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(UNDERST ANDING END-TO-END DELAY IS FUNDAMENTAL IN THE REALM OF NET\WORK PERFORMANCE AND RELIABILITY. IN COMPLEX
NETWORK ARCHITECTURES INVOLVING MULTIPLE SERVERS AND INTERCONNECTED DEVICES, THE TOTAL TIME IT TAKES FOR DATA
TO TRAVEL FROM A SOURCE TO A DESTINATION—KNOWN AS END-TO-END DELAY—BECOMES A CRITICAL METRIC. THIS ARTICLE
EXPLORES THE CONCEPT OF END-TO-END DELAY IN DETAIL, USING A SCENARIO INVOLVING TEN INTERCONNECTED SERVERS, WITH A
FOCUS ON THE FOUR SERVERS DEPICTED IN THE DIAGRAM. WE WILL ANALYZE THE FACTORS INFLUENCING DELAY, BREAK DOWN ITS
COMPONENTS, AND DISCUSS METHODS TO MEASURE AND OPTIMIZE IT WITHIN SUCH NET\WORK CONFIGURATIONS.

WHAT IS END-TO-END DELAY?

END-TO-END DELAY REFERS TO THE TOTAL LATENCY EXPERIENCED BY A DATA PACKET AS IT MOVES THROUGH A NETWORK FROM
THE SOURCE DEVICE TO THE DESTINATION DEVICE. |T ENCOMPASSES ALL TYPES OF DELAYS ENCOUNTERED ALONG THE
TRANSMISSION PATH, INCLUDING PROCESSING, QUEUING, TRANSMISSION, AND PROPAGATION DELAYS.

CoMPONENTS OF END-TO-END DELAY

THE TOTAL DELAY CAN BE BROKEN DOWN INTO THE FOLLOWING PRIMARY COMPONENTS:
1. PROCESSING DELAY: TIME TAKEN BY ROUTERS OR SERVERS TO EXAMINE THE PACKET HEADER AND DETERMINE WHERE TO
FORWARD THE PACKET.
2. QUEUING DeLAY: TIME SPENT WAITING IN QUEUES AT ROUTERS OR SWITCHES DUE TO NETWORK CONGESTION.

3. TRANSMISSION DELAY: TIME REQUIRED TO PUSH ALL PACKET BITS ONTO THE LINK, DETERMINED BY THE PACKET'S SIZE
AND THE LINK'S BANDWIDTH.

4. PROPAGATION DELAY: TIME FOR A SIGNAL TO PROPAGATE THROUGH THE PHYSICAL MEDIUM FROM ONE POINT TO
ANOTHER, DEPENDING ON THE DISTANCE AND THE SPEED OF SIGNAL PROPAGATION.

THE SUM OF THESE DELAYS ACROSS ALL LINKS AND NODES ALONG THE COMMUNICATION PATH DETERMINES THE END-TO-END
DELAY.

SceNARIO OVERVIEW: TEN CONNECTED SERVERS

T O UNDERSTAND HOW END-TO-END DELAY MANIFESTS IN REAL-WORLD NETWORKS, CONSIDER A SCENARIO INVOLVING TEN
SERVERS INTERCONNECTED IN A COMPLEX TOPOLOGY. IN OUR SIMPLIFIED VISUALIZATION, FOUR OF THESE SERVERS ARE SHOWN
CONNECTING TO VARIOUS NETWORK DEVICES, WITH DATA POTENTIALLY TRAVERSING MULTIPLE INTERMEDIATE NODES BEFORE
REACHING ITS DESTINATION.



NETWORK ToPOLOGY DESCRIPTION

IN THIS SCENARIO:

- SERVER A ACTS AS THE SOURCE, INITIATING DATA TRANSFER.

- SERVER B, C, D, ..., ] ARE INTERCONNECTED VIA VARIOUS ROUTERS, SWITCHES, AND LINKS.

- THE NETWORK MAY INCLUDE DIFFERENT TYPES OF LINKS SUCH AS ETHERNET, FIBER OPTIC, OR WIRELESS CONNECTIONS.

- THE PATH FROM SERVER A TO SERVER J MAY INVOLVE PASSING THROUGH MULTIPLE INTERMEDIATE SERVERS AND NETWORKING
DEVICES.

THIS MULTI-HOP SETUP INTRODUCES VARIOUS DELAYS AT EACH STAGE, WHICH CUMULATIVELY AFFECT THE TOTAL END-TO-END
DELAY.

FACTORS INFLUENCING END-TO-END DELAY IN THE SCENARIO

SEVERAL FACTORS INFLUENCE THE TOTAL DELAY EXPERIENCED IN THIS NETWORK. UUNDERSTANDING THESE HELPS IN DIAGNOSING
BOTTLENECKS AND OPTIMIZING PERFORMANCE.

1. NETWORK ToPoLOGY AND PATH LENGTH

- THE NUMBER OF HOPS BETWEEN SOURCE AND DESTINATION DIRECTLY IMPACTS DELAY.

- LONGER PATHS WITH MORE INTERMEDIATE SERVERS OR ROUTERS INTRODUCE ADDITIONAL PROCESSING AND TRANSMISSION
DELAYS.

- THE PHYSICAL DISTANCES BETWEEN SERVERS CONTRIBUTE TO PROPAGATION DELAY, ESPECIALLY OVER LONG LINKS.

2. LiINk BANDWIDTH AND SPEED

- HIGHER BANDWIDTH LINKS CAN TRANSMIT DATA FASTER, REDUCING TRANSMISSION DELAY.
- BOTTLENECK LINKS WITH LOWER BANDWIDTH INCREASE OVERALL DELAY.

3. NETWOoRrk CONGESTION AND QUEUING

- CONGESTION LEADS TO QUEUES FORMING AT ROUTERS AND SW/ITCHES.
- INCREASED QUEUING DELAYS HAPPEN DURING PEAK TRAFFIC PERIODS, CAUSING VARIABILITY IN END-TO-END DELAY.

4. PrRocessING CAPABILITIES OF SERVERS AND DEVICES

- FASTER PROCESSING UNITS CAN HANDLE PACKETS MORE QUICKLY, REDUCING PROCESSING DELAY.
- LIMITED PROCESSING POWER CAN BECOME A BOTTLENECK, ESPECIALLY UNDER HIGH LOAD.

5. QUALITY AND TYPE OF LINKS

- WIRED LINKS LIKE FIBER OPTIC ARE FASTER AND HAVE LOWER DELAY.
- \WIRELESS LINKS TEND TO HAVE HIGHER PROPAGATION AND TRANSMISSION DELAYS DUE TO INTERFERENCE AND SIGNAL QUALITY.

MEASURING END-TO-END DELAY IN THE SCENARIO

ACCURATELY MEASURING THE TOTAL DELAY INVOLVES ANALYZING EACH COMPONENT ALONG THE DATA PATH. METHODS
INCLUDE!:



1. ACTIVE MEASUREMENT TOOLS

- PinG: SeEnDs ICMP ECHO REQUESTS TO MEASURE ROUND-TRIP TIME, PROVIDING AN APPROXIMATION OF DELAY.
- TRACEROUTE: MAPS THE PATH TAKEN BY PACKETS AND MEASURES DELAY AT EACH HOP.

2. PAssIVE MONITORING

- COLLECTS DATA FROM NETWORK DEVICES TO ANALYZE REAL TRAFFIC DELAYS.
- SUITABLE FOR ONGOING PERFORMANCE MONITORING.

3. SIMULATION AND MODELING

- USING NETWORK SIMULATION TOOLS LIKE NS-3 oR OPNET TO MODEL THE NETWORK AND ESTIMATE DELAYS BASED ON
TOPOLOGY AND PARAMETERS.

STRATEGIES TO MINIMIZE END-TO-END DELAY

OPTIMIZING NETWORK PERFORMANCE INVOLVES VARIOUS STRATEGIES, ESPECIALLY IN COMPLEX TOPOLOGIES WITH MULTIPLE
SERVERS.

1. RepucIiNg Hop CouNT AND PATH LENGTH

- USE SHORTEST PATH ROUTING ALGORITHMS.
- IMPLEMENT DIRECT LINKS WHERE FEASIBLE TO REDUCE INTERMEDIATE HOPS.

2. UPGRADING LINk CAPACITY

- REPLACE OR AUGMENT EXISTING LINKS WITH HIGHER BANDWIDTH OPTIONS.
- USE FIBER OPTICS FOR CRITICAL LINKS TO MINIMIZE TRANSMISSION DELAY.

3. MANAGING NETWORK CONGESTION

- IMPLEMENT QUALITY oF ServVICE (QOS) POLICIES TO PRIORITIZE LATENCY-SENSITIVE TRAFFIC.
- USE TRAFFIC SHAPING AND LOAD BALANCING TECHNIQUES.

4. ENHANCING PRrOCESSING CAPABILITIES

- UPGRADE ROUTERS AND SERVERS WITH FASTER PROCESSORS.
- USE HARDWARE ACCELERATION FOR PACKET PROCESSING.

5. EMPLOYING EFFICIENT PROTOCOLS

- UTILIZE PROTOCOLS OPTIMIZED FOR LOW LATENCY, SUCH AS UDP FOR REAL-TIME DATA.
- MINIMIZE PROTOCOL OVERHEAD WHERE POSSIBLE.



IMPACT OF END-TO-END DELAY ON NETWORK PERFORMANCE

HIGH END-TO-END DELAY CAN SEVERELY IMPACT USER EXPERIENCE AND APPLICATION PERFORMANCE:

VolP AND VIDEO CONFERENCING REQUIRE LOW LATENCY TO ENSURE CALL QUALITY.
* ONLINE GAMING DEPENDS ON MINIMAL DELAY FOR REAL-TIME INTERACTION.
e DATA SYNCHRONIZATION AND BACKUP OPERATIONS MAY BE SLOWED DOWN BY HIGH LATENCY.

® [N CLOUD COMPUTING ENVIRONMENTS, INCREASED DELAY CAN AFFECT APPLICATION RESPONSIVENESS.

CONVERSELYI LOW END-TO-END DELAY ENHANCES RESPONSIVENESS, USER SATISFACTION, AND OVERALL NETWORK EFFICIENCY.

CONCLUSION

UNDERST ANDING AND MANAGING END-TO-END DELAY IS CRUCIAL FOR DESIGNING EFFICIENT AND RELIABLE NETWORKS, ESPECIALLY
IN COMPLEX SCENARIOS INVOLVING MULTIPLE SERVERS AND DIVERSE CONNECTION TYPES. BY ANALYZING EACH
COMPONENT—PROCESSING, QUEUING, TRANSMISSION, AND PROPAGATION DELAYS——AND IMPLEMENTING TARGETED STRATEGIES,
NET\WORK ADMINISTRATORS CAN SIGNIFICANTLY OPTIMIZE PERFORMANCE. THE SCENARIO OF TEN INTERCONNECTED SERVERS
EXEMPLIFIES THE IMPORTANCE OF CONSIDERING ALL FACTORS INFLUENCING DELAY AND HIGHLIGHTS THE NEED FOR CONTINUOUS
MONITORING AND IMPROVEMENT TO MEET THE DEMANDS OF MODERN DIGITAL APPLICATIONS.

REMEMBER: EFFECTIVE NETWORK PLANNING, INFRASTRUCTURE UPGRADES, AND INTELLIGENT ROUTING ARE KEY TO MINIMIZING END~
TO~-END DELAY, ENSURING SWIFT AND DEPENDABLE DATA TRANSMISSION ACROSS COMPLEX SERVER ARCHITECTURES.

FREQUENTLY ASkeD QUESTIONS

\WHAT FACTORS PRIMARILY INFLUENCE THE END-TO-END DELAY IN A NETWORK WITH 10
INTERCONNECTED SERVERS?

THE PRIMARY FACTORS INCLUDE TRANSMISSION DELAY, PROCESSING DELAY AT EACH SERVER, QUEUING DELAY DUE TO NETWORK
CONGESTION, AND PROPAGATION DELAY ACROSS THE LINKS CONNECTING THE SERVERS.

How DOES INCREASING THE NUMBER OF SERVERS FROM 4 To 10 AFFECT THE END-TO-
END DELAY?

INCREASING THE NUMBER OF SERVERS GENERALLY INCREASES THE END-TO-END DELAY BECAUSE DATA MUST PASS THROUGH MORE
PROCESSING POINTS AND LINKS, ADDING CUMULATIVE PROCESSING AND TRANSMISSION DELAYS.

IN THE SCENARIO WITH 10 SERVERS, WHAT ROLE DOES LINK BANDWIDTH PLAY IN
MINIMIZING END-TO-END DELAY?

HIGHER LINK BANDWIDTH REDUCES TRANSMISSION DELAY BY ALLOWING FASTER DATA TRANSFER BETWEEN SERVERS, THEREBY
DECREASING THE OVERALL END-TO-END DELAY.



How CAN NETWORK TOPOLOGY IMPACT THE END-TO-END DELAY IN A SETUP WITH 10
SERVERS?

A MORE EFFICIENT TOPOLOGY WITH DIRECT LINKS AND MINIMAL HOPS REDUCES THE NUMBER OF TRANSMISSION AND PROCESSING
DELAYS, THEREBY LOWERING THE END-TO-END DELAY COMPARED TO A MORE COMPLEX OR CONGESTED NETWORK LAYOUT.

\WHAT STRATEGIES CAN BE EMPLOYED TO OPTIMIZE END-TO-END DELAY IN A MULTI-
SERVER ENVIRONMENT LIKE THE ONE SHOWN?

STRATEGIES INCLUDE OPTIMIZING ROUTING PATHS, INCREASING LINK BANDWIDTH, PRIORITIZING TRAFFIC, REDUCING PROCESSING
TIMES AT SERVERS, AND IMPLEMENTING QUALITY OF SERVICE (QOS) TECHNIQUES TO MANAGE CONGESTION AND MINIMIZE
DELAYS.

ADDITIONAL RESOURCES

1.4-3 EnD-To-END DELAY. CONSIDER THE SCENARIO SHOWN BeLow, WiTH 10 DIFFERENT SerVERS (FOUR SHOWN)
CONNECTED

IN TODAY’S INTERCONNECTED DIGITAL LANDSCAPE, UNDERSTANDING THE EFFICIENCY AND PERFORMANCE OF DATA TRANSMISSION
ACROSS NETWORKS IS CRUCIAL. A KEY METRIC IN EVALUATING NETWORK PERFORMANCE IS THE END-TO-END DELAY, WHICH
MEASURES THE TOTAL TIME TAKEN FOR A DATA PACKET TO TRAVEL FROM A SOURCE TO ITS DESTINATION. THIS DELAY
INFLUENCES THE RESPONSIVENESS OF APPLICATIONS, THE QUALITY OF VOICE AND VIDEO CALLS, AND THE OVERALL USER
EXPERIENCE. IN THIS ARTICLE, WE EXPLORE THE CONCEPT OF END-TO~END DELAY WITHIN A COMPLEX NETWORK SCENARIO
INVOLVING TEN INTERCONNECTED SERVERS, EMPHASIZING HOW THIS METRIC IMPACTS NETWORK PERFORMANCE, AND DISCUSSING
FACTORS THAT INFLUENCE IT.

(UNDERSTANDING END-TO-END DELAY
WHAT |s END-ToO-EnD DELAY?

END-TO-END DELAY REFERS TO THE TOTAL TIME TAKEN FOR A DATA PACKET TO BE TRANSMITTED FROM THE SOURCE DEVICE TO
THE DESTINATION DEVICE ACROSS A NETWORK. [T ENCOMPASSES ALL STAGES INVOLVED IN THIS JOURNEY, INCLUDING
PROCESSING DELAYS, QUEUING DELAYS, TRANSMISSION DELAYS, AND PROPAGATION DELAYS.

COMPONENTS OF END-TO-END DELAY:

1. PROCESSING DELAY: TIME TAKEN BY ROUTERS AND SWITCHES TO EXAMINE THE PACKET HEADER, DETERMINE WHERE TO SEND IT,
AND PERFORM ANY NECESSARY PROCESSING.

2. QUEUING DeLAY: TIME A PACKET SPENDS WAITING IN QUEUES WITHIN NETWORK DEVICES BEFORE BEING TRANSMITTED, WHICH
CAN VARY BASED ON NET\WORK CONGESTION.

3. TrANSMISSION DELAY: TIME REQUIRED TO PUSH ALL PACKET BITS ONTO THE TRANSMISSION MEDIUM, DEPENDS ON BANDWIDTH
AND PACKET SIZE.

4. PROPAGATION DELAY: TIME TAKEN FOR THE SIGNAL TO TRAVEL THROUGH THE PHYSICAL MEDIUM FROM ONE DEVICE TO
ANOTHER; INFLUENCED BY THE MEDIUM’S SPEED AND DISTANCE.

UNDERSTANDING THESE COMPONENTS HELPS NETWORK ENGINEERS DIAGNOSE ISSUES, OPTIMIZE PERFORMANCE, AND ENSURE
QUALITY oF serVICE (QoS).

THe Scenario: A NeTwork ofF 10 SERVERS

NETWORK TorPoLOGY OVERVIEW



IMAGINE A NETWORK SCENARIO WHERE TEN SERVERS ARE INTERCONNECTED TO FACILITATE DATA EXCHANGE FOR VARIOUS
APPLICATIONS—BE IT CLOUD SERVICES, DATA PROCESSING, OR WEB HOSTING. OUT OF THESE, FOUR SERVERS ARE SHOWN
EXPLICITLY, INTERCONNECTED IN A COMPLEX TOPOLOGY THAT MAY INCLUDE DIRECT LINKS, SWITCHES, ROUTERS, AND POSSIBLY
\WIRELESS CONNECTIONS.

IN SUCH A SETUP, DATA PACKETS MUST TRAVERSE MULTIPLE NODES, EACH ADDING TO THE TOTAL DELAY. THE NETWORK’S
DESIGN—SUCH AS LINK BANDWIDTH, DEVICE PROCESSING CAPABILITIES, AND ROUTING PROTOCOLS—PLAYS A CRUCIAL ROLE IN
THE RESULTING END-TO-END DELAY.

Key ASSUMPTIONS IN THIS SCENARIO

- MULTIPLE PATHS: DATA MAY TAKE DIFFERENT ROUTES DEPENDING ON NET\WORK CONDITIONS.

- VARIABLE TRAFFIC LOADS: SOME LINKS MAY EXPERIENCE HIGH TRAFFIC, INCREASING QUEUING DELAYS.

- DIFFEReNT LiNk QUALITIES: BANDWIDTHS AND PROPAGATION CHARACTERISTICS VARY ACROSS LINKS.

- ProcEssING CAPABILITIES: DEVICES HAVE DIFFERING PROCESSING SPEEDS, AFFECTING PROCESSING DELAYS.

- PACKET Size: THE SIZE OF DATA PACKETS INFLUENCES TRANSMISSION DELAYS.

(UNDERSTANDING THESE FACTORS ALLOWS US TO ANALYZE HOW EACH COMPONENT OF THE DELAY CONTRIBUTES TO OVERALL
PERFORMANCE IN THIS MULTI-SERVER ENVIRONMENT.

FACTORS INFLUENCING END-TO-END DELAY IN THE NETWORK
1. Link BANDWIDTH AND TRANSMISSION DELAY
THE BANDWIDTH OF EACH LINK DIRECTLY AFFECTS HOW QUICKLY DATA CAN BE TRANSMITTED BETWEEN NODES. FOR EXAMPLE:

- HIGH-BANDWIDTH LINKS REDUCE TRANSMISSION DELAYS, ENABLING FASTER DATA FLOW.
- LOWER-BANDWIDTH LINKS PROLONG TRANSMISSION TIMES, ESPECIALLY FOR LARGER PACKETS.

THe TRANSMISSION DELAY (\( T_{TrANS} \)) CAN BE CALCULATED AS:

\[ T_{rrans} = \rrac{\TexT{PackeT Size (BiITs)}}{\TexT{BanDWiDTH (BITS/SEC)}} \]

IN OUR SCENARIO, IF A SERVER TRANSMITS A 1,000,000-BIT PACKET oVER A 100 MBPS LINK, THE TRANSMISSION DELAY IS:
\[ T_{7rAns} = \Frac{1,000,000}{ 100,000,000} = 0.0 1 \TexT{ seconps} \]

A SIMILAR CALCULATION APPLIES ACROSS EACH LINK, SUMMING UP TO THE TOTAL TRANSMISSION DELAY.

2. ProPAGATION DELAY AND PHYSICAL DISTANCE

PROPAGATION DELAY DEPENDS ON THE PHYSICAL DISTANCE BETWEEN NODES AND THE MEDIUM'S SPEED <SPEED OF LIGHT IN FIBER
OPTICS, FOR EXAMPLE). IT IS GIVEN BY:

\[ T_{rror} = \rrac{\TexT{DisTaNcE}}{\TEXT{PROPAGATION SPEED}} \]
IN OUR NETWORK:

- LONGER DISTANCES OR SLOWER MEDIUMS (E.G., WIRELESS LINKS) INCREASE PROPAGATION DELAY.
- SHORTER DISTANCES AND FASTER MEDIUMS REDUCE DELAY, IMPROVING RESPONSIVENESS.

FOR INSTANCE, A 100 kM FIBER OPTIC LINK WITH A PROPAGATION SPEED OF \(2 \TiMes 10”8 \) METERS/SEC RESULTS IN:
\[ T_{rPropr} = \rrac{100,000}{200,000,0003} = 0.0005 \TexT{ seconns} \]

WHICH IS NEGLIGIBLE COMPARED TO OTHER DELAY COMPONENTS BUT BECOMES SIGNIFICANT OVER LONGER DISTANCES.



3. ProOCESSING DELAYS AT NETWORK DEVICES

EACH ROUTER OR SWITCH ALONG THE PATH PROCESSES INCOMING PACKETS, INSPECTING HEADERS AND DETERMINING FORW ARDING
PATHS. PROCESSING DELAYS DEPEND ON:

- DEVICE HARDWARE CAPABILITIES.
- COMPLEXITY OF ROUTING ALGORITHMS.
- CURRENT LoAD AND CPU UTILIZATION.

EFFICIENT DEVICES WITH HIGH PROCESSING POWER MINIMIZE THESE DELAYS, WHEREAS OVERLOADED DEVICES MAY INTRODUCE
BOTTLENECKS.

4. QUEUING DELAYS AND NETWORK CONGESTION

QUEUING DELAY ARISES WHEN PACKETS WAIT IN BUFFERS DUE TO CONGESTION. FACTORS INFLUENCING QUEUING DELAYS
INCLUDE!:

- TRAFFIC LOAD: HIGH TRAFFIC INCREASES WAITING TIMES.
- BUFFER SIZES: LIMITED BUFFER CAPACITY CAN CAUSE PACKET DROPS OR INCREASED DELAYS.
- TRAFFIC BURSTINESS: SUDDEN SPIKES CAN CAUSE TEMPORARY CONGESTION.

MANAGING QUEUING DELAYS INVOLVES TRAFFIC SHAPING, PRIORITIZATION, AND ENSURING ADEQUATE BANDWIDTH PROVISIONING.

CALCULATING END-TO-END DELAY IN THE SCENARIO

IN' A NETWORK WITH TEN SERVERS, THE TOTAL END-TO-END DELAY (\( T_{enp-To-enD} \)) CAN BE APPROXIMATED BY
SUMMING THE INDIVIDUAL DELAY COMPONENTS ACROSS ALL LINKS AND NODES:

\[
T_{eno-To-eno} = \sum_{1=13"{n} (T_{processinG,1} + T_{Queuing,} + T_{TrAnsMISSION,I} + T_{PROPAGATION,I})

wWHERE \( N \) IS THE NUMBER OF LINKS/NODES IN THE PATH.
ExXAMPLE:
SUPPOSE A DATA PACKET TRAVELS THROUGH 4 LINKS WITH THE FOLLOWING PARAMETERS:

| Link | BANDWIDTH | DiSTANCE | PROCESSING DELAY | QUEUING DELAY |
S et A - |
| 1] 7100 Meps | 10 kM| 1 Ms | VARIABLE |

| 2150 Msps |20 kM| 2 Ms | VARIABLE |

| 31200 Meps | 5 kM| 0.5 Ms | VARIABLE |

| 4] 100 Meps | 15 kM| 1 Ms | VARIABLE |

ASSUMING AVERAGE QUEUING DELAY OF 5 MS ON EACH LINK, AND PACKET SIzE of 1 MB (8 MILLION BITS):
- TRANSMISSION DELAYS:

- Link 1: \( \Frac{8,000,000}{ 100,000,000} = 0.08 \texT{ seconps} \)

- Link 2: \('\Frac{8,000,000}{50,000,000} = 0.16 \TexT{ seconps} \)

- Link 3: \('\FrAac{8,000,000}{200,000,000} = 0.04 \texT{ seconps} \)

- Link 4: \( \rrac{8,000,0003{ 100,000,000} = 0.08 \TexT{ seconps} \)

- PROPAGATION DELAYS:

- Line 1:\(\rrAc{10,0003{2 \TiMes 1078} = 0.00005 \texT{ s} \)



- Link 2: \( \Frrac{20,0003{2 \TiMes 10”8} = 0.0001 \ext{ s} \)
- Link 3: \( \Frac{5,000}{2 \TiMes 10”8} = 0.000025 \TexTt{ s} \)
- Link 4: \( \rrAc{15,0003{2 \TiMes 1078} = 0.000075 \Text{ s} \)

- PROCESSING DELAYS: SUM To 4.5 Ms (4 LINKS X AVERAGE OF 1 MsS)
- QQUEUING DELAYS: 4 LINKS X 5 Ms = 20 Ms

ADDING ALL COMPONENTS:

\[
T {ToTaL}=(0.08 +0.16 + 0.04 + 0.08) \1exT{ sec} + (0.00005 + 0.0001 + 0.000025 + 0.000075)
\TexT{ sec} + 4.5 \TexT{ Ms} + 20 \TexT{ mMs}

\]

\[
T {TotaL} \apProx 0.36 \TexT{ sec} + 0.00025 \TexT{ sec} + 4.5 \1exT{ Ms} + 20 \1exT{ ms}

\]
\[

T _{ToTaL} \apProX 0.36475 \TexT{ Seconps}

\]

THIS EXAMPLE ILLUSTRATES HOW VARIOUS DELAYS ACCUMULATE, CULMINATING IN THE TOTAL END-TO-END DELAY EXPERIENCED
IN THE NET W ORK.

IMPACT oF END-TO-END DELAY ON NETWORK PERFORMANCE

THE SIGNIFICANCE OF END-TO-END DELAY EXTENDS BEYOND MERE NUMBERS; IT DIRECTLY INFLUENCES USER EXPERIENCE AND
APPLICATION PERFORMANCE!:

- ReaL-TiMe CoMMUNICATION: VoICE oVEer IP (VolP) AND VIDEO CONFERENCING DEMAND LOW DELAYS (TYPICALLY UNDER
150 Mms). HIGHER DELAYS CAUSE NOTICEABLE LAG AND COMMUNICATION BREAKDOWNS.

- DATA TRANSFER: LARGE DELAYS SLOW DOWN DATA REPLICATION AND SYNCHRONIZATION ACROSS SERVERS, IMPACTING
EFFICIENCY.

14 3 End To End Delay Consider The Scenario Shown Below
With 10 Different Servers Four Shown Connected

14 3 End To End Delay Consider The Scenario Shown Below With 10 Different Servers Four Shown
Connected
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