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1.INTRODUCTION

DUE TO THE GROWING IMPORTANCE THAT CONTENT SHARING APPLICATIONS ARE EXPERIENCING IN
OUR EVERYDAY LIFE [1], THE EMERGING CONTENT CENTRIC NETWORKING (CCN) PARADIGM [2]
REPRESENTS THE MOST ATTRACTIVE SOLUTION FOR DRIVING THE CURRENT HOST-BASED INTERNET
SYSTEM TOWARDS A NOVEL ARCHITECTURE FOCUSED AROUND THE CONTENT-CENTRIC CONCEPT.
BASICALLY, THE COMMUNICATION IN CCN REQUIRES THE ADOPTION OF ONLY TWO TYPES OF
MESSAGES, NAMELY INTEREST AND DATA [2]. A USER MAY ASK FOR A SPECIFIC CONTENT BY ISSUING
AN INTEREST, WHICH IS ROUTED ACROSS THE NETWORK TOWARDS NODES IN POSSES OF THE
REQUIRED INFORMATION, THUS TRIGGERING THEM TO REPLY WITH DATA PACKETS. WHILE ROUTING
OPERATIONS ARE PERFORMED BY THE STRATEGY LAYER ONLY FOR INTEREST PACKETS, DATA
MESSAGES ARE SENT BACK TO REQUESTING USERS JUST FOLLOWING THE REVERSE PATH OF THE
INTEREST, ALLOWING EVERY INTERMEDIATE NODE TO CACHE THE FORWARDED CONTENT.

DURING PAST FEW YEARS, CCN OBTAINED A VERY WARM ATTENTION IN THE SCIENTIFIC
COMMUNITY. THIS IS TESTIFIED BY THE PRESENCE OF SEVERAL STUDIES THAT HAVE ALREADY
INVESTIGATED CACHING POLICIES AND DATA-TRANSFER PERFORMANCES [3][4][5], CONGESTION
CONTROL ISSUES [6], AND ROUTING STRATEGIES [7][8]. ON THE OTHER HAND, THE GROWING
DEMAND FOR MULTIMEDIA SERVICES HAS DRIVEN SOME RESEARCHERS TO FOCUS THEIR ATTENTION
ALSO TO THE DESIGN OF SOPHISTICATED TECHNIQUES ENABLING THE TRANSMISSION OF VIDEO AND
VOICE CONTENTS OVER CCN NETWORKS. IN THIS CONTEXT, THE MANAGEMENT OF REAL-TIME
VIDEO TRANSMISSIONS HAS POINTED OUT SOME CHALLENGES, WHICH HAVE BEEN DIFFICULT TO
FACE. UNLIKE VIDEO-ON- DEMAND, IN FACT, THE REAL-TIME VIDEO DISTRIBUTION HAS TO DEAL
WITH A SPECIFIC CLASS OF PROBLEMS TO ENSURE THE TIMELY DELIVERY OF AN ORDERED STREAM
OF CHUNKS. MOREOVER, VIDEO CHUNKS HAVE TO BE RECEIVED WITHIN A GIVEN TIME INTERVAL
(THE PLAYOUT DELAY), BEFORE BEING ACTUALLY PLAYED. A CHUNK NOT DELIVERED BEFORE SUCH
TIME DEADLINE WILL RESULT IN DEGRADATION OF THE RENDERED VIDEO. TO OVERCOME SUCH
ISSUES, VERY PROMISING WORKS HAVE BEEN PROPOSED IN LITERATURE. THE ARCHITECTURE
PRESENTED IN [9] HAS BEEN DESIGNED FOR MAPPING HTTP- BASED STREAMING APPLICATIONS IN A
CCN. A NOVEL COOPERATIVE CACHING STRATEGY ENABLING TIME-SHIFTED TV SERVICES HAS
BEEN DISCUSSED IN [10]. A TIME-BASED INTEREST PROTOCOL IS PROPOSED IN [11] IN WHICH A USER
SENDS A SPECIFIC INTEREST MESSAGE ASKING FOR A GROUP OF CONTENTS GENERATED BY THE
SERVER DURING A SPECIFIC TIME INTERVAL. SIMILARLY TO THE PREVIOUS PAPER, ALSO IN [12]
ISPROPOSED A MECHANISM THROUGH WHICH A USER MAY REQUEST FOR MULTIPLE DATA PACKETS
BY ISSUING ONE INTEREST MESSAGE.

TO COMPLEMENT SUCH INTERESTING CONTRIBUTIONS, IN OUR VERY RECENT PAPER [13] WE
DESIGNED A NOVEL ARCHITECTURE, CALLED CCN-TV, SUPPORTING DATA-CENTRIC REAL-TIME
STREAMING SERVICES. IN THIS PAPER, WE WILL EVALUATE THE PERFORMANCE OF THE CCN-TV
SYSTEM IN A MORE COMPLEX NETWORK SCENARIO, THUS DEMONSTRATING ITS EFFECTIVENESS IN



MORE REALISTIC AND HIGHER LOADED NETWORK CONDITIONS. IN ADDITION, AN IN DEPTH ANALYSIS
OF THE ROLE THAT SOME OF THE MAIN COMPONENTS OF A CCN NODE, 1.E., THE CACHE AND THE
PENDING INTEREST TABLE (PIT) TABLE, HAVE IN THE PRESENCE OF REAL-TIME SERVICES, AS WELL
AS THE COMPARISON WITH RESPECT TO A BASELINE SCENARIO WHERE THESE FEATURES ARE NOT
IMPLEMENTED, WILL BE PROVIDED TOO.

2. THE CCN-TV ARCHITECTURE

IN CCN-TV WE CONSIDER A NETWORK OF NODES REQUESTING DIFFERENT REAL-TIME VIDEO
STREAMS, IDENTIFIED BY A CHANNELID, SERVED BY ONE OR MORE SERVERS. UNLIKE CANONICAL
UDP/TCP-BASED STREAMING, IN CCN-TV EACH VIDEO IS DIVIDED IN CONSECUTIVE CHUNKS,
IDENTIFIED BY A PROGRESSIVE CHUNK NUMBER, THAT HAVE TO BE REQUESTED INDIVIDUALLY, VIA A
DEDICATED INTEREST. THIS FUNDAMENTAL ASPECT NATURALLY SUPPORTS THE IMPLEMENTATION
OF A FLOW CONTROL MECHANISM THROUGH WHICH EACH USER CAN EXPLICITLY REQUEST FOR NEW
CHUNKS JUST WHEN THE OLD ONES HAVE BEEN RECEIVED (OR IN THE CASE THEY ARE NOT MORE
USEFUL BECAUSE OUT OF DELAY). IN LINE WITH THESE PREMISES, A CHANNEL BOOTSTRAP PHASE, A
FLOW CONTROL STRATEGY, AND AN EFFICIENT MECHANISM FOR RETRANSMITTING INTEREST PACKETS
HAVE BEEN DESIGNED WITHIN THE CCN-TV ARCHITECTURE. FOR ENABLING THESE
FUNCTIONALITIES WE NEED TO EXTEND THE BASIC STRUCTURE OF THE INTEREST PACKET BY
INTRODUCING AN ADDITIONAL STATUS FIELD MARKING IF THE INTEREST IS RELATED TO THE
CHANNEL BOOTSTRAP PHASE OR TO A RETRANSMISSION. IN THE CASE IT IS NECESSARY TO BE
CONFORMED TO CLASSICAL CCN MESSAGES, THIS FIELD CAN BE EASILY REPLACED BY AN
ADDITIONAL ENTRY IN THE CONTENT NAME.

THE CHANNEL BOOTSTRAP PHASE

DUE TO VIDEO CODEC REQUIREMENTS, A VIDEO STREAM CAN BE VISUALIZED AT THE USER SIDE
ONLY ONCE A SPECIFIC I- FRAME HAS BEEN RECEIVED. THEREFORE, TO BOOTSTRAP A TV CHANNEL,
A CLIENT HAS TO FIND THE CLOSEST SERVER AND GATHER FROM IT THE CHUNK (AND THE
CORRESPONDING CHUNKID) OF THE LAST GENERATED [-FRAME. TO THIS END, IT SENDS AN INTEREST
PACKET FOR THE URI: [DOMAIN]/[CHANNELID], WITH THE STATUS FIELD SET TO BOOTSTRAP AND
A NONCE FIELD CONTAINING A UNIQUELY GENERATED VALUE. IN THIS WAY, THE MESSAGE WILL
TRAVEL UNBLOCKED UNTIL THE FIRST GOOD STREAM REPOSITORY, THAT WILL ANSWER WITH A
DATA PACKET PROVIDING INFORMATION ABOUT THE FIRST CHUNK OF THE LAST GENERATED I-
FRAME. ONCE THE USER RECEIVED THIS DATA PACKET, IT WILL REQUEST SUBSEQUENT CHUNKS,
USING A SLIDING WINDOW MECHANISM DETAILED IN THE FOLLOWING.

THE FLOW CONTROL MECHANISM

A SLIDING WINDOW MECHANISM HAS BEEN PROPERLY DESIGNED FOR ENABLING THE USER TO
REQUEST SUBSEQUENT CHUNKS OF A VIDEO CONTENT. FIRST, LET US DEFINE PENDING CHUNK AND
PENDING WINDOW AS THE CHUNK WHOSE INTEREST HAS BEEN SENT BY THE NODE AND THE WINDOW
CONTAINING W DIFFERENT PENDING CHUNKS NOT YET RECEIVED, RESPECTIVELY. IN DETAILS,
TOGETHER WITH THE CHUNKID, WE STORE IN THE PENDING WINDOW THE TIMESTAMP OF THE FIRST
REQUEST AND THE TIMESTAMP OF THE LAST RETRANSMISSION. HENCE, WHENEVER A NEW DATA
MESSAGE IS RECEIVED, OR IF THE NODE DOES NOT RECEIVE ANY DATA FOR AT LEAST
WINDOWTIMEOUT SECONDS, THE FOLLOWING OPERATIONS ARE PERFORMED: (1) PURGE THE



PENDING WINDOW FROM ALL THE CHUNKS WHO ARE EXPIRED, I.E., WHO HAVE ALREADY BEEN
PLAYED; (2) RETRANSMIT ALL CHUNKS THAT HAVE NOT BEEN RECEIVED WITHIN THE
WINDOWTIMEOUT; (3) TRANSMIT, FOR EACH SLOT THAT GOT FREED BY THE RECEIVED OR EXPIRED
CHUNKS, THE INTEREST FOR A NEW ONE.

INTEREST ROUTING

NORMALLY, A CCN NODE DOES NOT PROPAGATE INTEREST PACKETS RELATED TO CONTENTS
ALREADY REQUESTED BY OTHER USERS IN THE PAST BUT NOT YET SATISFIED WITH CORRESPONDING
DATA PACKETS [2]. THE PIT TABLE IS USED TO KEEP TRACK OF INTEREST PACKETS THAT HAVE BEEN
FORWARDED UPSTREAM TOWARDS CONTENT SOURCES, COMBINING THEM WITH THE RESPECTIVE
ARRIVAL FACES, THUS ALLOWING THE PROPERLY DELIVERY OF BACKWARD DATA PACKETS SENT IN
RESPONSE TO INTERESTS. IT IS IMPORTANT TO NOTE THAT THIS MECHANISM PREVENTS THE
PROPAGATION OF RETRANSMITTED INTEREST PACKETS, THUS COMPROMISING THE RIGHT BEHAVIOR
OF CCN-TV. IN ORDER TO FORCE THE PROPAGATION OF RETRANSMITTED INTERESTS, THE STATUS
FIELD IS SET TO RETRANSMISSION: THIS CONFIGURATION WOULD IMPOSE NODES ALONG THE
ROUTING PATH TO PROPAGATE IT VERSUS THE ROUTER THAT CAN SATISFY THIS REQUEST (I.E., BY
SKIPPING THE USUAL CCN MECHANISM).

3. PERFORMANCE EVALUATION OF CCN-TV

WE EVALUATED PERFORMANCES OF CCN-TV ARCHITECTURE, THROUGH COMPUTER SIMULATIONS
CARRIED OUT WITH CCNSIM, AN OPEN SOURCE AND SCALABLE CHUNK LEVEL SIMULATOR OF CCN,
BUILT ON TOP OF THE OMNET++ FRAMEWORK [ 14].

NETWORK CONFIGURATION AND SYSTEM PARAMETERS

DIFFERENTLY FROM [13], WE CONSIDERED A MORE COMPLEX NETWORK ARCHITECTURE COMPOSED
BY 68 ROUTERS CONNECTED AMONG THEM ACCORDING TO THE DEUTSCHE TELEKOM TOPOLOGY
[15]. A CCN NODE IS DIRECTLY INSTALLED TO EACH ROUTER AND NO TCP orR UDP
ENCAPSULATION HAS BEEN IMPLEMENTED. WE ASSUME THE PRESENCE OF ONLY ONE SMALL VIDEO-
STREAMING PROVIDER THAT OFFERS 5 PARALLEL REAL-TIME TRANSMISSIONS TO REMOTE CLIENTS,
EACH ONE CONNECTED TO ONE ROUTER OF THE DEUTSCHE TELEKOM NETWORK. IN EVERY
SIMULATION ROUND, EACH VIDEO CONTENT IS MAPPED TO A VIDEO STREAM COMPRESSED USING
H.264 AT AN AVERAGE CODING RATE RANDOMLY CHOSEN IN THE RANGE [250, 2000] KBPS. ON THE
OTHER HAND, EVERY CLIENT CHOOSES TO WATCH ONE SPECIFIC TV CHANNEL BASED ON ITS
POPULARITY, WHICH HAS BEEN MODELED THROUGH THE ZIPF DISTRIBUTION (IN LINE WITH [13] WE
SET A=1). IN OUR TESTS, WE ADOPTED THE OPTIMAL ROUTING STRATEGY, ALREADY AVAILABLE
WITHIN THE CCNSIM FRAMEWORK [ 14]. ACCORDING TO IT, INTEREST PACKETS ARE ROUTED
TOWARDS THE VIDEO SERVER ALONG THE SHORTEST PATH. MOREOVER, THREE CACHING
STRATEGIES HAVE BEEN CONSIDERED IN OUR STUDY: NO-CACHE, LRU, AND FIFO. WHEN WELL-
KNOWN LRU OR FIFO POLICIES ARE ADOPTED, WE SET THE SIZE OF THE CACHE TO 210 MBITS, LE.,
A TYPICAL VALUE FOR SRAM MEMORIES ALREADY AVAILABLE IN THE COMMERCE [16]. THE NO-
CACHE POLICY IS INTENDED TO EVALUATE THE PERFORMANCE OF THE CCN WITHOUT USING ANY
CACHING MECHANISM. FURTHERMORE, A BASELINE SCENARIO, IN WHICH THE NO-CACHE POLICY IS
ENABLED AND THE PIT TABLE IS TOTALLY DISABLED (THIS MEANS THAT EACH USER ESTABLISHES
WITH THE SERVICE PROVIDER A UNICAST COMMUNICATION AND THE SERVER SHOULD GENERATE A



DEDICATED DATA PACKET FOR EACH GENERATED INTEREST), HAS BEEN CONSIDERED AS REFERENCE
CONFIGURATION. REGARDING THE FLOW CONTROL MECHANISM, THE WINDOW SIZE W HAS BEEN
SET TO 10, ENSURING THAT FACES OF THE SERVER ARE ALMOST FULLY LOADED IN ALL CONSIDERED
SCENARIOS. THE TRANSMISSION QUEUE LENGTH ASSOCIATED TO EACH FACE, Q,
HASBEENSETINORDERTOBELARGERTHANQ=L¢ XT, WHERE Lc AND T REPRESENT THE LINK
CAPACITY AND THE MAXIMUM PROPAGATION DELAY IN THE CONSIDERED NETWORK TOPOLOGY,
RESPECTIVELY.

IN ORDER TO EVALUATE PERFORMANCES OF CCN-TV UNDER VARIOUS SYSTEM CONFIGURATIONS,
WE CONSIDERED DIFFERENT SETTINGS OF THE BANDWIDTH DEDICATED TO REAL-TIME SERVICES
(SET IN THE RANGE [40-100] MBPS), THE PLAYOUT DELAY (CHOSEN IN THE RANGE [10-20] S), AND
THE WINDOWTIMEOUT (CHOSEN IN THE RANGE [1/10-1/2] OF THE PLAYOUT DELAY). TO CONCLUDE,
EACH SIMULATION LASTS 300S AND ALL RESULTS HAVE BEEN AVERAGED OVER 15 SIMULATIONS.

SIMULATION RESULTS

THE CHUNK LOSS RATIO, WHICH REPRESENTS THE PERCENTAGE OF CHUNKS THAT HAVE NOT BEEN
RECEIVED IN TIME (I.E., BEFORE THE EXPIRATION OF THE PLAYOUT DELAY) BY CLIENTS, IS THE FIRST
IMPORTANT PARAMETER THAT WE REPORTED IN FIG. 1 WHICH DESCRIBES HOW CCN-TV SETTINGS
AFFECT THE QUALITY OF SERVICE OFFERED TO END USERS. WE NOTE THAT THE AMOUNT OF
DISCARDED CHUNKS IS VERY INFLUENCED BY THE PLAYOUT DELAY: THE HIGHEST PLAYOUT DELAY
ALLOWS THE CLIENT TO RECEIVE MORE DATA PACKETS BEFORE THE EXPIRATION OF THE TIME
DEADLINE, THUS REDUCING THE AMOUNT OF DISCARDED CHUNKS. IN ADDITION, THE REDUCTION OF
LINK CAPACITIES LEADS TO A HIGHER NUMBER OF LOST CHUNKS, DUE TO INCREASED LATENCIES
INDUCED BY NETWORK CONGESTION. BY HANDLING UNICAST COMMUNICATIONS, THE BASELINE
SCENARIO GENERATES THE HIGHEST NETWORK CONGESTION LEVEL, THUS REGISTERING THE WORST
PERFORMANCES. FROM THIS FINDING EMERGES THE IMPORTANT ROLE THAT BOTH CACHE AND PIT
TABLE HAVE ON NETWORK PERFORMANCES.

(B) FIGURE 2. PSNR OF RECEIVED VIDEO FLOWS WHEN THE PLAYOUT DELAY HAS BEEN SET TO (A)
10s AND (B) 20s.

TO PROVIDE A FURTHER INSIGHT, WE ALSO REPORTED IN FIG. 3 THE PERCENTAGE OF INTEREST
PACKETS SENT BY USERS AND DIRECTLY RECEIVED BY THE SERVICE PROVIDER. IN THE BASELINE
SCENARIO, THE TOTAL AMOUNT OF GENERATED INTERESTS REACH THE REMOTE SERVER, THUS
EXCESSIVELY OVERLOADING ITS FACES. BY ENABLING THE PIT TABLE, EVEN WITHOUT
IMPLEMENTING ANY CACHING MECHANISM, THE SYSTEM IS ABLE TO HALVE THE TRAFFIC LOAD AT
THE SERVER SIDE, THUS IMPROVING SIGNIFICANTLY NETWORK PERFORMANCES. FINALLY, THE
TRAFFIC LOAD HANDLED BY THE SERVER FURTHER REDUCES WHEN A CACHE POLICY IS ACTIVATED.
ANYWAY, IT IS EVIDENT THAT, IN THE PRESENCE OF REAL-TIME FLOWS, THE CACHE DOES NOT
REPRESENT AN IMPORTANT CCN FEATURE BECAUSE IT IS NOT ABLE TO GUARANTEE A NOTABLE
IMPROVEMENT OF SYSTEM PERFORMANCES WITH RESPECT TO THE CASE IT IS NOT USED. ON THE
OTHER HAND, WE NOTICED THAT THE PIT PLAYS A MORE RELEVANT ROLE. IN FACT, IN PRESENCE OF
LIVE VIDEO STREAMING SERVICES, CLIENTS THAT ARE CONNECTED TO A CHANNEL REQUEST SAME
CHUNKS SIMULTANEOUSLY. IN THIS CASE, A CCN ROUTER HAS TO HANDLE MULTIPLE INTEREST
MESSAGES THAT, EVEN THOUGH SENT BY DIFFERENT USERS, ARE RELATED TO THE SAME CONTENT.
ACCORDING TO THE CCN PARADIGM, SUCH A NODE WILL STORE ALL OF THESE REQUESTS INTO THE



PIT, WAITING FOR THE CORRESPONDING DATA PACKET. AS SOON AS THE PACKET IS RECEIVED, THE
ROUTER WILL FORWARD IT TO ALL USERS THAT HAVE REQUESTED THE CHUNK IN THE PAST.
ACCORDING TO THESE CONSIDERATIONS, THE USE OF THE CACHE WILL NOT PRODUCE A

IN ORDER TO ESTIMATE THE QUALITY OF EXPERIENCE PERCEIVED BY END USERS, WE HAVE ALSO
COMPUTED PEAK SIGNAL TO NOISE RATIO (PSNR) OF RECEIVED VIDEO FLOWS (RESULTS ARE
SHOWN IN FIG. 2). IN LINE WITH PREVIOUS RESULTS, THE PNSR IS HIGHER IN THE SAME CASE IN
WHICH THE CHUNK LOSS RATIO IS LOWER. THIS MEANS THAT THE QUALITY OF TV SERVICES
IMPROVES WHEN WE INCREASE THE PLAYOUT DELAY AND THE LINK CAPACITY. ALSO IN THIS CASE,
WE REMARK THAT NO-CACHE, LRU, AND FIFO CACHING POLICIES OUTPERFORM ALWAYS THE
BASELINE SCENARIO.

RELEVANT GAIN OF NETWORK PERFORMANCES. INDEED, THE PIT HELPS REDUCING THE BURDEN AT
THE SERVER SIDE BY AVOIDING THAT MANY INTEREST PACKETS FOR THE SAME CHUNK ARE ROUTED
TO THE SERVER.

4. CONCLUSION

IN THIS WORK, WE INVESTIGATE THE PERFORMANCE OF THE CCN-TV ARCHITECTURE, WHICH HAS
BEEN PROPERLY DESIGNED TO OFFER REAL-TIME TV SERVICES IN CCN NETWORKS, UNDER
DIFFERENT SYSTEM SETTINGS. BESIDES HAVING SHOWN THE EFFECTIVENESS OF THE DISCUSSED
ARCHITECTURE, PRESENTED RESULTS HAVE HIGHLIGHTED THAT, DIFFERENTLY FROM ANY CACHING
POLICIES, THE PIT TABLE HAS A FUNDAMENTAL ROLE IN REDUCING THE BURDEN AT THE SERVER
SIDE IN THE PRESENCE OF REAL-TIME STREAMING SERVICES.
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