL]DWLRQ� LV� WDNHQ� LQWR� DFFRXQW��

WKH�$GDSWLYH� 5RXWLQJ� ZLWKRXW� 0RQLWRULQJ� VWLOO�

SURYLGHV� DFFHSWDEOH� SHUIRUPDQFH� LQ� WKH� YLGHR�

SHUFHLYLQJ�H[SHULHQFH�

4.�CONCLUSION�

,Q�WKLV�SDSHU��ZH�KDYH�SUHVHQWHG�D�QRYHO�DGDSWLYH�

VWUHDPLQJ� PHWKRG� RI� 9%5� YLGHRV� RYHU� +773�
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4X\�1KRQ�8QLYHUVLW\�-RXUQDO�RI�6FLHQFH��������������������

LQFRSRUDWLQJ� ZLWK� WKH� G\QDPLF� QHWZRUN� SDWK�

DOORFDWLRQ�RYHU�6'1��$Q�H[WHQVLYH�H[SHULPHQWV�

KDV�EHHQ�FRQGXFWHG�WR�VWXG\�WKH�SHUIRUPDQFH�RI�

RXU�DOJRULWKP�ZLWK�DQG�ZLWKRXW�WKH�DLG�RI�6'1��

7KH�H[SHULPHQWV�KDYH�VKRZHG�WKDW�WKH�SURSRVHG�

VROXWLRQ�RXWSHUIRUPV�H[LVWLQJ�1RQ�6'1�PHWKRGV�

ZLWK�XS�WR������YLGHR�ELWUDWH�LPSURYHPHQW�

7R�GHYHORS�WKLV�DUFKLWHFWXUH�LQ�WKH�IXWXUH��

ZH�FRXOG�EURDGHQ�WKH�QHWZRUN�WRSRORJ\�DQG�DGG�

KHWHURJHQHRXV� W\SHV�RI�FOLHQWV�ZKLFK�VKDUH� WKH�

VDPH�QHWZRUN� UHVRXUFHV�� 7KH�RSWLPL]HG�PRGHO�

VKRXOG�FRQVLGHU� WKH�FOLHQW�SURSHUWLHV�WR�SURYLGH�

traf¿c�balance,� stability� and� fairness�among�all�
GHYLFHV�

$FNQRZOHGJPHQW��

7KLV� UHVHDUFK� LV� FRQGXFWHG� ZLWKLQ� WKH�
IUDPHZRUN�RI�VFLHQFH�DQG�WHFKQRORJ\�SURMHFWV�DW�
LQVWLWXWLRQDO�OHYHO�RI�4X\�1KRQ�8QLYHUVLW\�XQGHU�
WKH�SURMHFW�FRGH�7������������

5()(5(1&(6

��� 7��&��7UXRQJ��'��4��+R��-��:��.DQJ��$��7��3KDP��

$GDSWLYH�VWUHDPLQJ�RI�DXGLRYLVXDO�FRQWHQW�XVLQJ�

03(*� '$6+�� ,(((� 7UDQVDFWLRQV� &RQVXPHU�
(OHFWURQLFV�����������������±���

��� 7�� &�� 7UXRQJ�� +�� 7�� /H�� +�� ;�� 1JX\HQ�� $�� 7��

3KDP��-��:��.DQJ��DQG�<��0��5R��$GDSWLYH�YLGHR�

VWUHDPLQJ� RYHU� +773� ZLWK� G\QDPLF� UHVRXUFH�

HVWLPDWLRQ�� -RXUQDO� RI� &RPPXQLFDWLRQ� DQG�
1HWZRUNV������������������±����

�����7��&��7UXRQJ��+��7��/H��$��7��3KDP��DQG�<��0��5R��

$Q�HYDOXDWLRQ�RI�ELWUDWH�DGDSWDWLRQ�PHWKRGV�IRU�

+773�OLYH�VWUHDPLQJ��,(((�-RXUQDO�RQ�6HOHFWHG�
$UHDV� LQ� &RPPXQLFDWLRQV�� ������ ������� ���±
����

�����7��9X��+��7��/H��'��9��1JX\HQ��1��1��3KDP��DQG�

7��&��7UXRQJ��)XWXUH�EXIIHU�EDVHG�DGDSWDWLRQ�IRU�

9%5�YLGHR� VWUHDPLQJ� RYHU� +773������� ,(((�
��WK� ,QWHUQDWLRQDO� :RUNVKRS� RQ� 0XOWLPHGLD�
6LJQDO�3URFHVVLQJ��0063�������������

�����7�� +�� 3KDP�� $�� '�� 1JX\HQ�� 7�� 1JX\HQ�� +�� 7��

7UXRQJ��DQG�1��1��3KDP��$GDSWDWLRQ�PHWKRG�IRU�

VWUHDPLQJ� RI�&%5�YLGHR� RYHU�+773� EDVHG� RQ�

software�de¿ned�networking,������,QWHUQDWLRQDO�
&RQIHUHQFH� RQ� $GYDQFHG� 7HFKQRORJLHV� IRU�
&RPPXQLFDWLRQV�������������±����

���� 1�� 0F.HRZQ� HW� DO�� 2SHQ)ORZ�� (QDEOLQJ�

LQQRYDWLRQ� LQ� FDPSXV� QHWZRUNV�� $&0�
6,*&200�&RPSXWHU�&RPPXQQLFDWLRQ�5HYLHZ��
�������������������

�����+� (�� (JLOPH]�� 6�� &LYDQODU�� DQG�$�� 0�� 7HNDOS��

$Q� RSWLPL]DWLRQ� IUDPHZRUN� IRU� 4R6�HQDEOHG�

adaptive� video� streaming� over� openÀow�
QHWZRUNV�� ,(((� 7UDQVDFWLRQV� RQ� 0XOWLPHGLD��
����������������±����

�����+��(��(JLOPH]�DQG�$��0��7HNDOS��'LVWULEXWHG�4R6�

DUFKLWHFWXUHV� IRU� PXOWLPHGLD� VWUHDPLQJ� RYHU�

software� de¿ned� networks,� ,(((� 7UDQVDFWLRQV�
RQ�0XOWLPHGLD�������������������±�����

�� %HQWDOHE�� $�� &�� %HJHQ�� 5�� =LPPHUPDQQ��

DQG� 6�� +DURXV�� 6'1+$6�� $Q� 6'1�HQDEOHG�

DUFKLWHFWXUH�WR�RSWLPL]H�4R(�LQ�+773�DGDSWLYH�

VWUHDPLQJ�� ,(((� 7UDQVDFWLRQV� RQ� 0XOWLPHGLD��
������������������±�����

����� (�� /LRWRX�� .�� 6DPGDQLV�� (�� 3DWHURPLFKHODNLV��

1��3DVVDV��/��0HUDNRV��4R(�6'1�$33��$�UDWH�

JXLGHG� 4R(�6'1� $33�� $� UDWH�JXLGHG� 4R(�

DZDUH� 6'1�$33� IRU� +773� DGDSWLYH� YLGHR�

VWUHDPLQJ�� ,(((� -RXUQDO� RQ� 6HOHFWHG�$UHDV� LQ�
&RPPXQLFDWLRQV�����������������������

����� +�� 1�� 1JX\HQ�� 7��9X�� +�� 7�� /H�� 1�� 1�� 3KDP��

DQG� 7�� &�� 7UXRQJ�� 6PRRWK� TXDOLW\� DGDSWDWLRQ�

PHWKRG� IRU� 9%5� YLGHR� VWUHDPLQJ� RYHU� +773��

����� ,QWHUQDWLRQDO� &RQIHUHQFH� RQ� &RPSXWLQJ��
0DQDJHPHQW� DQG� 7HOHFRPPXQLFDWLRQV�
&RP0DQ7HO����������������±����


