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ɄŮɟɑɚɖɣɖ 

ȼ Ŭɡɝɖɛɏɜɖ ɛŮŰŬűɞɟɎ ˊɚɖɟɞűɞɟɑŬɠ, ɛɏůɤ Űɤɜ əɞɘɜɤɜɘəɩɜ - əŬɘ ɧɢɘ ɛɧɜɞ - ŭɘəŰɨɤɜ, 

əŬɗɩɠ əŬɘ ɖ ɢɟɖůɘɛɧŰɖŰŬ Űɖɠ ɔɘŬ Űɞɜ ˊɟɞɞɟɘůɛɧ, ɏɢŮɘ ŭɖɛɘɞɡɟɔɐůŮɘ Űɖɜ ŬɜɎɔəɖ ɔɘŬ 

Űɞɜ ˊɟɞůŭɘɞɟɘůɛɧ Űɞɡ ɢɟɧɜɞɡ Ŭˊɧ Űɖ ŭɖɛɘɞɡɟɔɑŬ Űɖɠ ɛŮ ůəɞˊɧ Űɖɜ ŬˊɧəŰɖůɖ Űɖɠ ˊɘɞ 

ˊɟɧůűŬŰɖɠ. ɆŰɖɜ ́ŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ŮɟŮɡɜɎŰŬɘ ɖ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ 

(Age of Information, ɔɜɤůŰɐ ɤɠ AoI) ůŰɞ ˊɚŬɑůɘɞ Űɤɜ əɞɘɜɤɜɘəɩɜ ŭɘəŰɨɤɜ, ɛɏůɤ 

Űɤɜ ůɢɞɚɑɤɜ ɛɑŬɠ ŭɖɛɞůɑŮɡůɖɠ ůŰɞ Facebook. ȷɜŬˊŰɨůůŮŰŬɘ əŬɘ ɡɚɞˊɞɘŮɑŰŬɘ ɖ ɘŭɏŬ 

Űɖɠ ɢɟɐůɖɠ Űɖɠ əɞɘɜɤɜɘəɐɠ AoI, ɤɠ Űɞ ɢɟɧɜɞ Ŭˊɧ Űɞ ŰŮɚŮɡŰŬɑɞ ůɢɧɚɘɞ, ɔɘŬ Űɖɜ ŮɨɟŮůɖ 

Űɖɠ ŬɝɑŬɠ Űɖɠ ŬɜŬɜɏɤůɖɠ Űɖɠ ůŮɚɑŭŬɠ ɛɘŬɠ ůɡɔəŮəɟɘɛɏɜɖɠ ŭɖɛɞůɑŮɡůɖɠ. ȷűɞɨ 

ɟ́ɞɓɎɚɚŮŰŬɘ ɞ Űɟɧˊɞɠ ɎɜŰɚɖůɖɠ ŰɏŰɞɘɤɜ ˊɚɖɟɞűɞɟɘɩɜ Ŭˊɧ əɞɘɜɤɜɘəɎ ŭɑəŰɡŬ ɛɏůɤ 

Űɤɜ ŭɘŮˊŬűɩɜ ɟ́ɞɔɟŬɛɛŬŰɘůɛɞɨ ŮűŬɟɛɞɔɩɜ (APIs), ɔɑɜŮŰŬɘ ɛŮɚɏŰɖ Űɖɠ əŬŰŬɜɞɛɐɠ 

ˊɞɡ ŰŬɘɟɘɎɕŮɘ ůŰɘɠ ɛɏɔɘůŰŮɠ Űɘɛɏɠ Űɖɠ ɖɚɘəɑŬɠ, ɓɎůŮɘ Űɖɠ ɞˊɞɑŬɠ ŮɘůɎɔŮŰŬɘ ɏɜŬ ɛɞɜŰɏɚɞ 

ˊɞɡ ˊɞůɞŰɘəɞˊɞɘŮɑ Űɖɜ ˊɟɞŬɜŬűŮɟɗŮɑůŬ ŬɝɑŬ. ɄŬɟɞɡůɘɎɕŮŰŬɘ ɖ ˊɞɟŮɑŬ Űɖɠ Űɘɛɐɠ Űɖɠ 

ŬɝɑŬɠ ɛŮ Űɖ ɛŮŰŬɓɞɚɐ ɞɟɘůɛɏɜɤɜ ˊŬɟŬɛɏŰɟɤɜ əŬɘ ŮɝŮŰɎɕŮŰŬɘ ɖ ˊɞůɞŰɘəɐ əŬɘ ˊɞɘɞŰɘəɐ 

ůɡůɢɏŰɘůɖ Űɖɠ ɛŮ Űɖɜ əɞɘɜɤɜɘəɐ AoI. ũɑɜŮŰŬɘ ůɨɔəɟɘůɖ ɛŮŰŬɝɨ Űɤɜ ŬˊɞŰŮɚŮůɛɎŰɤɜ 

Űɞɡ ɛɞɜŰɏɚɞɡ əŬɘ ɛɘŬɠ ˊɟɞůɞɛɞɑɤůɖɠ ˊɎɜɤ ůŰŬ Ŭəɟɘɓɐ ŭŮŭɞɛɏɜŬ, ɖ ɞˊɞɑŬ ŭŮɑɢɜŮɘ 

ɘəŬɜɞˊɞɘɖŰɘəɐ ˊɟɞůɏɔɔɘůɖ Űɖɠ ŬɝɑŬɠ. ɇɏɚɞɠ, ˊɟɞŰŮɑɜŮŰŬɘ ɖ ŮˊɏəŰŬůɖ Űɖɠ ɛŮɚɏŰɖɠ ɔɘŬ 

Űɖɜ ŮɨɟŮůɖ ɓɏɚŰɘůŰɖɠ ůɡɢɜɧŰɖŰŬɠ ˊɟɧůɓŬůɖɠ Űɤɜ ɢɟɖůŰɩɜ ůŰŬ əɞɘɜɤɜɘəɎ ŭɑəŰɡŬ ɛŮ 

ůəɞˊɧ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ Űɖɠ ůɡɛűɧɟɖůɖɠ ůŰɞ ŭɑəŰɡɞ, ˊɞɡ Ŭɜ ŮˊɘŰŮɡɢɗŮɑ, ɗŬ ɞŭɖɔɐůŮɘ 

ůŮ ɛŮɑɤůɖ Űɖɠ ɖɚɘəɑŬɠ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ. 

 

ȿɏɝŮɘɠ ï əɚŮɘŭɘɎ: ɖɚɘəɑŬ Űɖɠ ɚ́ɖɟɞűɞɟɑŬɠ, əɞɘɜɤɜɘəɎ ŭɑəŰɡŬ, ŬɝɑŬ ŬɜŬɜɏɤůɖɠ, 

Facebook, əŬŰŬɜɞɛɐ ŭŮŭɞɛɏɜɤɜ 

  



 

2 
 

Abstract 

The increased transfer of information, through social - and not only - networks, as 

well as its usefulness for the destination, has created the need to determine the time 

since its creation in order to obtain the most recent. The current diplomatic work 

explores the age of information (Age of Information, known as AoI) in the context of 

social networks, through the comments of a Facebook post. The idea of using social 

AoI, as the time since the last comment, is developed and implemented in order to 

find the value of refresh of the page of a particular post. Once the way to derive such 

information from social networks through application programming interfaces (APIs) 

is viewed, the distribution fitted by peak age values is being studied, on the basis of 

which a model is introduced to quantify the above value. The evolution of the value 

price with the change of certain parameters is presented and its quantitative and 

qualitative correlation with social AoI is examined. A comparison is made between 

the results of the model and a simulation on the exact data showing a satisfactory 

approximation of value. Finally, it is proposed to extend the study to find an optimal 

frequency of user access to social networks so as to address network congestion, 

which, if achieved, would lead to a reduction in the age of information. 

 

Keywords: age of information, social networks, value of refresh, Facebook, data 

distribution 
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ȺɡɢŬɟɘůŰɑŮɠ 

ɀŮ Űɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ŮɟɔŬůɑŬ ɞɚɞəɚɖɟɩɜɞɜŰŬɘ ɞɘ ůˊɞɡŭɏɠ ɛɞɡ ůŰɖɜ Ɇɢɞɚɐ 

ȼɚŮəŰɟɞɚɧɔɤɜ ɀɖɢŬɜɘəɩɜ & ɀɖɢŬɜɘəɩɜ ɈˊɞɚɞɔɘůŰɩɜ Űɞɡ Ⱥɗɜɘəɞɨ ɀŮŰůɧɓɘɞɡ 

ɄɞɚɡŰŮɢɜŮɑɞɡ. 

ȷɟɢɘəɎ, ɗŬ ɐɗŮɚŬ ɜŬ ŮɡɢŬɟɘůŰɐůɤ Űɞɜ ȾŬɗɖɔɖŰɐ ə. ɆɡɛŮɩɜ ɄŬˊŬɓŬůɘɚŮɑɞɡ, ɔɘŬ Űɖɜ 

ŮɛˊɘůŰɞůɨɜɖ ˊɞɡ ɛɞɡ ɏŭŮɘɝŮ ɛŮ Űɖɜ ŬɜɎɗŮůɖ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ əŬɘ Űɖɜ 

ɎɟɘůŰɖ ůɡɜŮɟɔŬůɑŬ əŬŰɎ Űɖ ŭɘɎɟəŮɘŬ Ůəˊɧɜɖůɖɠ Űɖɠ. Ⱥɜ ůɡɜŮɢŮɑŬ, ɗŬ ɐɗŮɚŬ ɜŬ 

ŮəűɟɎůɤ Űɖɜ ɘŭɘŬɑŰŮɟɖ Ůɡɔɜɤɛɞůɨɜɖ Õɞɡ ůŰɞɜ ȷɜŬˊɚɖɟɤŰɐ ȾŬɗɖɔɖŰɐ Űɞɡ 

ɇɛɐɛŬŰɞɠ Ʉɚɖɟɞűɞɟɘəɐɠ Űɞɡ Ƚɧɜɘɞɡ ɄŬɜ/ɛɑɞɡ ə. ȸŬůɑɚŮɘɞ ȾŬɟɡɩŰɖ ɔɘŬ Űɖ ůɡɜŮɢɐ 

əŬɗɞŭɐɔɖůɖ əŬɘ ɓɞɐɗŮɘŬ ˊɞɡ ɛɞɡ ˊŬɟŮɑɢŮ ɩůŰŮ ɜŬ ɡɚɞˊɞɘɖɗŮɑ ɖ ˊŬɟɞɨůŬ ŮɟɔŬůɑŬ. 

ɇɏɚɞɠ, ŮɡɢŬɟɘůŰɩ ɗŮɟɛɎ Űɖɜ ɞɘəɞɔɏɜŮɘŬ ɛɞɡ ɔɘŬ ŰŬ ŮűɧŭɘŬ ˊɞɡ ɛɞɡ ŮɝŬůűɎɚɘůŮ əŬɘ 

Űɖ ůŰɐɟɘɝɖ ˊɞɡ ɛɞɡ ˊɟɞůɏűŮɟŮ əŬɗ' ɧɚɖ Űɖ ŭɘɎɟəŮɘŬ Űɤɜ ůˊɞɡŭɩɜ ɛɞɡ, ŬɚɚɎ əŬɘ 

Űɞɡɠ űɑɚɞɡɠ ɛɞɡ ɞɘ ɞˊɞɑɞɘ ůŰɎɗɖəŬɜ ŭɑˊɚŬ ɛɞɡ əŬɘ ɏəŬɜŬɜ Űɖ űɞɘŰɖŰɘəɐ ɛɞɡ ˊɞɟŮɑŬ 

ɞɛɞɟűɧŰŮɟɖ. 

 

 

               ɀˊŬůɘɜɎɠ ȹɖɛɐŰɟɘɞɠ 

              ȷɗɐɜŬ, ɀɎɟŰɘɞɠ 2022  
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ɓɎůɖ Űɞ RSS əŬɘ (ɓ) ũɟŬűɘəɧ fit Űɖɠ ŮəɗŮŰɘəɐɠ əŬŰŬɜɞɛɐɠ ůŰŬ ŭŮŭɞɛɏɜŬééé... 64 

ɆɢɐɛŬ 8.1 ï ȼ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ Űɞɡ VoR (ὠ) ɤɠ ˊɟɞɠ Űɞ ɛɏůɞ ɟɡɗɛɧ ɛ Űɤɜ 

refreshes ɔɘŬ ɀ = 1, 5, 10, 25, 50ééééééééééééééééééé.. 70 
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ɆɢɐɛŬ 8.2 ï (Ŭ) ȼ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ Űɞɡ VoR (ὠ) ɤɠ ˊɟɞɠ Űɞ ɛɏůɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ 
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VoR (ὠ) ɤɠ ˊɟɞɠ Űɖ ɛɏůɖ ˊɞůɧŰɖŰŬ ɟ ɜɏɤɜ comments ŬɜɎ refresh ɔɘŬ ɀ = 1, 5, 10, 

25, 50éééééééééééééééééééééééééééééé. 71 

ɆɢɐɛŬ 8.3 ï (Ŭ) ȼ ɢɟɖůɘɛɧŰɖŰŬ ŬɜɎ ŭŮɡŰŮɟɧɚŮˊŰɞ Ůɜɧɠ ɢɟɐůŰɖ ɤɠ ˊɟɞɠ Űɞ ɛɏůɞ 

ɟɡɗɛɧ ɛ Űɤɜ refreshes ɔɘŬ ɀ = 1, 5, 10, 25, 50 əŬɘ (ɓ) ȼ ɢɟɖůɘɛɧŰɖŰŬ ŬɜɎ ɩɟŬ Ůɜɧɠ 

ɢɟɐůŰɖ ɤɠ ˊɟɞɠ Űɞ ɛɏůɞ ɟɡɗɛɧ ɛ Űɤɜ refreshes ɔɘŬ ɀ = 1, 5, 10, 25, 50éééé. 72 

ɆɢɐɛŬ 8.4 ï Ƀ ɓɏɚŰɘůŰɞɠ ɛɏůɞɠ ɟɡɗɛɧɠ Űɤɜ refreshes ɛ* ɔɘŬ Űɘɠ ŭɘɎűɞɟŮɠ Űɘɛɏɠ Űɞɡ 

ɛɏɔɘůŰɞɡ Ŭɟɘɗɛɞɨ ˊɟɞɓɞɚɐɠ comments ŬɜɎ refresh ( 1 Ò ɀ Ò 50) éééééé.. 74 

ɆɢɐɛŬ 8.5 ï ȼ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ Űɞɡ VoR (ὠ) ɤɠ ˊɟɞɠ Űɞ ɛɏůɞ ɟɡɗɛɧ ɚ ŭɖɛɞůɑŮɡůɖɠ 

comments ɔɘŬ ɛ=0.0001 əŬɘ ɀ = 1, 5, 10, 25, 50ééééééééééééé.. 75 

ɆɢɐɛŬ 8.6 ï ȼ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ Űɞɡ VoR (ὠ) ɤɠ ˊɟɞɠ Űɖ ɛɏůɖ peak Social Age of 

Information ɔɘŬ ɛ=0.0001 əŬɘ ɀ = 1, 5, 10, 25, 50éééééééééééé... 76 

ɆɢɐɛŬ 8.7 ï (Ŭ) ȼ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ Űɞɡ VoR ɤɠ ˊɟɞɠ Űɞ ɛɏůɞ ɟɡɗɛɧ ɛ Űɤɜ 

refreshes ɔɘŬ 0.0001 Ò ɛ Ò 0.001 əŬɘ ɀ = 25, (ɓ) ɇɞ ůűɎɚɛŬ Űɖɠ ŬɜŬɛŮɜɧɛŮɜɖɠ Űɘɛɐɠ 
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(ɔ) ȼ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ Űɞɡ VoR ɤɠ ˊɟɞɠ Űɞ ɛɏůɞ ɟɡɗɛɧ ɛ Űɤɜ refreshes ɔɘŬ 0.0001 

Ò ɛ Ò 0.001 əŬɘ ɀ = 50, (ŭ) ɇɞ ůűɎɚɛŬ Űɖɠ ŬɜŬɛŮɜɧɛŮɜɖɠ Űɘɛɐɠ Űɞɡ VoR ɤɠ ˊɟɞɠ Űɞ 

ɛɏůɞ ɟɡɗɛɧ ɛ Űɤɜ refreshes ɔɘŬ 0.0001 Ò ɛ Ò 0.001 əŬɘ ɀ = 50ééééééé.. 79 
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ȾŮűɎɚŬɘɞ 1: ȺɘůŬɔɤɔɐ 

 

1.1 Ʉɟɧɚɞɔɞɠ 

ɀŮ Űɖɜ ŬɜɎˊŰɡɝɖ Űɖɠ ŰŮɢɜɞɚɞɔɑŬɠ əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ɡˊɞɚɞɔɘůŰɘəɩɜ ůɡůŰɖɛɎŰɤɜ ˊɞɡ 

ŮˊɘŰɡɔɢɎɜɞɡɜ ɡɣɖɚɏɠ ŬˊɞŭɧůŮɘɠ, ɞɘ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ɛŮŰŬűɏɟɞɜŰŬɘ ɛŮŰŬɝɨ 

ůɡůəŮɡɩɜ ɛɏůɤ Űɤɜ ŮűŬɟɛɞɔɩɜ ŮɑɜŬɘ ůɡɜŮɢŮɑɠ. ȺɘŭɘəɧŰŮɟŬ, ŮɑŰŮ ɖ ˊɚɖɟɞűɞɟɑŬ 

ŬɚɚɎɕŮɘ ɔɟɐɔɞɟŬ (ˊ.ɢ. ɖ ŰɞˊɞɗŮůɑŬ Ůɜɧɠ ŬɡŰɞəɘɜɐŰɞɡ) ŮɑŰŮ ŬɚɚɎɕŮɘ ŬɟɔɎ (ˊ.ɢ. ɖ 

ɗŮɟɛɞəɟŬůɑŬ), ɖ ŬɜɎɔəɖ ɜŬ ŮɑɜŬɘ ɏɔəɡɟɖ ˊŬɟŬɛɏɜŮɘ ŬɛŮŰɎɓɚɖŰɖ. ȹɖɚŬŭɐ, ɖ 

ˊɚɖɟɞűɞɟɑŬ ɏɢŮɘ ɛŮɔŬɚɨŰŮɟɖ ŬɝɑŬ ɧůɞ ˊɘɞ ñűɟɏůəɘŬò ŮɑɜŬɘ. ȺˊŮɘŭɐ ɞɘ ˊŬɟŬŭɞůɘŬəɞɑ 

Űɟɧˊɞɘ  ɛɏŰɟɖůɖɠ Űɖɠ Ŭˊɧŭɞůɖɠ, ɧˊɤɠ ɖ əŬɗɡůŰɏɟɖůɖ, ŭŮɜ ɛˊɞɟɞɨɜ ɜŬ 

ɢŬɟŬəŰɖɟɑůɞɡɜ ˊɚɐɟɤɠ Űɞ ˊɧůɞ ˊɟɧůűŬŰɖ ŮɑɜŬɘ ɛɘŬ ˊɚɖɟɞűɞɟɑŬ, ˊŬɟɞɡůɘɎůŰɖəŮ ɖ 

ŬɜɎɔəɖ ɔɘŬ Űɖ ŭɖɛɘɞɡɟɔɑŬ Ůɜɧɠ metric ˊɞɡ ɗŬ ɛŬɠ Űɞ ŭŮɑɢɜŮɘ ɛŮ ŬəɟɑɓŮɘŬ əŬɘ 

ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬ. ȰŰůɘ, Űɞ 2011 ˊɟɞŰɎɗɖəŮ ɖ ɏɜɜɞɘŬ Űɖɠ ɖɚɘəɑŬɠ Űɖɠ 

ˊɚɖɟɞűɞɟɑŬɠ, Age of Information (AoI), Ŭˊɧ Űɞɡɠ Sanjit Kaul, Roy Yates əŬɘ Marco 

Gruteser [1] ɔɘŬ ɜŬ ˊɞůɞŰɘəɞˊɞɘɖɗŮɑ ɖ ñűɟŮůəɎŭŬò Űɤɜ ɔɜɩůŮɤɜ ˊɞɡ ɏɢɞɡɛŮ ɔɘŬ Űɖɜ 

əŬŰɎůŰŬůɖ Ůɜɧɠ ůɡůŰɐɛŬŰɞɠ. ɀŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ, ˊŬɟɞɡůɘɎůŰɖəŮ əŬɘ ɖ ŮɡəŬɘɟɑŬ 

ɓŮɚŰɑɤůɖɠ Űɖɠ Ŭˊɧŭɞůɖɠ ůŮ ɏɜŬ -ˊɟŬɔɛŬŰɘəɞɨ ɢɟɧɜɞɡ- ůɨůŰɖɛŬ. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ɖ 

ɔɜɩůɖ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ ŰɞˊɞɗŮůɑŬɠ əŬɘ ŰŬɢɨŰɖŰŬɠ Ůɜɧɠ ɞɢɐɛŬŰɞɠ ůŰɖɜ ŬɡŰɧɜɞɛɖ 

ɞŭɐɔɖůɖ ɐ Űɖɠ ˊɟŬɔɛŬŰɘəɐɠ əŬŰɎůŰŬůɖɠ Ůɜɧɠ əŬɜŬɚɘɞɨ ůŮ ɏɜŬ ůɨůŰɖɛŬ ŬůɨɟɛŬŰɖɠ 

ŮˊɘəɞɘɜɤɜɑŬɠ, ŮɑɜŬɘ əŬɑɟɘŬɠ ůɖɛŬůɑŬɠ əŬɘ ůəɞˊɧɠ ŮɑɜŬɘ ɖ ɓŮɚŰɘůŰɞˊɞɑɖůɖ Űɖɠ. 

ɆɡɔəŮəɟɘɛɏɜŬ, ɖ AoI ɛŮŰɟɎŮɘ Űɞ ɢɟɧɜɞ ˊɞɡ ɏɢŮɘ ˊŮɟɎůŮɘ Ŭˊɧ Űɖɜ ˊŬɟŬɔɤɔɐ Űɞɡ 

ŰŮɚŮɡŰŬɑɞɡ ˊŬəɏŰɞɡ Űɞ ɞˊɞɑɞ ɏɢŮɘ ˊŬɟŬŭɞɗŮɑ ɛŮ ŮˊɘŰɡɢɑŬ ůŰɞɜ ˊɟɞɞɟɘůɛɧ. ũɑɜŮŰŬɘ, 

ɚɞɘˊɧɜ, ŬɜŰɘɚɖˊŰɧ ˊɤɠ ɛŮɚŮŰɎŰŬɘ ɖ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ Ŭˊɧ Űɖɜ ˊɚŮɡɟɎ Űɞɡ 

ˊɟɞɞɟɘůɛɞɨ (destination-centric), ɞ ɞˊɞɑɞɠ ŮˊɘɕɖŰɎ ɜŬ ŮɑɜŬɘ ɧůɞ ˊɘɞ ŮˊɑəŬɘɟɖ ɔɑɜŮŰŬɘ 

Ŭűɞɨ ɏɜŬ ɝŮˊŮɟŬůɛɏɜɞ ɛɐɜɡɛŬ ɛˊɞɟŮɑ ɜŬ ɢɎůŮɘ ɖ ŬɝɑŬ Űɞɡ. 

 

 

1.2 ȷɜŰɘəŮɑɛŮɜɞ Űɖɠ ȹɘˊɚɤɛŬŰɘəɐɠ ȺɟɔŬůɑŬɠ 

ɇɞ ɔŮɔɞɜɧɠ ɧŰɘ ɛɘŬ ˊɚɖɟɞűɞɟɑŬ ŮɑɜŬɘ ɓŬůɘəɧ ɜŬ űŰɎɜŮɘ ůŰɞɜ ˊɟɞɞɟɘůɛɧ ɏɔəŬɘɟŬ, 

ɘůɢɨŮɘ ůŮ əɎɗŮ ůɨůŰɖɛŬ. ɆŰɖɜ ˊŬɟɞɨůŬ ŭɘˊɚɤɛŬŰɘəɐ ɗŬ ŮɝŮŰɎůɞɡɛŮ Űɖɜ ɖɚɘəɑŬ Űɖɠ 

ˊɚɖɟɞűɞɟɑŬɠ ˊɞɡ ɛŮŰŬűɏɟŮŰŬɘ ɛɏůɤ Űɤɜ əɞɘɜɤɜɘəɩɜ ŭɘəŰɨɤɜ Ŭˊɧ Űɞɡɠ ɢɟɐůŰŮɠ. 
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ɄɟɞůŬɟɛɧɕɞɜŰŬɠ Űɖɜ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ - ɧˊɤɠ ˊŬɟɞɡůɘɎɕŮŰŬɘ ůŰɞ ɗŮɤɟɖŰɘəɧ 

ɡˊɧɓŬɗɟɞ ˊŬɟŬəɎŰɤ - ůŰɞ ˊɚŬɑůɘɞ Űɤɜ əɞɘɜɤɜɘəɩɜ ŭɘəŰɨɤɜ, ɛŮɚŮŰɎŰŬɘ Űɞ ˊɧůɞ 

ˊɟɧůűŬŰɖ ŮɑɜŬɘ ɖ ˊɚɖɟɞűɞɟɑŬ ůŮ ɛɑŬ ŭɖɛɞůɑŮɡůɖ ůŰɞ Facebook ɛŮ ɓɎůɖ ŰŬ ůɢɧɚɘŬ 

ˊɞɡ ɔɑɜɞɜŰŬɘ Ŭˊɧ ŭɘɎűɞɟɞɡɠ ɢɟɐůŰŮɠ. ȸŬůɘɕɧɛŮɜɞɘ ůŰɞ ˊɩɠ əŬŰŬɜɏɛŮŰŬɘ ɖ əɞɘɜɤɜɘəɐ 

AoI ůŰɖ ŭɖɛɞůɑŮɡůɖ ŬɡŰɐ, ŮɘůɎɔŮŰŬɘ ɏɜŬ ɛɞɜŰɏɚɞ ˊɞɡ ˊɞůɞŰɘəɞˊɞɘŮɑ Űɖɜ ŬɝɑŬ Űɖɠ 

ŬɜŬɜɏɤůɖɠ Űɞɡ post Ŭˊɧ Űɞ ɢɟɐůŰɖ, ɔɘŬ ŬˊɧəŰɖůɖ ɜɏɤɜ ˊɚɖɟɞűɞɟɘɩɜ. ȹŮŭɞɛɏɜɞɡ 

Űɞɡ ɧŰɘ ɡˊɎɟɢɞɡɜ ˊɞɚɚɞɑ ˊŬɟɎɔɞɜŰŮɠ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ Űɘɛɐ Űɖɠ ŬɝɑŬɠ ŬɡŰɐɠ 

ŮɟŮɡɜɎŰŬɘ ɖ ŮˊɑŭɟŬůɖ Űɞɡ əŬɗŮɜɧɠ ŭɑɜɞɜŰŬɠ ɏɛűŬůɖ ůŰɖ ůɡůɢɏŰɘůɖ ɛŮ Űɖɜ ɛɏɔɘůŰɖ 

əɞɘɜɤɜɘəɐ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ. ɄŬɟɎɚɚɖɚŬ, ŮɚɏɔɢŮŰŬɘ ɖ ŬɜŰɘůŰɞɑɢɘůɖ Űɤɜ 

ŬˊɞŰŮɚŮůɛɎŰɤɜ Űɞɡ ɛɞɜŰɏɚɞɡ ɛŮ Űɘɠ ŬəɟɘɓŮɑɠ ɛŮŰɟɐůŮɘɠ ɩůŰŮ ɜŬ əɟɘɗŮɑ ɖ ŮűŬɟɛɞɔɐ 

Űɞɡ ůŰŬ ŭŮŭɞɛɏɜŬ. 

 

 

1.3 ȹɘɎɟɗɟɤůɖ Űɖɠ ȹɘˊɚɤɛŬŰɘəɐɠ ȺɟɔŬůɑŬɠ 

ɆŰɞ ˊɚŬɑůɘɞ Űɖɠ ŭɘˊɚɤɛŬŰɘəɐɠ ŮɟɔŬůɑŬɠ, ŬɟɢɘəɎ, ŬɜŬˊŰɨůůŮŰŬɘ Űɞ ɗŮɤɟɖŰɘəɧ 

ɡˊɧɓŬɗɟɞ (ȾŮűɎɚŬɘŬ 2-5). ɆŰɞ ȾŮűɎɚŬɘɞ 2 ˊŬɟɞɡůɘɎɕɞɜŰŬɘ əɎˊɞɘŬ ŭɞɛɘəɎ ůŰɞɘɢŮɑŬ 

Űɖɠ Age of Information ɛŮ ɏɛűŬůɖ ůŮ ɞɟɘůɛɏɜŮɠ ɛŮŰɟɘəɏɠ Űɖɠ. ɆŰɞ ȾŮűɎɚŬɘɞ 3 

ŮɝŮŰɎɕɞɜŰŬɘ ɓŬůɘəɎ ůɡɜŮɢɐ ɛɞɜŰɏɚŬ ŰŬ ɞˊɞɑŬ əŬɘ ůɡɔəɟɑɜɞɜŰŬɘ ɛŮŰŬɝɨ Űɞɡɠ ɤɠ ˊɟɞɠ 

Űɘɠ ˊɟɞŬɜŬűŮɟɗŮɑůŮɠ ɛŮɟɘəɏɠ. ɆŰɞ ȾŮűɎɚŬɘɞ 4 ˊŮɟɘɔɟɎűɞɜŰŬɘ ŭɘɎűɞɟɞɘ Űɟɧˊɞɘ əŬɘ 

ŰŮɢɜɘəɏɠ ɛŮɑɤůɖɠ Űɖɠ AoI ɛŮ ˊŬɟɎɚɚɖɚɖ ŬˊɞŰɑɛɖůɖ Űɖɠ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰɖŰŬɠ Űɞɡɠ. 

ɆŰɞ ȾŮűɎɚŬɘɞ 5 ˊŬɟŬŰɑɗŮɜŰŬɘ ɓŬůɘəɎ ɛɞɜŰɏɚŬ ŭɘŬəɟɘŰɞɨ ɢɟɧɜɞɡ əŬɘ ɞɘ ï ɤɠ ˊɟɞɠ Űɖɜ 

AoI - ɛŮŰɟɘəɏɠ Űɞɡɠ ůɡůɢŮŰɑɕɞɜŰŬɘ ɛŮ ŮəŮɑɜŮɠ Űɤɜ ɛɞɜŰɏɚɤɜ ůɡɜŮɢɞɨɠ ɢɟɧɜɞɡ. ɆŰɞ 

ȾŮűɎɚŬɘɞ 6 ŮɘůɎɔŮŰŬɘ ɖ ɏɜɜɞɘŬ Űɖɠ əɞɘɜɤɜɘəɐɠ ɖɚɘəɑŬɠ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ əŬɘ 

ŮˊŮɝɖɔɞɨɜŰŬɘ ŰŬ APIôs ˊɟɞɓɎɚɚɞɜŰŬɠ ɏɜŬɜ Űɟɧˊɞ ŮɝŬɔɤɔɐɠ ŭŮŭɞɛɏɜɤɜ Ŭˊɧ Űɞ 

Facebook. ɆŰɞ ȾŮűɎɚŬɘɞ 7 ˊɟɞɓɎɚɚŮŰŬɘ Űɞ dataset ˊɞɡ ɛŮɚŮŰɐɗɖəŮ əŬɘ ɔɑɜŮŰŬɘ ɖ 

ŮˊŮɝŮɟɔŬůɑŬ əŬɘ ɖ ŬɜɎɚɡůɖ Űɞɡ. ɆŰɞ ȾŮűɎɚŬɘɞ 8 ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɛɞɜŰɏɚɞ ˊɞɡ 

ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ əŬɘ ŭɑɜɞɜŰŬɘ ŰŬ ŬˊɞŰŮɚɏůɛŬŰŬ Űɖɠ ˊɟɞůɞɛɞɑɤůɖɠ ůŰɞ dataset ůŮ 

ůɢɏůɖ ɛŮ Űɖɜ əɞɘɜɤɜɘəɐ Age of Information. ɆŰɞ ȾŮűɎɚŬɘɞ 9 ůɡɜɞɣɑɕɞɜŰŬɘ ŰŬ ŰŮɚɘəɎ 

ůɡɛˊŮɟɎůɛŬŰŬ. 
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ȾŮűɎɚŬɘɞ 2: ȸŬůɘəɎ ɆŰɞɘɢŮɑŬ AoI 

 

ɆŰɞ ȾŮűɎɚŬɘɞ ŬɡŰɧ ɞɟɑɕŮŰŬɘ ˊɚɐɟɤɠ ɖ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ Ůɜɩ ˊŬɟŬŰɑɗŮɜŰŬɘ 

ůɖɛŬɜŰɘəɏɠ ɛŮŰɟɘəɏɠ Űɖɠ, ɧˊɤɠ ɖ ɛɏůɖ əŬɘ ɖ ɛɏɔɘůŰɖ AoI. ɄŬɟɎɚɚɖɚŬ, ŮɝŮŰɎɕŮŰŬɘ ɖ 

ůɢɏůɖ Űɖɠ ɛŮ Űɖɜ əŬɗɡůŰɏɟɖůɖ əŬɘ Űɞ ɢɟɧɜɞ ɛŮŰŬɝɨ ŭɘŬŭɞɢɘəɩɜ ˊŬɟŬɚŬɓɩɜ Űɤɜ 

ˊŬəɏŰɤɜ. 

 

 

2.1 Ƀɟɘůɛɧɠ AoI 

ŪŮɤɟɞɨɛŮ ɏɜŬ ůɨůŰɖɛŬ ɛŮ 2 əɧɛɓɞɡɠ ˊɞɡ ŮɑɜŬɘ ɖ ˊɖɔɐ əŬɘ ɞ ˊɟɞɞɟɘůɛɧɠ. ɀɏůɤ ɛɘŬɠ 

ŰɡɢŬɑŬɠ ŭɘŬŭɘəŬůɑŬɠ X(t) ˊŬɟɎɔɞɜŰŬɘ ŭŮɑɔɛŬŰŬ, ŰŬ ɞˊɞɑŬ ˊŬɟŬŰɖɟɞɨɜŰŬɘ Ŭˊɧ Űɖɜ 

ˊɖɔɐ ůŮ ŰɡɢŬɑŮɠ ůŰɘɔɛɏɠ əŬɘ ɛŮŰŬűɏɟɞɜŰŬɘ ɤɠ ˊŬəɏŰŬ ůŰɞɜ ˊɟɞɞɟɘůɛɧ. ȼ ɛŮŰŬűɞɟɎ 

ŬɡŰɐ ɔɑɜŮŰŬɘ ɔɘŬ ɜŬ ŬɜŬɜŮɤɗŮɑ ɖ Űɘɛɐ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ ůŰɞ əɧɛɓɞ Űɞɡ ˊɟɞɞɟɘůɛɞɨ, ɔɘô 

ŬɡŰɧ əŬɘ ŰŬ ɛɖɜɨɛŬŰŬ ŬɡŰɎ ɚɏɔɞɜŰŬɘ əŬɘ ŮɜɖɛŮɟɩůŮɘɠ əŬŰɎůŰŬůɖɠ (status updates). 

ȾɎɗŮ status update i ˊŮɟɘɏɢŮɘ ˊɚɖɟɞűɞɟɑŮɠ ůɢŮŰɘəɎ ɛŮ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ ɛŬɠ 

ŮɜŭɘŬűɏɟɞɡɜ X[ti] əŬɗɩɠ əŬɘ ɛɘŬ ɢɟɞɜɞůűɟŬɔɑŭŬ ti ɩůŰŮ ɜŬ ŬɜŬɔɜɤɟɑɕŮŰŬɘ ɖ ůŰɘɔɛɐ 

ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŮ. ȼ Ůɜɖɛɏɟɤůɖ Űɞɡ ˊɟɞɞɟɘůɛɞɨ ɔɑɜŮŰŬɘ Ŭəɟɘɓɩɠ ɛŮ Űɖɜ Ɏűɘɝɖ Űɞɡ 

ˊŬəɏŰɞɡ. 

 

ʅ˔ʺ˃ʰ 2.1 ς ɰʰˋʽˁˈ ˃ ˇ˄ˍʷ˂ˇ ̀ ˎˋˍʺ˃ʰˍˇˌ [9] 

 

ŪŮɤɟɩɜŰŬɠ ti, t'i Űɘɠ ůŰɘɔɛɏɠ ˊɞɡ ŰŬ status updates ˊŬəɏŰŬ i ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ůŰɖɜ 

ˊɖɔɐ əŬɘ ɚŬɛɓɎɜɞɜŰŬɘ Ŭˊɧ Űɞɜ ˊɟɞɞɟɘůɛɧ ŬɜŰɑůŰɞɘɢŬ, ɛɘŬ ŰɡɢŬɑŬ ůŰɘɔɛɐ t, ɞ ŭŮɑəŰɖɠ 

Űɞɡ ˊɘɞ ˊɟɧůűŬŰɞɡ status update ɗŬ ŮɑɜŬɘ: 

ὔὸ  ÍÁØ Ὥȿ ὸ˃Ὥ  ὸ              ςȢρ 

Ůɜɩ ɖ ɢɟɞɜɞůűɟŬɔɑŭŬ Űɞɡ: 

          όὸ  ὸὔ ὸ                                                          ςȢς 

ȰŰůɘ, ɖ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ (Age of Information) ɐ status update age ɐ Ŭɚɚɘɩɠ 
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ŬˊɚɎ age         ɞɟɑɕŮŰŬɘ ɤɠ ɖ ŰɡɢŬɑŬ ŭɘŬŭɘəŬůɑŬ:  

 

           Ўὸ  ὸ  όὸ                                                           (2.3)  

 

ɆŰɞ ˊŬɟŬəɎŰɤ ŭɘɎɔɟŬɛɛŬ ɛˊɞɟɞɨɛŮ ɜŬ ŭɞɨɛŮ ɏɜŬ ŰɡɢŬɑɞ ˊŬɟɎŭŮɘɔɛŬ ɔɘŬ Űɞ ˊɤɠ 

ŮɝŮɚɑůůŮŰŬɘ         ɖ AoI ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞ ɢɟɧɜɞ. 

 

 

ʅ˔ʺ˃ʰ 2.2 ς ʃʰˊʱʵʶʽʴ˃ʰ ʁ ˄ˈˌ ǎŀƳǇƭŜ path ɹ ʽʰ ́ ˂ʽˁʾʰ ɲόǘύ [9] 

 

ɈˊɞɗɏŰɞɡɛŮ ˊɤɠ Űɖ ůŰɘɔɛɐ t=0, ɝŮəɘɜɩɜŰŬɠ Űɖɜ ˊŬɟŬŰɐɟɖůɖ Űɞɡ ůɡůŰɐɛŬŰɞɠ, ɖ ɞɡɟɎ 

ŮɑɜŬɘ ɎŭŮɘŬ Ůɜɩ ɖ AoI ůŰɞɜ ˊɟɞɞɟɘůɛɧ ŮɑɜŬɘ ȹ(0) = ȹ0. 

 

ȼ ŰɡɢŬɑŬ ɛŮŰŬɓɚɖŰɐ Yi ˊŮɟɘɔɟɎűŮɘ Űɞ ɢɟɧɜɞ ˊɞɡ ɛŮůɞɚŬɓŮɑ ɛŮŰŬɝɨ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ 

ŬűɑɝŮɤɜ ˊŬəɏŰɤɜ (interarrival time) , ŭɖɚŬŭɐ Űɤɜ ˊŬəɏŰɤɜ i-1,i əŬɘ ɞɟɑɕŮŰŬɘ ɤɠ: 

 

    ὣ ὸ  ɀ ὸ                                                       (2.4)  

Ůɜɩ ɖ ɛŮŰŬɓɚɖŰɐ Ti  ˊŮɟɘɔɟɎűŮɘ Űɞ ɢɟɧɜɞ ůŰɞ ůɨůŰɖɛŬ ɔɘŬ Űɞ ˊŬəɏŰɞ i (system time) 

əŬɘ ŮɑɜŬɘ: 

  Ὕ  ὸᴂ ɀ ὸ                                                               (2.5)  

  

ȸɚɏˊɞɡɛŮ ˊɤɠ ɖ AoI ůŰɞɜ ˊɟɞɞɟɘůɛɧ, ůŰŬ ŭɘŬůŰɐɛŬŰŬ ɛŮŰŬɝɨ tȭi-1 əŬɘ tȭi, ŬɡɝɎɜŮŰŬɘ 

ɔɟŬɛɛɘəɎ ɛŮ Űɞ ɢɟɧɜɞ, Ŭűɞɨ ŭŮɜ ɡˊɎɟɢɞɡɜ ŮɜɖɛŮɟɩůŮɘɠ (updates) ůŰɞɜ ˊɟɞɞɟɘůɛɧ, 
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ɚɧɔɤ ŬˊɞɡůɑŬɠ ŬűɑɝŮɤɜ ˊŬəɏŰɤɜ ůŮ ŬɡŰɧɜ. ȾŬŰɎ Űɖ ɚɐɣɖ Ůɜɧɠ status update, 

ɓɚɏˊɞɡɛŮ ɎɛŮůɖ ɛŮɑɤůɖ Űɖɠ AoI ˊɞɡ ůŰɖ ůɡɜɏɢŮɘŬ ɗŬ ŬɡɝɖɗŮɑ Ůə ɜɏɞɡ ɔɟŬɛɛɘəɎ ɏɤɠ 

Űɖɜ Ɏűɘɝɖ Űɞɡ ŮˊɧɛŮɜɞɡ         ́ ŬəɏŰɞɡ ůŰɞɜ ˊɟɞɞɟɘůɛɧ. 

 

 

2.2 ɀŮŰɟɘəɏɠ Űɖɠ AoI 

ȼ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ɛˊɞɟŮɑ ɜŬ ɢŬɟŬəŰɖɟɘůŰŮɑ Ŭˊɧ ŭɨɞ ɛŮŰɟɘəɏɠ. ȷɡŰɏɠ ŮɑɜŬɘ ɖ 

ɛɏůɖ ɖɚɘəɑŬ (average age) əŬɘ ɖ ɛɏɔɘůŰɖ ɖɚɘəɑŬ (peak age) [2], [3]. Ƀɘ ɛŮŰɟɘəɏɠ ŬɡŰɏɠ, 

ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ŬɜŰɑ ɔɘŬ Űɖɜ AoI, ɏɢɞɜŰŬɠ ɖ əɎɗŮ ɛɘŬ ɝŮɢɤɟɘůŰɎ 

ŭɘŬűɞɟŮŰɘəɏɠ  ɢɟɐůŮɘɠ əŬɘ ˊɚŮɞɜŮəŰɐɛŬŰŬ.  

 

2.2.1 Average Age 

ɈˊɞɗɏŰɞɡɛŮ Ůɟɔɞŭɘəɐ Űɖ ŭɘŬŭɘəŬůɑŬ ȹ(t) ɩůŰŮ ɜŬ ɗŮɤɟɐůɞɡɛŮ Űɖ ɛɏůɖ ɖɚɘəɑŬ ɤɠ 

ˊɟɞɠ Űɞ ɢɟɧɜɞ (time average age). ɄŬɑɟɜɞɡɛŮ ɤɠ ŭɘɎůŰɖɛŬ ˊŬɟŬŰɐɟɖůɖɠ Űɞ (0,Ű) əŬɘ 

ɖ time average age ŮɑɜŬɘ: 

 

ῳ†   ᷿ ῳὸὨὸ                                                    (2.6) 

 

ɇɞ ˊŬɟŬˊɎɜɤ ɞɚɞəɚɐɟɤɛŬ ɛˊɞɟŮɑ ɜŬ ŮɟɛɖɜŮɨůŮɘ əŬɘ Űɖɜ ˊŮɟɘɞɢɐ əɎŰɤ Ŭˊɧ Űɖ 

ɔɟŬűɘəɐ Űɖɠ ȹ(t). Ⱥˊɞɛɏɜɤɠ, ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ŬˊɞŰɡˊɩůɞɡɛŮ ŬɡŰɐ Űɖɜ ˊŮɟɘɞɢɐ ɤɠ Űɞ 

ɎɗɟɞɘůɛŬ Űɤɜ ɔŮɤɛŮŰɟɘəɩɜ ɢɩɟɤɜ ˊɞɡ ůŰɞ ɆɢɐɛŬ 2.2, ŭɖɚɩɜɞɜŰŬɘ ɤɠ Qi, ɧˊɞɡ 

i=1,2,3, é , Ɂ(Ű), ɛŮ Űɞ Ɂ(Ű) ɜŬ ɞɟɑɕŮŰŬɘ ůŰɖ Ɇɢɏůɖ (2.1). Ⱥˊɘˊɚɏɞɜ, ˊɟɞůɗɏŰɞɡɛŮ 

Űɖɜ Űɟɘɔɤɜɘəɐ ˊŮɟɘɞɢɐ ůŰɞ Űɏɚɞɠ,  ́ ɞɡ ůɡɛɓɞɚɑɕŮŰŬɘ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 2.2, 

ɛŮ̀Q ɐ ɏůŰɤ Q. ȰŰůɘ: 

ῳ†    ὗ  В ὗ     
 
     В ὗ                       ςȢχ                                   

H average age of information ɘůɞɨŰŬɘ: 

ῳ  ὰὭά
ᴼ
ῳ†                                                                (2.8) 

 

Ⱥˊɑůɖɠ, ɚɧɔɤ Űɞɡ ɆɢɐɛŬŰɞɠ 2.2 əŬɘ Űɤɜ ůɢɏůŮɤɜ (2.4),(2.5) ɛˊɞɟɞɨɛŮ ɜŬ ɔɟɎɣɞɡɛŮ: 

ὗ =  Ὕ ὣ  -  Ὕ  = ὣὝ +                                                                                  (2.9) 
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ɃˊɧŰŮ ɖ ɛɏůɖ ɖɚɘəɑŬ (average age) ˊɟɞəɨˊŰŮɘ: 

   ῳ         
 

                                             (2.10) 

 

ȷɝɑɕŮɘ ɜŬ ˊŬɟŬŰɖɟɐůɞɡɛŮ ˊɤɠ ɏɢɞɡɛŮ ɡˊɞɗɏůŮɘ ŮɟɔɞŭɘəɧŰɖŰŬ ɔɘŬ Űɖ ŭɘŬŭɘəŬůɑŬ ȹ(t) 

ŬɚɚɎ ɧɢɘ ɔɘŬ Űɘɠ ɛŮŰŬɓɚɖŰɏɠ Y,T. ȺˊŮɘŭɐ ɞɘ ŭɨɞ ŰŮɚŮɡŰŬɑŮɠ ŮɑɜŬɘ ŮɝŬɟŰɖɛɏɜŮɠ 

ɛŮŰŬɓɚɖŰɏɠ, ŭŮɜ ŮɑɜŬɘ  Ŭˊɚɧɠ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ average age, ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ ŭŮ 

ɔɜɤɟɑɕɞɡɛŮ ˊɤɠ əŬŰŬɜɏɛɞɜŰŬɘ. 

 

ũɘŬ ɛɘŬ ŭŮŭɞɛɏɜɖ Űɘɛɐ ɟɡɗɛɞɨ ŮɝɡˊɖɟɏŰɖůɖɠ, ɛŮɘɩɜɞɜŰŬɠ Űɞ Y (interarrival times), 

ŬɡɝɎɜɞɜŰŬɘ ŰŬ ˊŬəɏŰŬ ˊɞɡ ɗŬ ŮɑɜŬɘ əɎɗŮ ůŰɘɔɛɐ ůŰɞ ůɨůŰɖɛŬ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɛŮɔŬɚɨŰŮɟɞɠ ůɡɜɤůŰɘůɛɧɠ ˊŬəɏŰɤɜ ˊɞɡ ɞŭɖɔŮɑ ůŮ ɛŮɔŬɚɨŰŮɟɞ ɇ 

(system time). ȷɜŰɑɗŮŰŬ, ɔɘŬ ɛŮɔɎɚŬ Y, ɖ ɞɡɟɎ ŮɑɜŬɘ ˊɘɞ ɎŭŮɘŬ əŬɘ ɏɢɞɡɛŮ, ɎɟŬ, 

ɛɘəɟɧŰŮɟŮɠ əŬɗɡůŰŮɟɐůŮɘɠ ɛŮ ɛɘəɟɧŰŮɟŬ ɇ. Ⱥˊɞɛɏɜɤɠ, ɓɚɏˊɞɡɛŮ ˊɤɠ ŰŬ Y,T ŮɑɜŬɘ 

ŬɟɜɖŰɘəɎ ůɡůɢŮŰɘůɛɏɜŮɠ ɛŮŰŬɓɚɖŰɏɠ. 

   

2.2.2  Peak Age əŬɘ Average Peak Age 

ɈˊɞɗɏŰɞɡɛŮ Yi ɞ ɢɟɧɜɞɠ ˊɞɡ ɛŮůɞɚŬɓŮɑ ɛŮŰŬɝɨ ŭɨɞ ŭɘŬŭɞɢɘəɩɜ ŬűɑɝŮɤɜ ˊŬəɏŰɤɜ i-

1,i əŬɘ Ti , ɜŬ ŮɑɜŬɘ ɞ ɢɟɧɜɞɠ ůŰɞ ůɨůŰɖɛŬ ɔɘŬ Űɞ i-ɞůŰɧ ɛŮŰŬŭɘŭɧɛŮɜɞ ˊŬəɏŰɞ. ȼ Peak 

Age of Information, PAoI, ɗŬ ŮɑɜŬɘ: 

ὃ  ὣ  Ὕ                                                                                  (2.11) 

ȷˊɧ Űɞ ɆɢɐɛŬ 2.2 ɛˊɞɟɞɨɛŮ ɜŬ ŭɞɨɛŮ Ŭəɟɘɓɩɠ ˊɤɠ ˊɟɞəɨˊŰŮɘ ɖ Peak Age of 

Information ɤɠ Űɞ ɎɗɟɞɘůɛŬ Űɤɜ ɢɟɧɜɤɜ Yi, Ti. ȼ PAoI ˊɟɞəɨˊŰŮɘ Ŭˊɧ ɛɘŬ 

ůŰɞɢŬůŰɘəɐ ŭɘŬŭɘəŬůɑŬ ůŮ ŭɘŬəɟɘŰɧ ɢɟɧɜɞ əŬɘ ˊŬɑɟɜŮɘ Űɘɛɏɠ Ŭˊɧ Űɞ ůɨɜɞɚɞ L= {tȭ0 , 

tȭ1, tȭ2. . . tȭN(Ű)}. ȾŬŰŬɚŬɓŬɑɜɞɡɛŮ ˊɤɠ ŮɑɜŬɘ ůɖɛŬɜŰɘəɧ, ɧˊɤɠ əŬɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ 

AoI, ɜŬ ɏɢɞɡɛŮ ɛɘəɟɏɠ Űɘɛɏɠ PAoI, ŭɖɚŬŭɐ ɛɘəɟɐ ɛɏůɖ Űɘɛɐ PAoI (Average Peak Age 

of Information) ɩůŰŮ ɜŬ ŭɘŬŰɖɟɞɨɛŮ űɟɏůəɘŮɠ ˊɚɖɟɞűɞɟɑŮɠ. 

ȷɜ ˊɎɟɞɡɛŮ ɤɠ ŭɘɎůŰɖɛŬ ˊŬɟŬŰɐɟɖůɖɠ Űɞ (0,Ű) ɛŮ N(Ű) Űɞɜ Ŭɟɘɗɛɧ Űɤɜ ŭŮɘɔɛɎŰɤɜ 

ˊɞɡ ɏɢɞɡɜ   ŮɝɡˊɖɟŮŰɖɗŮɑ ɛɏɢɟɘ Űɖ ůŰɘɔɛɐ Ű, ɖ time average peak Age of Information 

ŮɑɜŬɘ: 
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 ὃ  В ὃ                                                     (2.12)   

 

ȰŰůɘ, ɖ average peak age of information ɘůɞɨŰŬɘ: 

ὃ ÌÉÍ
ᴼ
ὃ  ςȢρσ 

ɉɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɖ Ɇɢɏůɖ (2.11), ˊɟɞəɨˊŰŮɘ: 
    

ὃ  Ὁὣ Ὕ ςȢρτ 

  

ɧˊɞɡ T = W + S ɛŮ W: ɢɟɧɜɞɠ ŬɜŬɛɞɜɐɠ əŬɘ S: ɢɟɧɜɞɠ ŮɝɡˊɖɟɏŰɖůɖɠ. 

 

ɁŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ɖ peak age ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůŮ ŮűŬɟɛɞɔɏɠ ˊɞɡ ɛŬɠ 

ŮɜŭɘŬűɏɟŮɘ  ɖ ɢŮɘɟɧŰŮɟɖ ˊŮɟɑˊŰɤůɖ ɖɚɘəɑŬɠ ɐ ɏɢɞɡɛŮ ˊŮɟɘɞɟɘůɛɧ ɔɘŬ Űɖ ɛɏɔɘůŰɖ 

ɖɚɘəɑŬ. 

 

 

2.3  ȼ AoI ůŮ Ɇɢɏůɖ ɛŮ ȯɚɚŮɠ ɄŬɟŬɛɏŰɟɞɡɠ 

ȹɨɞ ɓŬůɘəɏɠ ˊŬɟɎɛŮŰɟɞɘ ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ŮɑɜŬɘ ɖ 

əŬɗɡůŰɏɟɖůɖ (delay) əŬɘ ɞ ɢɟɧɜɞɠ ɛŮŰŬɝɨ ŭɘŬŭɞɢɘəɩɜ ˊŬɟŬɚŬɓɩɜ Űɤɜ ˊŬəɏŰɤɜ 

(interdelivery time). ɆɡɔəŮəɟɘɛɏɜŬ, ɖ əŬɗɡůŰɏɟɖůɖ ŮɑɜŬɘ ɞ ɢɟɧɜɞɠ ˊɞɡ ɛŮůɞɚŬɓŮɑ 

Ŭˊɧ Űɖɜ ŭɖɛɘɞɡɟɔɑŬ ɛɏɢɟɘ Űɖɜ ˊŬɟɎŭɞůɖ Űɞɡ ˊŬəɏŰɞɡ. 

ɆŰɞ ɆɢɐɛŬ 2.3, űŬɑɜɞɜŰŬɘ ɞɘ ɛŮŰɟɘəɏɠ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟɞɡɜ əŬɗɩɠ əŬɘ ˊɤɠ 

ůɡɜŭɏɞɜŰŬɘ ɛŮ Űɖɜ AoI ůŰɞ ŮˊɑˊŮŭɞ Űɞɡ ɢɟɧɜɞɡ. 

 



 

18 
 

 

ʅ˔ʺ˃ʰ 2.3 ς ʋˊˇ˄ʽˁʺ h ˉʶʽˁˈ˄ʽˋʹ Age Of Information, Delay, Interdelivery Time   

 

Ƀ ɏɚŮɔɢɞɠ ɛɧɜɞ Ůɜɧɠ Ŭˊɧ Űɘɠ ŭɨɞ ˊŬɟŬɛɏŰɟɞɡɠ, ˊɞɡ ůɢɞɚɘɎůŬɛŮ, ŭŮɜ ŮɑɜŬɘ ŬɟəŮŰɧɠ 

ɔɘŬ Űɖɜ ŮˊɑŰŮɡɝɖ əŬɚɐɠ AoI. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, ůŮ ɏɜŬ ůɨůŰɖɛŬ Ůɜɧɠ ŮɝɡˊɖɟŮŰɖŰɐ ˊɞɡ 

ɏɢɞɡɛŮ ɡɣɖɚɧ ɟɡɗɛɧ ŮɝɡˊɖɟɏŰɖůɖɠ əŬɘ ɢŬɛɖɚɧ ɟɡɗɛɧ ŬűɑɝŮɤɜ, ɞŭɖɔɞɨɛŬůŰŮ ůŮ 

ɛɘəɟɐ əŬɗɡůŰɏɟɖůɖ, Ŭűɞɨ ɖ ɞɡɟɎ ŮɑɜŬɘ ůɡɢɜɎ ɎŭŮɘŬ. ɋůŰɧůɞ, ɖ ɖɚɘəɑŬ Űɖɠ 

ˊɚɖɟɞűɞɟɑŬɠ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ɛŮɔɎɚɖ Űɘɛɐ, Ŭűɞɨ ɞɘ ŬűɑɝŮɘɠ ɔɑɜɞɜŰŬɘ ŬɟŬɘɧŰŮɟŬ, ɛŮ 

ŬˊɞŰɏɚŮůɛŬ ɖ ˊɚɖɟɞűɞɟɑŬ ˊɞɡ űŰɎɜŮɘ ůŰɞɜ ˊɟɞɞɟɘůɛɧ ɜŬ ŮɑɜŬɘ ɑůɤɠ ɝŮˊŮɟŬůɛɏɜɖ. 

 

ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ (ɄɑɜŬəŬɠ 2.1), ŬˊɞŭŮɘəɜɨŮŰŬɘ ŬɡŰɧ ˊɞɡ ˊɟɞŬɜŬűɏɟɗɖəŮ, ɛŮ 

Űɞ ŬɟɘɗɛɖŰɘəɧ ˊŬɟɎŭŮɘɔɛŬ ɛɘŬɠ M/M/1 ɞɡɟɎɠ ɛŮ ɟɡɗɛɧ ŮɝɡˊɖɟɏŰɖůɖɠ ɛ=1 ɧˊɞɡ 

ɡɣɖɚɏɠ Űɘɛɏɠ Ůɜɧɠ Ůə Űɤɜ ŭɨɞ Ŭˊɧ ŰŬ delay, interdelivery time ɞŭɖɔɞɨɜ ůŮ ɡɣɖɚɐ AɞȽ 

ˊŬɟô ɧŰɘ Űɞ Ɏɚɚɞ ɛˊɞɟŮɑ ɜŬ ɏɢŮɘ ɢŬɛɖɚɐ Űɘɛɐ.  

 

 

 

ʃʾ˄ʰˁʰˌ 2.1 ς ɾʷˋʹ AoI ɹ ʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍ˖˄ delay, interdelivery time ̀ ʶ ˇˎˊʱ M/ Mκм ˃ʶ ˃Ґм 

ˁʰʽ ˃ʶˍʰʲ˂ʹˍˈ ˂ [14] 
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ȸɚɏˊɞɡɛŮ ˊɤɠ, ɖ ɓɏɚŰɘůŰɖ Űɘɛɐ ɔɘŬ Űɖ ɛɏůɖ ɖɚɘəɑŬ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛŮ Ůɘŭɘəɧ 

ůɡɜŭɡŬůɛɧ Űɤɜ delay əŬɘ interdelivery time, əŬɘ ɧɢɘ ůŰɘɠ ŮɚɎɢɘůŰŮɠ ɐ ɛɏɔɘůŰŮɠ Űɘɛɏɠ 

Űɞɡɠ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ ɖ AoI ˊŬɑɟɜŮɘ əŬɚɏɠ Űɘɛɏɠ, ɧŰŬɜ ɏɢɞɡɛŮ ɛɘŬ ůɢŮŰɘəɎ 

ɢŬɛɖɚɐ əŬɗɡůŰɏɟɖůɖ ŬɚɚɎ ŰŬəŰɘəɐ ˊŬɟɎŭɞůɖ ˊŬəɏŰɤɜ.  

 

ȷɡŰɧ ŬˊɞŰɡˊɩɜŮŰŬɘ əŬɘ ůŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ ɧˊɞɡ ˊŬɟŬŰɖɟɞɨɛŮ Űɖɜ ˊɞɟŮɑŬ Űɤɜ 

Űɘɛɩɜ Űɤɜ age, delay ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɞ ɟɡɗɛɧ ˊŬɟŬɔɤɔɐɠ ŭŮɘɔɛɎŰɤɜ. ȼ ŮɚɎɢɘůŰɖ 

AoI ˊɟɞəɨˊŰŮɘ ɔɘŬ ɏɜŬɜ çɛŮůŬɑɞè ɟɡɗɛɧ ŭɖɛɘɞɡɟɔɑŬɠ ˊŬəɏŰɤɜ əŬɘ ɛɘəɟɐ 

əŬɗɡůŰɏɟɖůɖ (ɧɢɘ ŮɚɎɢɘůŰɖ). 

 

 

ʅ˔ʺ˃ʰ нΦп ς ɶ ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˁʰʽ ʹ ˁʰʻˎˋˍʷˊʹˋʹ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ ˊˎʻ˃ˈ 

ʵʶʽʴ˃ʰˍˇ˂ʶʽ˕ʾʰˌ ʴʽʰ M/ M/1 FIFO ̌ ˎˊʱ 
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ȾŮűɎɚŬɘɞ 3: ɀɞɜŰɏɚŬ AoI ɆɡɜŮɢɞɨɠ ɉɟɧɜɞɡ 

 

ɆŰɞ ȾŮűɎɚŬɘɞ ŬɡŰɧ ɔɑɜŮŰŬɘ ɛŮɚɏŰɖ ɛɞɜŰɏɚɤɜ ůɡɜŮɢɞɨɠ ɢɟɧɜɞɡ, ŭɖɚŬŭɐ ɛɞɜŰɏɚɤɜ 

ɧˊɞɡ ɞ ɢɟɧɜɞɠ ˊŬɟŬɛɞɜɐɠ ůŮ ɛɑŬ əŬŰɎůŰŬůɖ ŬəɞɚɞɡɗŮɑ ŭɘŬŭɘəŬůɑŬ ůɡɜŮɢɞɨɠ ɢɟɧɜɞɡ. 

ȷɡŰɧ ůɖɛŬɑɜŮɘ ˊɤɠ ɖ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ůŰŬ ɛɞɜŰɏɚŬ ŬɡŰɎ ɞɟɑɕŮŰŬɘ ɤɠ ůɡɜŮɢɐɠ 

ŭɘŬŭɘəŬůɑŬ. 

 

 

3.1 ɀɞɜŰɏɚŬ ɛŮ 1 ȺɝɡˊɖɟŮŰɖŰɐ 

ȷɟɢɘəɎ ɗŬ ŮɝŮŰŬůŰɞɨɜ ɞɟɘůɛɏɜŬ ŬˊɚɎ ɛɞɜŰɏɚŬ Ůɜɧɠ ŮɝɡˊɖɟŮŰɖŰɐ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ 

first-come-first- served (FCFS) ˊɞɚɘŰɘəɐ. ȺɑɜŬɘ ŰŬ M/M/1, M/D/1 əŬɘ D/M/1 ɛɞɜŰɏɚŬ, 

ŰŬ ɞˊɞɑŬ ŬɜŬɚɨɞɜŰŬɘ ůŰɞ [1] əŬɘ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɤɠ ůɡůŰɐɛŬŰŬ ɔɘŬ Űɖɜ 

ŬˊɚɞɨůŰŮɟɖ ŬɜɎɚɡůɖ Űɤɜ ɘŭɘɞŰɐŰɤɜ Űɞɡɠ, əŬɗɩɠ əŬɘ Űɤɜ ɛŮŰɟɘəɩɜ ˊɞɡ ɛŬɠ 

ŮɜŭɘŬűɏɟɞɡɜ. 

 

3.1.1  M/M/1 - FIRST COME FIRST SERVED 

ŪŬ ɛŮɚŮŰɐůɞɡɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ Ůɜɧɠ M/M/1 ůɡůŰɐɛŬŰɞɠ ŰŬ ˊŬəɏŰŬ Űɞɡ ɞˊɞɑɞɡ 

Ŭəɞɚɞɡɗɞɨɜ  FCFS (First Come First Served) ˊɞɚɘŰɘəɐ. ɇɞ ůɨůŰɖɛŬ ˊŮɟɘɏɢŮɘ ɛɑŬ ˊɖɔɐ 

əŬɘ ɏɜŬɜ ŮɝɡˊɖɟŮŰɖŰɐ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ ŬűɑɝŮɤɜ ɜŬ ŮɑɜŬɘ Poisson ɛɏůɞ ɟɡɗɛɧ ɚ Ůɜɩ 

ɞɘ ɢɟɧɜɞɘ ŮɝɡˊɖɟɏŰɖůɖɠ Ŭəɞɚɞɡɗɞɨɜ ŮəɗŮŰɘəɐ əŬŰŬɜɞɛɐ ɛŮ ɛɏůɞ 1/ɛ. ɈˊɞɗɏŰɞɡɛŮ 

ɧŰɘ ɞɘ ɢɟɧɜɞɘ ŮɝɡˊɖɟɏŰɖůɖɠ ŮɑɜŬɘ ŬɜŮɝɎɟŰɖŰɞɘ ɛŮŰŬɝɨ Űɞɡɠ əŬɘ ŬɜŮɝɎɟŰɖŰɞɘ Űɤɜ 

interarrival times Yi ɛŮ E[Yi] =  ρȾʇ . ɇŬɡŰɧɢɟɞɜŬ, ɞ ŮɝɡˊɖɟŮŰɖŰɐɠ ˊɞŰɏ ŭŮɜ ɛɏɜŮɘ 

ŬɜŮɜŮɟɔɧɠ ɧŰŬɜ ɡˊɎɟɢŮɘ ˊŮɚɎŰɖɠ ůŰɞ ůɨůŰɖɛŬ  (work conserving) Ůɜɩ ɏɢŮɘ 

ɢɟɖůɘɛɞˊɞɑɖůɖ ɟ = . ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɖɚɘəɑŬɠ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ (AoI) əŬɘ 

ɓŬůɘɕɧɛŮɜɞɘ ůŰɖ Ɇɢɏůɖ (2.9), ɓɚɏˊɞɡɛŮ ˊɤɠ ˊɟɏˊŮɘ ɜŬ ɡˊɞɚɞɔɘůŰɞɨɜ ˊɟɩŰŬ ɞɘ 

ˊŬɟɎɔɞɜŰŮɠ ɞ ɭɬ əŬɘ E[Y2]. 

 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɖ Y ŮɑɜŬɘ ŮəɗŮŰɘəɎ əŬŰŬɜŮɛɖɛɏɜɖ ɛŮŰŬɓɚɖŰɐ ɛŮ ɛɏůɞ ɟɡɗɛɧ ɚ, 

ˊɟɞəɨˊŰŮɘ E[Y2] = ςȾʇ2. ũɘŬ Űɞɜ ˊŬɟɎɔɞɜŰŬ % 9ɬ ɗŬ ˊɟɏˊŮɘ ɜŬ ɓɟɞɨɛŮ Űɞ ɢɟɧɜɞ Űɞɡ 

ůɡůŰɐɛŬŰɞɠ, ɞ  ɞˊɞɑɞɠ ɔɘŬ ɛɑŬ Ůɜɖɛɏɟɤůɖ əŬŰɎůŰŬůɖɠ i ŮɑɜŬɘ ɑůɞɠ ɛŮ: 

Ὕ  ὡ  Ὓ σȢρ               
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ɧˊɞɡ Wi ŮɑɜŬɘ ɞ ɢɟɧɜɞɠ ŬɜŬɛɞɜɐɠ əŬɘ Si ɞ ɢɟɧɜɞɠ ŮɝɡˊɖɟɏŰɖůɖɠ (=1/ɛ).  

Ⱥűɧůɞɜ Si,Yi ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰŬɓɚɖŰɏɠ, ˊɟɞəɨˊŰŮɘ: 

ὉὝὣ  Ὁ ὡ  Ὓὣ  Ὁὡὣ   ὉὛὉὣ σȢς 

 

ɀˊɞɟɞɨɛŮ ɜŬ ɗŮɤɟɐůɞɡɛŮ ɧŰɘ Wi = (Tiī1 ī Xi)
+ Ŭűɞɨ ɘůɢɨŮɘ Wi = 0 Ŭɜ Űɞ ˊŬəɏŰɞ i-1 

ɏɢŮɘ  ŮɝɡˊɖɟŮŰɖɗŮɑ ɧŰŬɜ Űɞ ˊŬəɏŰɞ i ˊŬɟɎɔŮŰŬɘ Ůɜɩ ůŮ Ɏɚɚɖ ́ ŮɟɑˊŰɤůɖ ɘůɢɨŮɘ:  

Wi = Tiī1 ï Xi. 

 

ũɜɤɟɑɕɞɜŰŬɠ Űɖ ůɡɜɎɟŰɖůɖ ́ ɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ: 

 

ὪὝ ὸ  Аρ  ”Ὡ Аρ ”ὸ ȟ ὸ  π σȢσ 

  

ɛˊɞɟɞɨɛŮ ɜŬ ɡˊɞɚɞɔɑůɞɡɛŮ Űɞɜ ˊŬɟɎɔɞɜŰŬ: 

Ὁὡȿὣ ώ  ὸ ώ ὪὝ ὸ Ὠὸ  

                     
Ὡ

‘ρ ”
     σȢτ   

əŬɘ ɏˊŮɘŰŬ Űɞ  

 

ὉὡὝ  ώ  Ὁὡȿὣ ώὪὣώὨώ   
”

‘ ρ ”
  σȢυ 

 

 

ȰŰůɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ (2.10), (3.1), (3.5) ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ɛɏůɖ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ 

ŮɑɜŬɘ: 

ῳ Ⱦ Ⱦ  
ρ

‘
 ρ

ρ

”

”

ρ ”
σȢφ  
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ȷɡŰɧ ˊɞɡ ŮˊɘɗɡɛɞɨɛŮ ŮɑɜŬɘ ɜŬ ŮɚŬɢɘůŰɞˊɞɘɖɗŮɑ ɖ ɛɏůɖ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ɢɤɟɑɠ 

ɜŬ ŮˊɖɟŮŬůŰŮɑ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ɟ Űɞɡ ŮɝɡˊɖɟŮŰɖŰɐ. ŪŮɤɟɩɜŰŬɠ ŭŮŭɞɛɏɜŮɠ Űɘɛɏɠ ɔɘŬ 

ŰŬ ɛ,ɚ əŬɘ ɡˊɞɗɏŰɞɜŰŬɠ ɧŰɘ ŮɝŮŰɎɕɞɡɛŮ ŰɡɢŬɑŮɠ ůŰɘɔɛɏɠ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ X(t), ɖ 

ɕɖŰɞɨɛŮɜɖ Űɘɛɐ ɔɘŬ Űɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ŮɑɜŬɘ ɟ* å 0.53 ɧˊɤɠ ŮɝɎɔŮŰŬɘ Ŭˊɧ Űɖ Ɇɢɏůɖ 

(3.6). 

 

ȸɚɏˊɞɡɛŮ, ɚɞɘˊɧɜ, ˊɤɠ ɖ ŮɚɎɢɘůŰɖ ɛɏůɖ AoI ŭŮɜ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɞɨŰŮ ɏɢɞɜŰŬɠ ɛɏɔɘůŰɖ 

Ŭˊɧŭɞůɖ (ɧŰŬɜ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ŰŮɑɜŮɘ ůŰɞ 1) ɞɨŰŮ ɏɢɞɜŰŬɠ ŮɚɎɢɘůŰɖ əŬɗɡůŰɏɟɖůɖ 

(ɧŰŬɜ ɖ        ɢɟɖůɘɛɞˊɞɑɖůɖ ŰŮɑɜŮɘ ůŰɞ 0). 

 

3.1.2  M/D/1 - FIRST COME FIRST SERVED 

ɆŰɞ M/D/1 ůɨůŰɖɛŬ ɏɢɞɡɛŮ ŮɜɖɛŮɟɩůŮɘɠ əŬŰɎůŰŬůɖɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ɓɎůŮɘ Űɖɠ 

ŭɘŬŭɘəŬůɑŬɠ  Poisson ɛŮ ɛɏůɞ ɟɡɗɛɧ ɚ əŬɘ ɜŰŮŰŮɟɛɘɜɘůŰɘəɧ ɢɟɧɜɞ ŮɝɡˊɖɟɏŰɖůɖɠ. ȷɡŰɧ 

ůɖɛŬɑɜŮɘ ˊɤɠ ɘůɢɨŮɘ Si = D ɔɘŬ əɎɗŮ ˊŬəɏŰɞ i ɧˊɞɡ D ůŰŬɗŮɟɐ Űɘɛɐ. ũɘŬ ɜŬ 

ˊɟɞůŭɘɞɟɘůŰŮɑ, Ůə ɜɏɞɡ, ɖ ɛɏůɖ ɖɚɘəɑŬ, ɢɟŮɘŬɕɧɛŬůŰŮ Űɞɜ ˊŬɟɎɔɞɜŰŬ Ⱥ[Ɉɇ] 

ŭŮŭɞɛɏɜɞɡ ɧŰɘ Ὁ    ςȾ‗ Ŭűɞɨ ɖ Y ŮɑɜŬɘ ŮəɗŮŰɘəɎ əŬŰŬɜŮɛɖɛɏɜɖ ɛŮŰŬɓɚɖŰɐ ɛŮ 

ɛɏůɞ ɟɡɗɛɧ ɚ. 

ŪŮɤɟɩɜŰŬɠ ɧŰɘ ɞ ɢɟɧɜɞɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ: 

 
ὝὭ  ὡὭ  Ὀ σȢχ 

 

ɄɟɞəɨˊŰŮɘ:  

ὉὝὭὣὭ  ὉὡὭὣὭ  Ὀ ὉὣὭ σȢψ 

ɛŮ ὉὣὭ ρ
‗. 

 

ɀˊɞɟɞɨɛŮ ɜŬ ɔɟɎɣɞɡɛŮ: 

ὉὡὭȿὣὭ ώ  Ὁ Ὕ  ώ  Ὁ ὡ  Ὀ  ώ σȢω 

 

ɧˊɞɡ ɔɜɤɟɑɕɞɜŰŬɠ ˊɤɠ E[W] =   , ɛˊɞɟŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɞ ˊŬɟɎɔɞɜŰŬɠ 

ὉὡὭȿὣὭ  ώ əŬɘ ɤɠ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɝɎɔɞɡɛŮ Űɞ ὉὡὭὣὭ. 

ȿɧɔɤ Űɖɠ ˊŮɟɘˊɚɞəɧŰɖŰŬɠ Űɖɠ ŬɜɎɚɡůɖɠ ŭŮɜ ˊŬɟɏɢŮŰŬɘ ɖ Ŭəɟɘɓɐɠ ɏəűɟŬůɖ Űɖɠ 
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ɖɚɘəɑŬɠ Űɖɠ ́ ɚɖɟɞűɞɟɑŬɠ ɔɘŬ ɏɜŬ ůɨůŰɖɛŬ M/D/1 [1]. 

ȼ ɢɟɖůɘɛɞˊɞɑɖůɖ ɟ ˊɞɡ ŮɚŬɢɘůŰɞˊɞɘŮɑ Űɖ ɛɏůɖ AoI ŮɑɜŬɘ ɑůɖ ɛŮ ɟ* å 0.625 ɧˊɤɠ 

ɓɟɑůəŮŰŬɘ  ůŰɞ [1]. 

 

3.1.3  D/M/1 - FIRST COME FIRST SERVED 

ɆŰɞ D/M/1 ůɨůŰɖɛŬ ɏɢɞɡɛŮ ŮɜɖɛŮɟɩůŮɘɠ əŬŰɎůŰŬůɖɠ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ ůŮ ɛɑŬ 

ɜŰŮŰŮɟɛɘɜɘůŰɘəɐ       ́ Ůɟɑɞŭɞ D Ůɜɩ ɞɘ ɢɟɧɜɞɘ ŮɝɡˊɖɟɏŰɖůɖɠ ŮɑɜŬɘ ŮəɗŮŰɘəɎ əŬŰŬɜŮɛɖɛɏɜɞɘ 

ɛŮ ɛɏůɖ Űɘɛɐ 1/ɛ. 

 

ȽůɢɨŮɘ: E[Y] =  D, E[Y2]/2  =  D2/2  , E[YT] =  DE[T] 

 

ɃˊɧŰŮ ŬɟəŮɑ ɜŬ ɡˊɞɚɞɔɘůŰŮɑ ɖ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ E[T] ˊɞɡ ŬűɞɟɎ Űɞ ɢɟɧɜɞ 

ůɡůŰɐɛŬŰɞɠ ɇ.        ŪŮɤɟɩɜŰŬɠ ɧŰɘ ɞ ɢɟɧɜɞɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ŮɑɜŬɘ: 

 

ὝὭ  ὡὭ  Ὓ σȢρπ 

ɞ ɛɏůɞɠ ɢɟɧɜɞɠ Űɞɡ ůɡůŰɐɛŬŰɞɠ ɛˊɞɟŮɑ ɜŬ ɔɟŬűŮɑ: 

 

ὉὝ  Ὁὡ  ὉὛ     σȢρρ  

 

ɧˊɞɡ 0ÒɓÒ1 ŮɑɜŬɘ ɖ ɚɨůɖ Űɖɠ Ůɝɑůɤůɖɠ ɓ=Lx(ɛ(1-ɓ)) 

ɛŮ Lx ɜŬ ŮɑɜŬɘ ɞ ɛŮŰŬůɢɖɛŬŰɘůɛɧɠ Laplace Űɖɠ əŬŰŬɜɞɛɐɠ Űɞɡ ɢɟɧɜɞɡ ɛŮŰŬɝɨ ŭɨɞ 

ůɡɜŮɢɧɛŮɜɤɜ ŮˊɘŰɡɢɖɛɏɜɤɜ ŬűɑɝŮɤɜ [4]. 

ȰŰůɘ, ˊɟɞəɨˊŰŮɘ ɧŰɘ ɖ ɛɏůɖ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ŮɑɜŬɘ: 

 

ῳ Ⱦ Ⱦ   ὈὉὝ       σȢρς 

 

ũɘŬ Űɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ ɛɏůɖɠ AoI, ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ŮɑɜŬɘ ɑůɖ ɛŮ ɟ* å 0.515. 

 

3.1.4  Ɇɨɔəɟɘůɖ M/M/1, M/D/1, D/M/1 

ɆɡɜɞˊŰɘəɎ ŰŬ 3 ŭɘŬűɞɟŮŰɘəɎ ɛɞɜŰɏɚŬ ˊɞɡ ŮɝŮŰɎůɗɖəŬɜ, ůɡɔəɟɑɜɞɜŰŬɘ ɤɠ ˊɟɞɠ Űɖ 

ɛɏůɖ AoI ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ɔɘŬ ůŰŬɗŮɟɧ ɟɡɗɛɧ ŮɝɡˊɖɟɏŰɖůɖɠ ɑůɞ 
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ɛŮ ɛ=1.  

 

ʅ˔ʺ˃ʰ оΦм- ɶ ˃ʷˋʹ ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ʴʽʰ ˍʰ aκaκмΣ aκ5κмΣ 5κaκм ˖ˌ ˉˊˇˌ ˍʹ 

˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ɹ ʽʰ ˃Ґм [1] 

 

 

ȸɚɏˊɞɡɛŮ ˊɤɠ Űɞ ɛɞɜŰɏɚɞ D/M/1 ŮˊɘŰɡɔɢɎɜŮɘ ŬɟəŮŰɎ ɢŬɛɖɚɐ ɛɏůɖ AoI ůŮ ůɢɏůɖ ɛŮ 

ŰŬ ɎɚɚŬ 2 ɛɞɜŰɏɚŬ ɔɘŬ ɧɚŮɠ Űɘɠ Űɘɛɏɠ ɟ. ȳůɞ ŬɡɝɎɜŮŰŬɘ ɖ Űɘɛɐ Űɞɡ ɟ, ˊŬɟŬŰɖɟɞɨɛŮ 

ˊɤɠ ɞɘ Űɘɛɏɠ Űɞɡ M/D/1 ˊɚɖůɘɎɕɞɡɜ ŮəŮɑɜŮɠ Űɞɡ D/M/1 Ůɜɩ ŬˊɞɛŬəɟɨɜɞɜŰŬɘ Ŭˊɧ 

ŬɡŰɏɠ Űɞɡ M/M/1 ˊɞɡ ŬɟɢɘəɎ ɐŰŬɜ ůɢŮŭɧɜ ɑŭɘŮɠ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ŭɘɧŰɘ ɔɘŬ ɛŮɔŬɚɨŰŮɟɖ 

ɢɟɖůɘɛɞˊɞɑɖůɖ, ɏɢɞɡɛŮ ˊŮɟɘůůɧŰŮɟŬ ˊŬəɏŰŬ ůŮ ŬɜŬɛɞɜɐ, əŬŰɎůŰŬůɖ ůŰɖɜ ɞˊɞɑŬ 

ůɡɛˊŮɟɘűɏɟŮŰŬɘ əŬɚɨŰŮɟŬ Űɞ M/D/1 Ŭˊɧ Űɞ M/M/1, Ŭűɞɨ ɞ ɜŰŮŰŮɟɛɘɜɘůɛɧɠ ůŰɖɜ 

ŮɝɡˊɖɟɏŰɖůɖ ůŰɞ M/D/1 ɛŮɘɩɜŮɘ Űɖɜ ɞɡɟɎ. 

 

 

3.2 ɀɞɜŰɏɚŬ ɛŮ ɄŮɟɘůůɧŰŮɟɞɡɠ ȺɝɡˊɖɟŮŰɖŰɏɠ 

ɀɏɢɟɘ ůŰɘɔɛɐɠ ɏɢɞɡɛŮ ŮɝŮŰɎůŮɘ ɛɞɜŰɏɚŬ ŰŬ ɞˊɞɑŬ ɏɢɞɡɜ ɏɜŬɜ ŮɝɡˊɖɟŮŰɖŰɐ, ɧˊɞɡ ɖ 

ɚɐɣɖ Űɞɡ ˊŬəɏŰɞɡ Ŭˊɧ Űɞɜ ˊɟɞɞɟɘůɛɧ ɔɑɜŮŰŬɘ ɛŮ ůŮɘɟɎ. ɋůŰɧůɞ, ŰŬ ŭɑəŰɡŬ ɛˊɞɟŮɑ ɜŬ 

ŮɑɜŬɘ ŭɡɜŬɛɘəɎ əŬɘ ɞɘ ŰɞˊɞɚɞɔɑŮɠ Űɞɡɠ ɜŬ ŬɚɚɎɕɞɡɜ, Ŭűɞɨ ɞɘ ůɡɜŭɏůŮɘɠ ɛŮŰŬɝɨ Űɤɜ 

əɧɛɓɤɜ ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɟɡɗɛɘɕɧɛŮɜŮɠ. ȰŰůɘ, ɖ ɚɐɣɖ Űɤɜ ˊŬəɏŰɤɜ ɛˊɞɟŮɑ ɜŬ ɛɖɜ 

ůɡɛɓŬɑɜŮɘ ɛŮ Űɖ ůŮɘɟɎ ˊɞɡ ɔɑɜŮŰŬɘ ɖ Ůəˊɞɛˊɐ Űɞɡɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ əɎˊɞɘŬ ˊŬəɏŰŬ ɜŬ 

ˊŮɟɘɏɢɞɡɜ ˊŬɚŬɘɧŰŮɟɖ ˊɚɖɟɞűɞɟɑŬ Ŭˊɧ ŬɡŰɐ ˊɞɡ ɏɢŮɘ ɚɖűɗŮɑ ɐŭɖ Ŭˊɧ ɎɚɚŬ.  

ȷɡŰɧ ŭɖɛɘɞɡɟɔŮɑ Űɖɜ ŬɜɎɔəɖ ɜŬ ŮɝŮŰŬůŰɞɨɜ ɛɞɜŰɏɚŬ ɛŮ ˊŮɟɘůůɧŰŮɟɞɡɠ Ŭˊɧ ɏɜŬɜ 

ŮɝɡˊɖɟŮŰɖŰɏɠ, ɧˊɤɠ ŮɑɜŬɘ ŰŬ M/M/c ɛŮ c>1, ɔɘŬ Űɖɜ ŬɜŰɘɛŮŰɩˊɘůɖ ŭɘɎűɞɟɤɜ 

űŬɘɜɞɛɏɜɤɜ ůŬɜ Űɤɜ ˊɞɚɚŬˊɚɩɜ ɛɞɜɞˊŬŰɘɩɜ ůŰɖ ɛŮŰɎŭɞůɖ ˊŬəɏŰɤɜ.  
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3.2.1 Informative ï Obsolete ɄŬəɏŰŬ 

ɄɟɩŰŬ, əŬɚɧ ŮɑɜŬɘ ɜŬ ɞɟɘůŰŮɑ ˊɞɘŬ ˊŬəɏŰŬ ɞɜɞɛɎɕɞɡɛŮ ˊɚɖɟɞűɞɟɘŬəɎ (informative).   

ŪŮɤɟɞɨɛŮ ɏɜŬ ůɨůŰɖɛŬ ˊɞɡ ˊŮɟɘɏɢŮɘ ɏɜŬ ůɨɜŭŮůɛɞ ŮˊɘəɞɘɜɤɜɑŬɠ ˊɖɔɐɠ-ˊɟɞɞɟɘůɛɞɨ, 

ˊɞɡ ɢɤɟɑɕɞɜŰŬɘ Ŭˊɧ ɏɜŬ ŭɘəŰɡŬəɧ ɜɏűɞɠ. ɃɟɑɕɞɡɛŮ Űɞ informative ˊŬəɏŰɞ ɤɠ ɏɜŬ 

ˊŬəɏŰɞ m ˊɞɡ ñəɞɡɓŬɚɎŮɘò ˊɘɞ ɜɏŬ ˊɚɖɟɞűɞɟɑŬ ůŮ ůɨɔəɟɘůɖ ɛŮ ŰŬ ˊŬəɏŰŬ ˊɞɡ ɏɢɞɡɜ 

űŰɎůŮɘ ɜɤɟɑŰŮɟŬ ůŰɞɜ ˊɟɞɞɟɘůɛɧ. ȷɜ ɗŮɤɟɐůɞɡɛŮ Y i ɤɠ interarrival times əŬɘ Si ɤɠ 

service times Űɞɡ update, ŰɧŰŮ ɔɘŬ ɜŬ ŮɑɜŬɘ ɏɜŬ ˊŬəɏŰɞ ˊɚɖɟɞűɞɟɘŬəɧ ˊɟɏˊŮɘ: 

 

Ὓ Ὓ В ὣ , ᶪ Ò  Í                                         (3.13) 

ȷɜŰɑɗŮŰŬ, ɏɜŬ ˊŬəɏŰɞ m ɗŮɤɟŮɑŰŬɘ ɝŮˊŮɟŬůɛɏɜɞ (obsolete) Ŭɜ ɡˊɎɟɢŮɘ ˊŬəɏŰɞ k ˊɞɡ 

ŭɖɛɘɞɡɟɔɐɗɖəŮ ɛŮŰɎ Ŭˊɧ Űɞ m (tm < tk), ŬɚɚɎ ɏűŰŬůŮ ůŰɞɜ ˊɟɞɞɟɘůɛɧ ɜɤɟɑŰŮɟŬ (t`k < 

t`m). 

ȰɜŬ informative ˊŬəɏŰɞ, ŭŮɜ əŬɗɑůŰŬŰŬɘ obsolete. 

 

3.2.2 M/M/Њ 

ȷɟɢɘəɎ, ɗŬ ŭɞɨɛŮ Űɞ M/M/Њ ɛɞɜŰɏɚɞ, ɧˊɞɡ ɏɢɞɡɛŮ ɛɘŬ ˊɖɔɐ əŬɘ ɎˊŮɘɟɞɡɠ 

ŮɝɡˊɖɟŮŰɖŰɏɠ ɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ ŬűɑɝŮɤɜ ɜŬ ŮɑɜŬɘ Poisson ɛɏůɞɡ ɟɡɗɛɞɨ ɚ əŬɘ Űɞɡɠ 

ɢɟɧɜɞɡɠ ŮɝɡˊɖɟɏŰɖůɖɠ ɜŬ Ŭəɞɚɞɡɗɞɨɜ ŮəɗŮŰɘəɐ əŬŰŬɜɞɛɐ ɛŮ ɛɏůɞ 1/ɛ. ȾŬŰɎ Űɖ 

ɛŮŰɎŭɞůɖ, ɧŰŬɜ ɖ ˊɖɔɐ ˊŬɟɎɔŮɘ ɏɜŬ ˊŬəɏŰɞ, ŮəŮɑɜɞ ˊŮɟɘɏɢŮɘ Űɤɟɘɜɐ ˊɚɖɟɞűɞɟɑŬ əŬɘ 

ɝŮəɘɜɎ Ŭɛɏůɤɠ ɖ ŮɝɡˊɖɟɏŰɖůɖ Űɞɡ, ɛɘŬɠ əŬɘ Űɞ ůɨůŰɖɛŬ ɏɢŮɘ ɎˊŮɘɟɞɡɠ ŮɝɡˊɖɟŮŰɖŰɏɠ.   

 

 

ʅ˔ʺ˃ʰ оΦн - ɶ ́˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ ˔ˊˈ˄ˇ ʴʽʰ ˍˇ ˃ˇ˄ˍʷ˂ˇ M/ M/Њ [8] 
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ȿɧɔɤ Űɖɠ ˊɞɚɡˊɚɞəɧŰɖŰŬɠ Űɞɡ ɡˊɞɚɞɔɘůɛɞɨ Űɖɠ average AoI ɔɘŬ Űɞ ɛɞɜŰɏɚɞ 

M/M/Њ, ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɧɟɘŬ ɔɘŬ ɜŬ Űɖɜ ˊɟɞůŭɘɞɟɑůɞɡɛŮ ˊɟɞůŮɔɔɘůŰɘəɎ. 

ũɘŬ Űɞ ŬɜɩŰŮɟɞ ɧɟɘɞ (upper bound), ůɨɛűɤɜŬ ɛŮ Űɞ [8], ɡˊɞɚɞɔɑɕɞɡɛŮ Űɞɜ ɛɏůɞ ɔɘŬ 

Űɘɠ ŰɟŬˊŮɕɞŮɘŭɐɠ ˊŮɟɘɞɢɏɠ ɧɚɤɜ Űɤɜ ˊŬəɏŰɤɜ, ŮɑŰŮ ŮɑɜŬɘ informative ŮɑŰŮ ɧɢɘ. 

ɄɟɞəɨˊŰŮɘ: 

 

 ῳȟῼȾῼȾЊ  
ρ

‗
  
ρ

‘
 σȢρτ 

 

Ůɜɩ ɔɘŬ Űɞ əŬŰɩŰŮɟɞ ɧɟɘɞ (lower bound), ɗŮɤɟɞɨɛŮ ɢɟɧɜɞ ŮɝɡˊɖɟɏŰɖůɖɠ Ůɜɧɠ 

ˊŬəɏŰɞɡ ɛɘəɟɧŰŮɟɞ Ŭˊɧ Űɞ interarrival ɢɟɧɜɞ Űɞɡ ŮˊɧɛŮɜɞɡ ˊŬəɏŰɞɡ, ŭɖɚŬŭɐ  

Si < Y i+1. ȷɡŰɧ ůɖɛŬɑɜŮɘ ˊɤɠ Űɞ ɜɏɞ update ŭɖɛɘɞɡɟɔɐɗɖəŮ Ŭűɞɨ ŰŮɚŮɑɤůŮ ɖ 

ŮɝɡˊɖɟɏŰɖůɖ Űɞɡ ˊɟɞɖɔɞɨɛŮɜɞɡ. ȰŰůɘ ˊɟɞəɨˊŰŮɘ [8]: 

 

ῳȟȾ Ⱦ  =  +  -                                         (3.15) 

 

ɁŬ ůɖɛŮɘɤɗŮɑ ɧŰɘ ŰŬ ɧɟɘŬ ɔɑɜɞɜŰŬɘ ˊɘɞ ñůŰŮɜɎò, ŭɖɚŬŭɐ ɏɢɞɡɜ ɛɘəɟɧŰŮɟɖ Ŭˊɧəɚɘůɖ 

ɛŮŰŬɝɨ Űɞɡɠ, ɧŰŬɜ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ɟ ŮɑɜŬɘ ɛɘəɟɧŰŮɟɖ, Ůɜɩ əŬɗɩɠ ŮəŮɑɜɖ ŬɡɝɎɜŮŰŬɘ 

(ɟŷ) əŬɘ ɛɘəɟŬɑɜŮɘ ɞ ɟɡɗɛɧɠ ŮɝɡˊɖɟɏŰɖůɖɠ ɛ ŰŬ ɧɟɘŬ Ŭˊɞəɚɑɜɞɡɜ ˊŮɟɘůůɧŰŮɟɞ.  

 

 

ʅ˔ʺ˃ʰ оΦо  - ɶ ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍʹ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ʴʽʰ ʵʽʱ˒ˇˊʶˌ ˍʽ˃ʷˌ ˍˇˎ 

˃ ʴʽʰ ˍˇ ˃ˇ˄ˍʷ˂ˇ M/ M/Њ  [8] 

 

ɆŰɞ ɆɢɐɛŬ 3.3 ɓɚɏˊɞɡɛŮ ˊɤɠ əŬɗɩɠ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ŬɡɝɎɜŮŰŬɘ ɏɢɞɡɛŮ əŬɘ ɛŮɑɤůɖ 
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Űɖɠ ɖɚɘəɑŬɠ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ, Ŭűɞɨ ɚɧɔɤ Űɤɜ ɎˊŮɘɟɤɜ ŮɝɡˊɖɟŮŰɖŰɩɜ, ŰŬ ˊŬəɏŰŬ 

ŮɝɡˊɖɟŮŰɞɨɜŰŬɘ ɎɛŮůŬ. ȰŰůɘ, Űɞ Ŭɡɝɖɛɏɜɞ ˊɚɐɗɞɠ Űɞɡɠ ɞŭɖɔŮɑ ůŮ ůɡɜŮɢɐ status 

updates ůŰɞɜ ˊɟɞɞɟɘůɛɧ, ŭɖɚŬŭɐ ˊɘɞ ˊɟɧůűŬŰɖ ˊɚɖɟɞűɞɟɑŬ, ɎɟŬ əŬɘ ɛɘəɟɧŰŮɟɖ ɛɏůɖ 

AoI. 

 

 

3.2.3 M/M/2 

ȺɝŮŰɎɕɞɜŰŬɠ Űɞ ɛɞɜŰɏɚɞ M/M/2, ɡˊɞɗɏŰɞɡɛŮ Ůə ɜɏɞɡ ŮəɗŮŰɘəɞɨɠ interarrival ɢɟɧɜɞɡɠ 

Y i ɛŮ ɛɏůɞ 1/ɚ əŬɘ ŮəɗŮŰɘəɞɨɠ ɢɟɧɜɞɡɠ ŮɝɡˊɖɟɏŰɖůɖɠ Si ɛŮ ɛɏůɞ 1/ɛ, ŬɚɚɎ ŬɡŰɐ Űɖ 

űɞɟɎ ɏɢɞɡɛŮ 2 ŮɝɡˊɖɟŮŰɖŰɏɠ. ɄŬɟô ɧɚɞ ˊɞɡ ɏɢɞɡɛŮ Ůɑůɞŭɞ ůŰɖɜ ɞɡɟɎ ɛŮ Űɖ ůŮɘɟɎ, 

ŭŮɜ ŮɑɜŬɘ ɓɏɓŬɘɞ ůŮ ˊɞɘɞɜ ŮɝɡˊɖɟŮŰɖŰɐ ɗŬ ŮɘůɏɚɗŮɘ əɎɗŮ ˊŬəɏŰɞ ɎɟŬ əŬɘ ˊɞɘɞ ˊŬəɏŰɞ 

ɗŬ ŰŮɚŮɘɩůŮɘ ˊɟɩŰŬ Űɖɜ ŮɝɡˊɖɟɏŰɖůɖ Űɞɡ. ȰŰůɘ, ɔɑɜŮŰŬɘ əŬɘ ɞ ɡˊɞɚɞɔɘůɛɧɠ Űɖɠ AoI 

Űɞɡ ɛɞɜŰɏɚɞɡ M/M/2 ˊŮɟɑˊɚɞəɞɠ, əŬŰŬűŮɨɔɞɜŰŬɠ ɝŬɜɎ ůŰɖ ɚɨůɖ Űɤɜ upper əŬɘ lower 

ɞɟɑɤɜ ɔɘŬ Űɞ ˊɟɞůŭɘɞɟɘůɛɧ Űɖɠ. 

 

 

ʅ˔ʺ˃ʰ оΦп  - ɶ ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ ˔ˊˈ˄ˇ ʴʽʰ ˍˇ ˃ˇ˄ˍʷ˂ˇ M/ M/2  [8] 

 

ɀŮ ɧɛɞɘŬ ŭɘŬŭɘəŬůɑŬ Űɞɡ ɛɞɜŰɏɚɞɡ M/M/Њ, ŬɚɚɎ ŬɡŰɐ Űɖ űɞɟɎ ɔɘŬ Űɞ M/M/2 

ɡˊɞɚɞɔɑɕŮŰŬɘ Űɞ upper bound ɑůɞ ɛŮ: 
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Ůɜɩ ɔɘŬ Űɞ lower bound ˊɟɞəɨˊŰŮɘ ˊɘɞ ˊŮɟɑˊɚɞəɞɠ Űɨˊɞɠ ŮɝŬɟŰɩɛŮɜɞɠ Ŭˊɧ Űɞ ɢɟɧɜɞ 

aׂ  Ůɜɧɠ informative ˊŬəɏŰɞɡ, əŬɘ Űɞ  = ɚ (pa + pb). ɃɟɑɕɞɜŰŬɘ ɤɠ pa ɖ ˊɘɗŬɜɧŰɖŰŬ 

Ůɜɧɠ informative ˊŬəɏŰɞɡ ɜŬ ɏɢŮɘ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ Űɞɡ informative, Ůɜɩ ɤɠ pb ɖ 

ˊɘɗŬɜɧŰɖŰŬ Ůɜɧɠ informative ˊŬəɏŰɞɡ ɜŬ əŬɗɘůŰɎ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ Űɞɡ obselete. 

ɆɨɛűɤɜŬ ɛŮ Űɞ [8], ɘůɞɨŰŬɘ ɛŮ: 

   ῳȟȾ Ⱦ  ‗Ὁὡ Ὁ ὉὛ
Ὁ

ς
σȢρχ 

                                   

ɆŰɞ ˊŬɟŬəɎŰɤ ůɢɐɛŬ (ɆɢɐɛŬ 3.5) ɓɚɏˊɞɡɛŮ Űɖ ɛŮɑɤůɖ Űɖɠ ɖɚɘəɑŬɠ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ 

ɔɘŬ Űɞ ɛɞɜŰɏɚɞ M/M/2 ůŮ ůɨɔəɟɘůɖ ɛŮ Űɞ M/M/1. 

 

 

              ʅ˔ʺ˃ʰ оΦр  - ɶ ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍʹ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ʴʽʰ ˍa ˃ ˇ˄ˍʷ˂a 

M/ M/2, M/ Mκм ʴʽʰ ˃Ґм [8] 

 

ɄŬɟŬŰɖɟɞɨɛŮ ˊɤɠ ɞɘ Űɘɛɏɠ Űɖɠ average AoI ɔɘŬ Űɞ ɀ/ɀ/2 ŮɑɜŬɘ ůɢŮŭɧɜ ůŰɞ ɛɘůɧ ůŮ 

ůɢɏůɖ ɛŮ Űɞ M/M/1. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɚɧɔɤ Űɞɡ Ůɜɧɠ Ůˊɘˊɚɏɞɜ ŮɝɡˊɖɟŮŰɖŰɐ ůŰɞ 

ɀ/M/2 ˊɞɡ ŬˊɞůɡɛűɞɟɑɕŮɘ Űɖɜ əɑɜɖůɖ ůŰɖɜ ɞɡɟɎ Űɤɜ ˊŬəɏŰɤɜ, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɖɜ 

ˊɘɞ ɎɛŮůɖ ŮɝɡˊɖɟɏŰɖůɖ, ɎɟŬ əŬɘ Űɖɜ ŬˊɧəŰɖůɖ ˊɘɞ ñűɟɏůəɘŬɠò ˊɚɖɟɞűɞɟɑŬɠ Ŭˊɧ Űɞɜ 

ˊɟɞɞɟɘůɛɧ. ȸɏɓŬɘŬ, ŮɑɜŬɘ ŭɡɜŬŰɧɜ, ɜŬ ɛŮŰŬűŮɟɗɞɨɜ obsolete ˊŬəɏŰŬ, ˊɞɡ ŭŮ 

ɢɟɖůɘɛŮɨɞɡɜ ůŮ ŰɑˊɞŰŬ ɔɘŬ Űɖɜ AoI ŬɚɚɎ əŬŰŬɜŬɚɩɜɞɡɜ ˊɧɟɞɡɠ Űɞɡ ŭɘəŰɨɞɡ.  
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ȾŮűɎɚŬɘɞ 4: ɄɞɚɘŰɘəɏɠ əŬɘ ɇŮɢɜɘəɏɠ ɀŮɑɤůɖɠ AoI 

 

4.1 LCFS ɄɞɚɘŰɘəɐ 

ɆŰɞ əŮűɎɚŬɘɞ ŬɡŰɧ ɗŬ ŮɝŮŰɎůɞɡɛŮ Űɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ ɏɢɞɡɛŮ LCFS (Last Come 

First Served) ˊɞɚɘŰɘəɐ. ɄŬɟŬˊɎɜɤ ŮɑŭŬɛŮ ˊɤɠ ůŰɖ FCFS ˊɞɚɘŰɘəɐ, ůŰɏɚɜɞɜŰŬɠ ɧůɞ Űɞ 

ŭɡɜŬŰɧɜ ɔɟɖɔɞɟɧŰŮɟŬ ŰŬ ˊŬəɏŰŬ, ɛˊɞɟŮɑ ɖ ɢɟɖůɘɛɞˊɞɑɖůɖ ɜŬ ɛŮɔɘůŰɞˊɞɘŮɑŰŬɘ, 

ɤůŰɧůɞ ŮɑɜŬɘ ˊɘɗŬɜɧɜ ɜŬ ɞŭɖɔɖɗɞɨɛŮ ůŮ ɛŮɔɎɚŮɠ Űɘɛɏɠ AoI. ȷɡŰɧ ŮɝɖɔŮɑŰŬɘ Ŭˊɧ Űɞ 

ɔŮɔɞɜɧɠ ɧŰɘ, ŰŬ ˊŬəɏŰŬ ɛɏɜɞɡɜ ůŮ ŬɜŬɛɞɜɐ ɛɏɢɟɘ ɜŬ ŮɝɡˊɖɟŮŰɖɗɞɨɜ ɚɧɔɤ Űɖɠ 

ůɡɛűɧɟɖůɖɠ ˊɞɡ ˊŬɟɞɡůɘɎɕŮŰŬɘ. ɀɘŬ ŮɜŭŮɢɧɛŮɜɖ ɚɨůɖ ůŮ ŬɡŰɐ Űɖɜ əŬŰɎůŰŬůɖ ɗŬ 

ɐŰŬɜ ɖ ɛŮɑɤůɖ Űɞɡ ɟɡɗɛɞɨ ˊŬɟŬɔɤɔɐɠ Űɤɜ updates, əɎŰɘ ˊɞɡ ɧɛɤɠ ɑůɤɠ ɞŭɖɔɐůŮɘ ůŮ 

ɢɟɞɜɘəɎ ɝŮˊŮɟŬůɛɏɜŮɠ ŮɜɖɛŮɟɩůŮɘɠ. ȰŰůɘ, ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɖ ŬɜɎɔəɖ ɜŬ 

ŬəɞɚɞɡɗɐůɞɡɛŮ ɛɘŬ Ɏɚɚɖ ˊɞɚɘŰɘəɐ, əŬŰɎ Űɖɜ ɞˊɞɑŬ ɖ ŮɝɡˊɖɟɏŰɖůɖ Űɤɜ ɜŮɧŰŮɟɤɜ 

ˊŬəɏŰɤɜ ɗŬ ŮɑɜŬɘ ɎɛŮůɖ. ȼ ˊɞɚɘŰɘəɐ LCFS ŭɑɜŮɘ ŬɡŰɐ Űɖ ŭɡɜŬŰɧŰɖŰŬ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ 

ɖ əŬŰɎůŰŬůɖ ŮɑɜŬɘ ɀŬɟəɞɓɘŬɜɐ, əŬɘ ɤɠ Ůə ŰɞɨŰɞɡ ŭŮɜ ɡˊɎɟɢŮɘ ɧűŮɚɞɠ Ŭˊɧ Űɖ ɚɐɣɖ 

ˊŬɚŬɘɧŰŮɟɤɜ ˊŬəɏŰɤɜ [5]. 

 

ŪŬ ɛŮɚŮŰɖɗɞɨɜ ŭɨɞ ŭɘŬűɞɟŮŰɘəɏɠ ˊŮɟɘˊŰɩůŮɘɠ ɔɘŬ Űɖɜ LCFS, ɛŮ ŭɘəŬɑɤɛŬ 

ˊɟɞŰɑɛɖůɖɠ (with preemption) əŬɘ ɢɤɟɑɠ ŭɘəŬɑɤɛŬ ˊɟɞŰɑɛɖůɖɠ (without preemption).        

 

4.1.1  LCFS Without Preemption 

ȳŰŬɜ ŭŮɜ ɡˊɎɟɢŮɘ ŭɘəŬɑɤɛŬ ˊɟɞŰɑɛɖůɖɠ, Űɞ ɜɏɞ ˊŬəɏŰɞ ɛˊɞɟŮɑ ɜŬ ŬɜŰɘəŬŰŬůŰɐůŮɘ 

əɎɗŮ ˊŬɚŬɘɧŰŮɟɞ ˊŬəɏŰɞ ˊɞɡ ˊŮɟɘɛɏɜŮɘ ůŰɖɜ ɞɡɟɎ, ŬɚɚɎ ˊɟɏˊŮɘ ɜŬ ˊŮɟɘɛɏɜŮɘ ɜŬ 

ŰŮɚŮɘɩůŮɘ ɖ ˊɘɗŬɜɐ ŰɟɏɢɞɡůŬ ŮɝɡˊɖɟɏŰɖůɖ Ůɜɧɠ ˊŬəɏŰɞɡ.         

 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛɏůɖ AoI əŬɗɩɠ ɛɘŬ ˊɖɔɐ ůŰɏɚɜŮɘ ŮɜɖɛŮɟɩůŮɘɠ ůŮ ɏɜŬɜ 

monitor ɔɘŬ LCFS without preemption. ɇɞ ůɢɐɛŬ 4.1 ˊɞɡ ŬəɞɚɞɡɗŮɑ ŭŮɑɢɜŮɘ Űɖɜ Űɘɛɐ 

Űɖɠ ɛɏůɖɠ ɖɚɘəɑŬɠ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ůŮ ůɢɏůɖ ɛŮ Űɞ ɢɟɧɜɞ.       
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ʅ˔ʺ˃ʰ 4.1 ς ʃʰˊʱʵʶʽʴ˃ʰ ̄ ˇˊʶʾʰˌ average AoI ̀  ʁmonitor ˃ ʁLCFS without preemption [5] 

 

 

ȸɚɏˊɞɡɛŮ ˊɤɠ ɛŮ ti ɧˊɞɡ i=1,2,3,..,n ůɡɛɓɞɚɑɕɞɜŰŬɘ ɞɘ ɢɟɧɜɞɘ ˊɞɡ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŰŬ 

ŬɜŰɑůŰɞɘɢŬ ˊŬəɏŰŬ i Ůɜɩ ɧɛɞɘŬ ɛŮ tȭi  ɞɘ ŬɜŰɑůŰɞɘɢɞɘ ɢɟɧɜɞɘ ŮɝɡˊɖɟɏŰɖůɖɠ Űɞɡɠ. 

ȷɜɎɛŮůŬ ůŰɞɡɠ ɢɟɧɜɞɡɠ tȭi əŬɘ tȭi+1 ɛˊɞɟŮɑ ɜŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ˊŬəɏŰŬ Ŭˊɧ ɎɚɚŮɠ 

ˊɖɔɏɠ ˊɞɡ ɑůɤɠ ŮɝɡˊɖɟŮŰɖɗɞɨɜ ŬɚɚɎ əŬɘ ˊŬəɏŰŬ Ŭˊɧ Űɖɜ ˊɖɔɐ ˊɞɡ ŮɝŮŰɎɕɞɡɛŮ, ŰŬ 

ɞˊɞɑŬ ɧɛɤɠ ŭŮɜ ˊɟɧɚŬɓŬɜ ɜŬ ŮɝɡˊɖɟŮŰɖɗɞɨɜ, Ŭűɞɨ ŬɜŰɘəŬŰŬůŰɎɗɖəŬɜ Ŭˊɧ ɜŮɧŰŮɟŬ.  

 

ȳˊɤɠ ŮɑɜŬɘ ɚɞɔɘəɧ, ɖ ɛɏůɖ ɖɚɘəɑŬ ŬɡɝɎɜŮŰŬɘ ɔɟŬɛɛɘəɎ ɛŮ Űɞ ɢɟɧɜɞ ɔɘŬ ɧůɞ ŭŮɜ 

ɏɢɞɡɛŮ ŮɝɡˊɖɟɏŰɖůɖ ˊŬəɏŰɞɡ ˊɞɡ ŮˊɖɟŮɎɕŮɘ Űɖɜ ɖɚɘəɑŬ. ɄɟɞűŬɜɩɠ, ŰŬ ˊŬəɏŰŬ ŬɡŰɎ 

ˊɞɡ ŮˊɖɟŮɎɕɞɡɜ Űɖɜ ɖɚɘəɑŬ ŮɑɜŬɘ ŮəŮɑɜŬ Ŭˊɧ Űɖɜ ˊɖɔɐ ˊɞɡ ɛŬɠ ŮɜŭɘŬűɏɟŮɘ əŬɘ 

ɞɚɞəɚɖɟɩɜɞɡɜ Űɖɜ ŮɝɡˊɖɟɏŰɖůɖ Űɞɡɠ. ɀɎɚɘůŰŬ ŮəŮɑɜɖ Űɖ ůŰɘɔɛɐ tȭi, ɖ Űɘɛɐ ȹ(tôi) 

ˊɏűŰŮɘ əŬɘ ɔɑɜŮŰŬɘ ɑůɖ ɛŮ ɬi = t i˃ - t i , ˊɞɡ ŮɑɜŬɘ əŬɘ ɞ ɢɟɧɜɞɠ ˊɞɡ Űɞ ˊŬəɏŰɞ i 

ɓɟɑůəŮŰŬɘ ůŰɞ ůɨůŰɖɛŬ. 

 

ŪŮɤɟɞɨɛŮ Y i = ti - ti-1 Űɞ ɢɟɧɜɞ ɛŮŰŬɝɨ Űɖɠ ŭɖɛɘɞɡɟɔɑŬɠ ŭɨɞ ŰɏŰɞɘɤɜ ˊŬəɏŰɤɜ, ɞˊɧŰŮ 

Ŭˊɧ Űɞ ɆɢɐɛŬ 4.1 ˊɟɞəɨˊŰŮɘ: 

    

ὗὭ  
ὣὭὝὭ

ς

ὝὭ

ς
 τȢρ 

 

ɄŬɑɟɜɞɡɛŮ ɤɠ ŭɘɎůŰɖɛŬ ˊŬɟŬŰɐɟɖůɖɠ Űɞ (0,Ű) əŬɘ ɖ time average  age ŮɑɜŬɘ: 

Ў†  
ρ

†
 ῳὸὨὸ τȢς 
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ȼ ɛɏůɖ ɖɚɘəɑŬ ˊɞɡ ˊɟɞəɨˊŰŮɘ, ɧˊɤɠ ŬɜŬűɏɟŮŰŬɘ ůŰɞ [5], ŮɑɜŬɘ: 

 

ῳ  ὰὭά
ᴼ
ῳ† 

ρ

Ὁὣ
 
Ὁὣ

ς
  ὉὣὝ τȢσ 

 

ɧˊɞɡ E[Ŀ] ɞ ŰŮɚŮůŰɐɠ ŬɜŬɛŮɜɧɛŮɜɖɠ Űɘɛɐɠ.   

 

4.1.2  LCFS With Preemption 

ɆŰɖɜ ˊŮɟɑˊŰɤůɖ Űɖɠ ˊɞɚɘŰɘəɐɠ LCFS with preemption, Űɞ ɜɏɞ ˊŬəɏŰɞ ɛŮŰɎ Űɖ 

ŭɖɛɘɞɡɟɔɑŬ Űɞɡ ŮɝɡˊɖɟŮŰŮɑŰŬɘ ɎɛŮůŬ Ŭűɞɨ ŬɜŰɘəŬɗɘůŰɎ əɎɗŮ ˊŬəɏŰɞ ˊɞɡ ɡˊɎɟɢŮɘ ŮɑŰŮ 

ůŰɖɜ ɞɡɟɎ ŮɑŰŮ ŮɝɡˊɖɟŮŰŮɑŰŬɘ ŮəŮɑɜɖ Űɖ ůŰɘɔɛɐ. ɇŬ ˊŬəɏŰŬ ˊɞɡ ɏɟɢɞɜŰŬɘ ɐ 

ŬɜŰɘəŬɗɑůŰŬɜŰŬɘ ŭŮɜ ŮɑɜŬɘ ŬɜɎɔəɖ ɜŬ ŮɑɜŬɘ Ŭˊɧ Űɖɜ ɑŭɘŬ ˊɖɔɐ. 

 

ȳɛɞɘŬ ɛŮ ˊɟɘɜ, ˊŬɟŬəɎŰɤ (ɆɢɐɛŬ 4.2) ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ ɛɏůɖ AoI, ɧˊɤɠ ŮəŮɑɜɖ 

ˊɟɞəɨˊŰŮɘ ɔɘŬ ɛɑŬ ˊɖɔɐ ŮɜŭɘŬűɏɟɞɜŰɞɠ ɖ ɞˊɞɑŬ ůŰɏɚɜŮɘ updates ůŮ ɏɜŬɜ monitor ŬɚɚɎ 

ŬɡŰɐ Űɖ űɞɟɎ ɛŮ ˊɞɚɘŰɘəɐ LCFS with preemption. 

 

 

ʅ˔ʺ˃ʰ 4.2 ς ʃʰˊʱʵʶʽʴ˃ʰ ̄ ˇˊʶʾʰˌ average AoI ˃ ʶ LCFS with preemption [5] 

 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ ɛɏůɖɠ ɖɚɘəɑŬɠ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ, əɟŬŰɎɛŮ Űɞɡɠ ɑŭɘɞɡɠ 

ɡˊɎɟɢɞɜŰŮɠ ůɡɛɓɞɚɘůɛɞɨɠ ɧˊɤɠ ůŰɞ ɆɢɐɛŬ 4.1, ŬɚɚɎ ɓɚɏˊɞɡɛŮ əɘ ɎɚɚŮɠ ɜɏŮɠ 
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ɛŮŰŬɓɚɖŰɏɠ. ɆɡɛɓɞɚɑɕɞɡɛŮ ɛŮ Di Űɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɛŮŰŬɝɨ Űɤɜ ŬűɑɝŮɤɜ Űɤɜ 

ˊŬəɏŰɤɜ i-1,i. ȹɖɚŬŭɐ, Di = tȭi - tȭi-1. 

 

ȾɎɗŮ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ Di ˊŮɟɘɏɢŮɘ ɞɟɘůɛɏɜŬ blocks Űɞɡ ŮɝɡˊɖɟŮŰɖŰɐ ˊɞɡ ɜŬ ŮɑɜŬɘ 

ɎˊɟŬɔɞɠ əŬɘ ŬəɞɚɞɡɗŮɑŰŬɘ Ŭˊɧ ŭɘɎůŰɖɛŬ Űɞɡ ŮɝɡˊɖɟŮŰɖŰɐ ˊɞɡ ɜŬ ŮɑɜŬɘ 

ŬˊŬůɢɞɚɖɛɏɜɞɠ. ȷɜ Űɞ ůɨůŰɖɛŬ ˊŮɟɘɏɢŮɘ ɛɑŬ ˊɖɔɐ, ŰɧŰŮ Űɞ Di ˊŮɟɘɏɢŮɘ ɏɜŬ block. Ⱥŭɩ 

ɓɚɏˊɞɡɛŮ ˊɤɠ Űɞ D3 ˊŮɟɘɏɢŮɘ L blocks ɛŮ Űɞ ŭɘɎůŰɖɛŬ ŬˊɟŬɔɑŬɠ Űɞɡ ŮɝɡˊɖɟŮŰɖŰɐ ůŰɞ 

k-ɞůŰɧ block ɜŬ ɞɟɑɕŮŰŬɘ ɤɠ Xȭk əŬɘ Űɞ ŬɜŰɑůŰɞɘɢɞ ŭɘɎůŰɖɛŬ ŬˊŬůɢɧɚɖůɖɠ Űɞɡ ɛŮ Sk. 

ȰŰůɘ Űɞ ůɡɜɞɚɘəɧ ɛɐəɞɠ əɎɗŮ block ŮɑɜŬɘ ɑůɞ ɛŮ:  

ɛk = X k˃ + Sk  

Űɞ ůɨɜɞɚɞ Űɤɜ ɞˊɞɑɤɜ ůɡɜɗɏŰŮɘ Űɞ ŭɘɎůŰɖɛŬȡ Ὀ  В Ὀ В ὢᴂ Ὓ Ȣ 

 

ȼ ɛɏůɖ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ [5] ˊɞɡ ˊɟɞəɨˊŰŮɘ ŮɑɜŬɘ: 

ῳ  
ρ

Ὁὣ
 
Ὁὣ

ς
  Ὁὣῶ τȢτ 

 

                                                                        ɐ 

 

      ῳ  ῴὤ  
ὉὈ

ςὉὈ
 
ὠὥὶὤ ὅέὺὈὤ

ὉὈ
 τȢυ 

 

4.1.3 Ɇɨɔəɟɘůɖ FCFS, LCFS 

ɄŬɟŬŰɖɟɩɜŰŬɠ Űɞ ɆɢɐɛŬ 4.3, ŮɑɜŬɘ űŬɜŮɟɧ ˊɤɠ ɖ LCFS with preemption ŮˊɘŰɡɔɢɎɜŮɘ 

ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ ɔɘŬ Űɖɜ ɛɏůɖ AoI, ůŮ ůɢɏůɖ ɛŮ Űɘɠ ɎɚɚŮɠ ˊɞɚɘŰɘəɏɠ ɧůɞ ɖ 

ɢɟɖůɘɛɞˊɞɑɖůɖ Űɞɡ ŮɝɡˊɖɟŮŰɖŰɐ ŬɡɝɎɜŮŰŬɘ. ȷɡŰɧ ŮɑɜŬɘ ɚɞɔɘəɧ, Ŭűɞɨ ɔɑɜŮŰŬɘ 

ŬɜŰɘəŬŰɎůŰŬůɖ Űɤɜ ˊŬɚŬɘɧŰŮɟɤɜ ˊŬəɏŰɤɜ Ŭˊɧ ɜŮɧŰŮɟŬ Űɧůɞ ůŰɖɜ ɞɡɟɎ ɧůɞ əŬɘ əŬŰɎ 

Űɖɜ ŮɝɡˊɖɟɏŰɖůɖ, əɎŰɘ ˊɞɚɨ ɤűɏɚɘɛɞ ɧŰŬɜ ɡˊɎɟɢɞɡɜ ˊɞɚɚɎ ˊŬəɏŰŬ ůŰɞ ůɨůŰɖɛŬ.  
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ʅ˔ʺ˃ʰ пΦо ς  ɶ  ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ όˋʶ ʷ˄ʰ˄ monitorύ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˍˇˎ 

ʶ˅ˎˉʹˊʶˍʹˍʺ ʴʽʰ ʷ˄ʰ ˃ˇ˄ˍʷ˂ˇ M/ M/1 FCFS,LCFS ˃ ʶ ˁʰʽ ˔˖ˊʾˌ ʵʽˁʰʾ˖˃ʰ ˉˊˇˍʾ˃ʹˋʹˌ ʴʽʰ ˃ҐмΦ ώрϐ 

 

 

ȷɜŰɑɗŮŰŬ, ůŰɖ FCFS əɎɗŮ ˊŬəɏŰɞ ˊŮɟɘɛɏɜŮɘ Űɖɜ ŮɝɡˊɖɟɏŰɖůɖ Űɞɡ ůŮɓɧɛŮɜɞ Űɖ ůŮɘɟɎ 

ˊɞɡ əŬŰŬűɗɎɜŮɘ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɧŰŬɜ ŮɑɜŬɘ ˊɞɚɚɎ ˊŬəɏŰŬ ůŰɖɜ ɞɡɟɎ (ɟᴼρ), ɜŬ 

əŬɗɡůŰŮɟŮɑ ɜŬ ɔɑɜŮɘ. ȰŰůɘ, ɖ ˊɚɖɟɞűɞɟɑŬ ˊɞɡ ɗŬ ˊɟɞůűɏɟŮɘ Űɞ ˊŬəɏŰɞ ůŰɞɜ 

ˊɟɞɞɟɘůɛɧ ɧŰŬɜ ŮɝɡˊɖɟŮŰɖɗŮɑ ɗŬ ŮɑɜŬɘ ɝŮˊŮɟŬůɛɏɜɖ ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ɏɢɞɡɛŮ ɡɣɖɚɐ 

ɛɏůɖ AoI. ɋůŰɧůɞ, ɏɤɠ ɛɑŬ Űɘɛɐ ɧˊɞɡ ɞ ɟɡɗɛɧɠ ŮɝɡˊɖɟɏŰɖůɖɠ (ɛ) ŮɑɜŬɘ ŭɘˊɚɎůɘɞɠ 

Ŭˊɧ Űɞ ɟɡɗɛɧ ŬűɑɝŮɤɜ (ɚ), ɓɚɏˊɞɡɛŮ ɛŮɑɤůɖ Űɖɠ ɖɚɘəɑŬɠ, Ŭűɞɨ ŰŬ ˊŬəɏŰŬ 

ŮɝɡˊɖɟŮŰɞɨɜŰŬɘ ɔɟɖɔɞɟɧŰŮɟŬ, əɎŰɘ ˊɞɡ ŭŮ ůɡɛɓŬɑɜŮɘ əŬɗɩɠ Űɞ ɚ ŰŮɑɜŮɘ ůŰɞ ɛ. 

 

ȸɚɏˊɞɡɛŮ, Ůˊɑůɖɠ, ˊɤɠ ˊŬɟô ɧŰɘ ŭŮɜ ɡˊɎɟɢɞɡɜ ɛŮɔɎɚŮɠ ŭɘŬűɞɟɏɠ ŬɜɎɛŮůŬ ůŰɘɠ ŭɨɞ 

ŭɘŬűɞɟŮŰɘəɏɠ ˊɞɚɘŰɘəɏɠ LCFS ɔɘŬ ɛɘəɟɏɠ Űɘɛɏɠ Űɖɠ ɢɟɖůɘɛɞˊɞɑɖůɖɠ, ɖ Ŭˊɧəɚɘůɖ Űɞɡɠ, 

ɧůɞɜ ŬűɞɟɎ Űɖɜ ɖɚɘəɑŬ, ɛŮɔŬɚɩɜŮɘ ɛŮ Űɖɜ Ŭɨɝɖůɖ Űɖɠ. ɀɎɚɘůŰŬ, ůɨɛűɤɜŬ ɛŮ Űɞ [5], 

ˈˍʰ˄ ‗O Њ (ɎɟŬ əŬɘ ɟᴼЊ), ɖ LCFS with preemption ŮˊɘŰɡɔɢɎɜŮɘ Űɖ ɛɘůɐ ɖɚɘəɑŬ 

Ŭˊɧ ŮəŮɑɜɖ without preemption. ɄɟɞűŬɜɩɠ, ɔɘŬ Űɞ ɔŮɔɞɜɧɠ ŬɡŰɧ ŮɡɗɨɜŮŰŬɘ ɖ Ůˊɘˊɚɏɞɜ 

ñŭɡɜŬŰɧŰɖŰŬò ˊɞɡ ŭɑɜŮŰŬɘ ůŰɖ LCFS with preemption ɜŬ ŬɜŰɘəŬɗɑůŰŬɜŰŬɘ ŰŬ ˊŬəɏŰŬ 

ˊɞɡ ɓɟɑůəɞɜŰŬɘ ɡˊɧ ŮɝɡˊɖɟɏŰɖůɖ əŬɘ ɧɢɘ ɛɧɜɞ ŮəŮɑɜŬ ůŰɖɜ ɞɡɟɎ ɧˊɤɠ ůŰɖ LCFS 

without preemption.  
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4.2 ȹɘŬɢŮɑɟɘůɖ ɄŬəɏŰɤɜ 

ȳˊɤɠ ŮɑŭŬɛŮ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɓŬůɘəɐ ˊɟɞɦˊɧɗŮůɖ ɔɘŬ ɜŬ ɡˊɎɟɢŮɘ ɢŬɛɖɚɐ ɖɚɘəɑŬ 

Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ŮɑɜŬɘ ɜŬ ŬˊɞűɨɔɞɡɛŮ Űɖ ůɡɛűɧɟɖůɖ Űɤɜ ˊŬəɏŰɤɜ əŬɘ ɜŬ əɟŬŰɖɗɞɨɜ 

ŮəŮɑɜŬ ˊɞɡ ŮɑɜŬɘ ˊɚɖɟɞűɞɟɘŬəɎ (informative packets). ũɘŬ ɜŬ ŮɚŮɔɢɗŮɑ, ɚɞɘˊɧɜ, ɖ 

əɑɜɖůɖ Űɤɜ ˊŬəɏŰɤɜ ɛɏůŬ ůŰɞ ŭɑəŰɡɞ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɖ ŭɘŬɢŮɑɟɘůɖ Űɤɜ 

ˊŬəɏŰɤɜ (packet management) ɤɠ ɛɘŬ ŰŮɢɜɘəɐ Ŭˊɧɟɟɘɣɖɠ ɐ ŬɜŰɘəŬŰɎůŰŬůɖɠ ŮəŮɑɜɤɜ, 

ɩůŰŮ ɜŬ ɡˊɎɟɢŮɘ ŬˊɞŰŮɚŮůɛŬŰɘəɧŰŮɟɖ ɢɟɖůɘɛɞˊɞɑɖůɖ Űɤɜ ˊɧɟɤɜ.  

 

4.2.1  ȷɜɎɚɡůɖ ȹɘŬɢŮɑɟɘůɖɠ ɄŬəɏŰɤɜ 

ũɘŬ Ŭɟɢɐ, ɗŬ ɔɑɜŮɘ ɖ ŬɜɎɚɡůɖ 3 ŭɘŬűɞɟŮŰɘəɩɜ ˊɞɚɘŰɘəɩɜ ůɡɔəɟɑɜɞɜŰŬɠ ŰŬ 

ŬˊɞŰŮɚɏůɛŬŰŬ Űɞɡɠ [2]. ŪŮɤɟɞɨɛŮ Ŭɟɢɐ FCFS, ŬűɑɝŮɘɠ Poisson əŬɘ ŮəɗŮŰɘəɎ 

əŬŰŬɜŮɛɖɛɏɜɞɡɠ ɢɟɧɜɞɡɠ ŮɝɡˊɖɟɏŰɖůɖɠ ɔɘŬ ɧɚŮɠ Űɘɠ ˊŬɟŬəɎŰɤ ˊɞɚɘŰɘəɏɠ: 

 

1) ũɘŬ Űɖɜ 1ɖ ˊɞɚɘŰɘəɐ, Ŭɜ ɏɜŬ ˊŬəɏŰɞ űŰɎůŮɘ Ůɜɩ ŮɝɡˊɖɟŮŰŮɑŰŬɘ əɎˊɞɘɞ Ɏɚɚɞ, ŰɧŰŮ Űɞ 

ɜɏɞ ˊŬəɏŰɞ ŬˊɞɟɟɑˊŰŮŰŬɘ. ɇŬ ˊŬəɏŰŬ, ɧɛɤɠ, ˊɞɡ ɓɟɑůəɞɡɜ Űɞɜ ŮɝɡˊɖɟŮŰɖŰɐ ɎŭŮɘɞ, 

ŮɝɡˊɖɟŮŰɞɨɜŰŬɘ əŬŰŮɡɗŮɑŬɜ. ɇɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ M/M/1/1 Ŭűɞɨ ɏɢɞɡɛŮ 

1 ŮɝɡˊɖɟŮŰɖŰɐ əŬɘ 1 ˊŮɚɎŰɖ ɢɤɟɖŰɘəɧŰɖŰŬ. 

 

 

ʅ˔ʺ˃ʰ пΦп - ɶ ˃ʷˋʹ ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ ˔ˊˈ˄ˇ ɹ ʽʰ ˍ ̌˃ ˇ˄ˍʷ˂ ̌M/ M/1/1 [2] 

 

2) ũɘŬ Űɖɜ 2ɖ ˊɞɚɘŰɘəɐ, Ŭɜ ɏɜŬ ˊŬəɏŰɞ űŰɎůŮɘ Ůɜɩ ŮɝɡˊɖɟŮŰŮɑŰŬɘ əɎˊɞɘɞ Ɏɚɚɞ, ŬɚɚɎ ɖ 

ɞɡɟɎ ŮɑɜŬɘ ɎŭŮɘŬ ŰɧŰŮ ɛˊɞɟŮɑ ɜŬ əɟŬŰɖɗŮɑ ůŮ ŬɡŰɐɜ ˊŮɟɘɛɏɜɞɜŰŬɠ Űɖɜ ŮɝɡˊɖɟɏŰɖůɖ 

Űɞɡ. ɋůŰɧůɞ, Ŭɜ əŬɘ ůŰɖ ɛɞɜŬŭɘəɐ ɗɏůɖ Űɖɠ ɞɡɟɎɠ ɓɟɑůəŮŰŬɘ Ɏɚɚɞ ˊŬəɏŰɞ, ŰɧŰŮ Űɞ 

ɜɏɞ ŬˊɞɟɟɑˊŰŮŰŬɘ. ȷɜŰɑɗŮŰŬ, ŰŬ ˊŬəɏŰŬ ˊɞɡ ɓɟɑůəɞɡɜ Űɞɜ ŮɝɡˊɖɟŮŰɖŰɐ ɎŭŮɘɞ, 

ŮɝɡˊɖɟŮŰɞɨɜŰŬɘ ɎɛŮůŬ. ɇɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ M/M/1/2 Ŭűɞɨ ɏɢɞɡɛŮ 1 
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ŮɝɡˊɖɟŮŰɖŰɐ əŬɘ 2 ˊŮɚɎŰŮɠ ɢɤɟɖŰɘəɧŰɖŰŬ. 

 

 

ʅ˔ʺ˃ʰ пΦр - ɶ ˃ʷˋʹ ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ ˔ˊˈ˄ˇ ɹ ʽʰ ˍ ̌˃ ˇ˄ˍʷ˂ ̌M/ M/1/2 [2] 

 

3) ũɘŬ Űɖɜ 3ɖ ˊɞɚɘŰɘəɐ, ůŮ ˊŮɟɑˊŰɤůɖ ˊɞɡ űŰɎůŮɘ ɜŮɧŰŮɟɞ ˊŬəɏŰɞ Ŭˊɧ ŬɡŰɧ ˊɞɡ 

ˊŮɟɘɛɏɜŮɘ ůŰɖɜ ɞɡɟɎ ɜŬ ŮɝɡˊɖɟŮŰɖɗŮɑ, ŰɧŰŮ Űɞ ŬɜŰɘəŬɗɘůŰɎ. ȸɏɓŬɘŬ, ŭŮɜ ŬɜŰɘəŬɗɘůŰɎ 

əŬɘ ŮəŮɑɜɞ ˊɞɡ ŮɝɡˊɖɟŮŰŮɑŰŬɘ ŮəŮɑɜɖ Űɖɜ ɩɟŬ, Ůɜɩ ŰŬ ˊŬəɏŰŬ ˊɞɡ ɓɟɑůəɞɡɜ Űɞɜ 

ŮɝɡˊɖɟŮŰɖŰɐ ɎŭŮɘɞ, ŮɝɡˊɖɟŮŰɞɨɜŰŬɘ ɎɛŮůŬ. ɇɞ ɛɞɜŰɏɚɞ ŬɡŰɧ ůɡɛɓɞɚɑɕŮŰŬɘ ɤɠ 

M/M/1/2*. 

 

 

ʅ˔ʺ˃ʰ пΦс - ɶ ˃ʷˋʹ ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ ˔ˊˈ˄ˇ ɹ ʽʰ ˍ ̌˃ ˇ˄ˍʷ˂ ̌M/ M/1/2* 

[2] 

 

ȼ ɛɏůɖ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ɔɘŬ əŬɗɏɜŬ Ŭˊɧ ŰŬ ɛɞɜŰɏɚŬ, ɧˊɤɠ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ 

[2], ŮɑɜŬɘ: 
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ʅ˔ʺ˃ʰ пΦ7 - ɶ ˃ʷˋʹ ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ ˊˎʻ˃ˈ ʰ˒ʾ˅ʶ˖˄ ˂ ʴʽʰ ˍʰ ˃ˇ˄ˍʷ˂ʰ 

M/ M/1/1,  M/ M/1/2, M/ Mκмκнϝ ʴʽʰ ˋˍʰʻʶˊˈ ˃Ґм [2] 

 

ɄŬɟŬŰɖɟɩɜŰŬɠ, ůŰɞ ɆɢɐɛŬ 4.7, Űɖɜ average AoI ɤɠ ˊɟɞɠ Űɞ ɟɡɗɛɧ ŬűɑɝŮɤɜ ɔɘŬ ɛ=1, 

ɓɚɏˊɞɡɛŮ ˊɤɠ əŬɗɩɠ ŬɡɝɎɜŮŰŬɘ Űɞ ɚ, ůɖɛŮɘɩɜŮŰŬɘ ɛɘəɟɧŰŮɟɖ average age ɔɘŬ ŰŬ 

ɛɞɜŰɏɚŬ M/M/1/1 əŬɘ M/M/1/2* ůŮ ůɢɏůɖ ɛŮ Űɞ M/M/1/2. ȺɚɎɢɘůŰŮɠ Űɘɛɏɠ, ɔɘŬ 

ˊŮˊŮɟŬůɛɏɜŬ ɚ, ɏɢɞɡɛŮ ɛŮ Űɖɜ 3ɖ ˊɞɚɘŰɘəɐ (M/M/1/2*) ɧˊɞɡ ɔɑɜŮŰŬɘ ŬɜŰɘəŬŰɎůŰŬůɖ 

Űɤɜ ˊŬɚŬɘɧŰŮɟɤɜ ˊŬəɏŰɤɜ ůŰɖɜ ɞɡɟɎ. 

 

ȷɝɑɕŮɘ ɜŬ ŬɜŬűŮɟɗɞɨɛŮ əŬɘ ůŰɞ Űɘ ůɡɛɓŬɑɜŮɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ ɧˊɞɡ Űɞ ɚ ŬˊŮɘɟɑɕŮŰŬɘ, 

Ŭűɞɨ ŰŬɡŰɑɕɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɖɠ average AoI ɔɘŬ ŰŬ M/M/1/1 əŬɘ M/M/1/2*.  

Ʉɘɞ ůɡɔəŮəɟɘɛɏɜŬ: 

ÌÉÍ
ᴼ
ῳ Ⱦ ȾȾ  ÌÉÍ

ᴼ
ῳ Ⱦ ȾȾ  z                                    (4.9)  

Ůɜɩ  

ÌÉÍ
ᴼ
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ȺɑɜŬɘ ŮɛűŬɜɏɠ ˊɤɠ ɖ average age ɔɘŬ Űɞ -Ⱦ-ȾρȾςȟ ɧŰŬɜ ‗O Њ, ŮɑɜŬɘ ɛŮɔŬɚɨŰŮɟɖ ůŮ 

ůɢɏůɖ ɛŮ ŰŬ ɡˊɧɚɞɘˊŬ ŭɨɞ ɛɞɜŰɏɚŬ. ũɘŬ ˊɞɚɨ ɛŮɔɎɚŮɠ Űɘɛɏɠ Űɞɡ ɚ, ɏɢɞɡɛŮ ůɡɜŮɢŮɑɠ 

ŬűɑɝŮɘɠ ɜɏɤɜ ˊŬəɏŰɤɜ ɛŮ ŬˊɞŰɏɚŮůɛŬ əɎɗŮ ůŰɘɔɛɐ ɜŬ ɏɢɞɡɛŮ ŭɘŬɗɏůɘɛŬ çűɟɏůəŬè 

ˊŬəɏŰŬ. ȷɡŰɧ ůɖɛŬɑɜŮɘ ˊɤɠ ŭŮ ůɡɛűɏɟŮɘ ɜŬ ɏɢɞɡɛŮ ˊŬəɏŰɞ, ˊɞɡ ŭŮɜ ŬɜŰɘəŬɗɑůŰŬŰŬɘ, 

ɜŬ ˊŮɟɘɛɏɜŮɘ ůŰɖɜ ɞɡɟɎ, ŮˊŮɘŭɐ ŭŮɜ ɗŬ ŮɑɜŬɘ Űɧůɞ ˊɟɧůűŬŰɖ ɖ ˊɚɖɟɞűɞɟɑŬ Űɞɡ ɧŰŬɜ 

ŮɝɡˊɖɟŮŰɖɗŮɑ. ȾɎŰɘ ŰɏŰɞɘɞ ůɡɛɓŬɑɜŮɘ ůŰɖɜ ˊŮɟɑˊŰɤůɖ Űɞɡ ɀ/ɀ/1/2, ůŮ ŬɜŰɑɗŮůɖ ɛŮ 

ŰŬ M/M/1/1 əŬɘ M/M/1/2*, ɧˊɞɡ ůɡɛˊŮɟɘűɏɟɞɜŰŬɘ ɛŮ Űɞɜ ɑŭɘɞ Űɟɧˊɞ ůŰɞ ‗O Њ, 

əŬɗɩɠ ŮɝɡˊɖɟŮŰɞɨɜŰŬɘ ŰŬ ˊɘɞ ˊɟɧůűŬŰŬ ˊŬəɏŰŬ. 

 

4.2.2  Ɇɨɔəɟɘůɖ ɀ/ɀ/1/2* əŬɘ ɀ/ɀ/1 

ȼ ɢɟɖůɘɛɧŰɖŰŬ Űɞɡ packet management, ɛˊɞɟŮɑ ɜŬ űŬɜŮɑ əŬɘ Ŭˊɧ Űɞ ɆɢɐɛŬ 4.8,  ɛŮ 

Űɖ ůɨɔəɟɘůɖ Űɞɡ M/M/1 (ɧˊɞɡ ŭŮɜ ɏɢɞɡɛŮ packet management) ɛŮ Űɞ M/M/1/2*.  

 

 

ʅ˔ʺ˃ʰ пΦ8 - ɶ ˃ʷˋʹ ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ ˊˎʻ˃ˈ ʰ˒ʾ˅ʶ˖˄ ˂ ʴʽʰ ˍʰ ˃ˇ˄ˍʷ˂ʰ 

M/ M/1, M/ Mκмκнϝ ʴʽʰ ˋˍʰʻʶˊˈ ˃Ґм [2] 

 

ɄŬɟŬŰɖɟɞɨɛŮ ˊɤɠ ɔɘŬ ɢŬɛɖɚɏɠ Űɘɛɏɠ Űɞɡ ɚ ɧˊɞɡ (ɚ<<ɛ=1), ŰŬ ŭɨɞ ɛɞɜŰɏɚŬ ɏɢɞɡɜ 

ˊŬɟɧɛɞɘŬ ůɡɛˊŮɟɘűɞɟɎ, əŬɗɩɠ ɞɘ ŬűɑɝŮɘɠ ŭŮɜ ŮɑɜŬɘ Űɧůɞ ůɡɜŮɢŮɑɠ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ 

ɡˊɎɟɢŮɘ Ŭɡɝɖɛɏɜɖ ɛɏůɖ ɖɚɘəɑŬ. ȳůɞ ŬɡɝɎɜŮŰŬɘ Űɞ ɚ ˊɟɞůŮɔɔɑɕɞɜŰŬɠ Űɖɜ Űɘɛɐ Űɞɡ 

ɟɡɗɛɞɨ ŮɝɡˊɖɟɏŰɖůɖɠ ɛ=1, ɓɚɏˊɞɡɛŮ ɛɘŬ ůɡɜŮɢɐɠ ɛŮɑɤůɖ Űɖɠ average age ɔɘŬ Űɞ 

ɛɞɜŰɏɚɞ M/M/1/2*, ɧˊɤɠ əŬɘ ˊɟɞɖɔɞɡɛɏɜɤɠ.  

 

ɋůŰɧůɞ, ɔɘŬ Űɞ M/M/1 ŭŮɜ ɘůɢɨŮɘ Űɞ ɑŭɘɞ, Ŭűɞɨ ˊŬɟɎ Űɖɜ Ŭɟɢɘəɐ ɛŮɑɤůɖ Űɖɠ ɛɏůɖɠ 

ɖɚɘəɑŬɠ ɛɏɢɟɘ Űɖɜ Űɘɛɐ ɚ= , ůŰɖ ůɡɜɏɢŮɘŬ ˊɟŬɔɛŬŰɞˊɞɘŮɑŰŬɘ ŬˊɧŰɞɛɖ Ŭɨɝɖůɖ, əŬɗɩɠ 

‗O ‘. ɇɞ ŰŮɚŮɡŰŬɑɞ ŮɑɜŬɘ ŬɜŬɛŮɜɧɛŮɜɞ, ŭŮŭɞɛɏɜɞɡ ɧŰɘ ŰŬ ˊŬəɏŰŬ ɗŬ ɛɏɜɞɡɜ ůŰɖɜ 
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ŬɜŬɛɞɜɐ ɔɘŬ ˊɎɟŬ ˊɞɚɨ ɢɟɧɜɞ ɏɤɠ ɧŰɞɡ ŮɝɡˊɖɟŮŰɖɗɞɨɜ, ñəɞɡɓŬɚɩɜŰŬɠò ɏŰůɘ ˊɘɞ 

ˊŬɚɘɎ ˊɚɖɟɞűɞɟɑŬ. 

 

4.2.3  Ɇɨɔəɟɘůɖ ɀ/ɀ/1/2* əŬɘ ɀ/ɀ/Њ 

ȺɜŭɘŬűɏɟɞɡůŬ ŮɑɜŬɘ əŬɘ ɖ ůɨɔəɟɘůɖ ɔɘŬ ŰŬ ɛɞɜŰɏɚŬ M/M/Ð, M/M/1/2* ɧˊɞɡ 

ŬˊɞŰɡˊɩɜŮŰŬɘ  ůŰɞ ɆɢɐɛŬ 4.9. 

 

 

ʅ˔ʺ˃ʰ пΦ9 - ɶ ˃ʷˋʹ ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ ˊˎʻ˃ˈ ʰ˒ʾ˅ʶ˖˄ ˂ ʴʽʰ ˍʰ ˃ˇ˄ˍʷ˂ʰ 

M/ M/Њ, M/ Mκмκнϝ ʴʽʰ ˋˍʰʻʶˊˈ ˃Ґм [2] 

 

ȸɚɏˊɞɡɛŮ ˊɤɠ Űɞ ɛɞɜŰɏɚɞ ɀ/ɀ/Ð ɛŬɠ ŭɑɜŮɘ ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ ɔɘŬ Űɖɜ ɛɏůɖ ɖɚɘəɑŬ 

Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ Ŭˊô ɧŰɘ Űɞ ɛɞɜŰɏɚɞ M/M/1/2* . ȼ ŭɘŬűɞɟɎ, ɛɎɚɘůŰŬ, ůŰɘɠ Űɘɛɏɠ Űɤɜ 

ŭɨɞ ɔɑɜŮŰŬɘ ɛŮɔŬɚɨŰŮɟɖ əŬɗɩɠ ɞ ɟɡɗɛɧɠ ŬűɑɝŮɤɜ ɚ ŬɡɝɎɜŮŰŬɘ, Ŭűɞɨ Űɞ M/M/Ð ɏɢŮɘ 

ɎˊŮɘɟɞɡɠ ŮɝɡˊɖɟŮŰɖŰɏɠ ɛŮ ŬˊɞŰɏɚŮůɛŬ ŰŬ ˊŬəɏŰŬ ɜŬ ɛɖɜ ˊŮɟɘɛɏɜɞɡɜ ůŰɖɜ ɞɡɟɎ. 

ȹɖɚŬŭɐ, ɖ ɎɛŮůɖ ŬɡŰɐ ŮɝɡˊɖɟɏŰɖůɖ Űɤɜ ˊŬəɏŰɤɜ ɞŭɖɔŮɑ ůŮ ɛɘəɟɧŰŮɟŮɠ Űɘɛɏɠ AoI, 

Ŭűɞɨ ɔɑɜɞɜŰŬɘ ůɡɜŮɢɐ status updates. ɋůŰɧůɞ, ŭŮɜ ŮɑɜŬɘ ŬˊŬɟŬɑŰɖŰŬ ˊɘɞ ɤűɏɚɘɛɞ, 

ɚŬɛɓɎɜɞɜŰŬɠ ɡˊɧɣɘɜ Űɖɜ ˊɞɚɨ ɛŮɔɎɚɖ ůˊŬŰɎɚɖ ŭɘəŰɡŬəɩɜ ˊɧɟɤɜ ˊɞɡ ůɡɛɓŬɑɜŮɘ ůŰɞ 

ɀ/ɀ/Ð, ɛŮ Űɖ ŭɘŬɗŮůɘɛɧŰɖŰŬ Űɧůɤɜ ŮɝɡˊɖɟŮŰɖŰɩɜ əŬɗɩɠ əŬɘ Űɖ ɛŮŰŬűɞɟɎ ŬɟəŮŰɩɜ 

ɛɖ ˊɚɖɟɞűɞɟɘŬəɩɜ (non-informative) ˊŬəɏŰɤɜ. 

 

 

 

 

 



 

39 
 

4.3 Ɇɨɔəɟɘůɖ ȹɘŬɢŮɑɟɘůɖɠ ɄŬəɏŰɤɜ əŬɘ LCFS 

ɇɧůɞ ɖ ɢɟɐůɖ Űɞɡ packet management ɧůɞ əŬɘ ɖ ɢɟɐůɖ Űɖɠ ˊɞɚɘŰɘəɐɠ LCFS ɏɢŮɘ ɤɠ 

ůəɞˊɧ Űɖ ɛŮɑɤůɖ Űɖɠ ɖɚɘəɑŬɠ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ. ȾŬŰɎ Űɖ LCFS ɧɛɤɠ, ŬˊɞűŮɨɔŮŰŬɘ ɖ 

əŬɗɡůŰɏɟɖůɖ Űɤɜ ɜɏɤɜ ˊŬəɏŰɤɜ ůŰɖɜ ŬɜŬɛɞɜɐ Űɖɠ ɞɡɟɎɠ,  ŭɘɧŰɘ ŮəŮɑɜŬ ɏɢɞɡɜ ŮɜŰɞɚɐ 

ɜŬ ˊɖɔŬɑɜɞɡɜ ˊɟɩŰŬ, ɛŮ ŬˊɞŰɏɚŮůɛŬ ůɖɛŬɜŰɘəɐ ɛŮɑɤůɖ Űɧůɞ Űɖɠ  average AoI, ɧůɞ 

əŬɘ Űɖɠ PAoI (ŮɘŭɘəɎ ůŰɖ LCFS with preemption). ȷɡŰɧ ŭŮ ůɡɛɓŬɑɜŮɘ ůŰɘɠ ˊɞɚɘŰɘəɏɠ 

Űɞɡ packet management ɧˊɞɡ ɏɢɞɡɛŮ ɛŮɔŬɚɨŰŮɟɖ əŬɗɡůŰɏɟɖůɖ ůŰɖɜ ɞɡɟɎ. 

Ⱥˊɑůɖɠ, ɛŮ Űɖ LCFS ɏɢɞɡɛŮ əŬɚɨŰŮɟɖ ŬɜŰɘɛŮŰɩˊɘůɖ ɧŰŬɜ ɡˊɎɟɢɞɡɜ errors əŬŰɎ Űɖ 

ɛŮŰɎŭɞůɖ Űɤɜ ˊŬəɏŰɤɜ, ɧˊɤɠ ɜŬ ɢŬɗɞɨɜ ɚɧɔɤ Űɖɠ ˊŮˊŮɟŬůɛɏɜɖɠ ɞɡɟɎɠ, Ŭűɞɨ 

ɛŮŰŬŭɑŭŮɘ ŬˊɞŰŮɚŮůɛŬŰɘəɎ ŰŬ informative ˊŬəɏŰŬ ŮɝŬůűŬɚɑɕɞɜŰŬɠ əŬɚɨŰŮɟɞ ɟɡɗɛɧ 

ˊŬɟɎŭɞůɖɠ Űɞɡɠ ůŰɞɜ ˊɟɞɞɟɘůɛɧ [6].   

 

 

4.4. Just-In-Time ɄɞɚɘŰɘəɐ 

ȼ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɖɠ AoI əŬɘ ɞ Űɟɧˊɞɠ ˊɞɡ ŬɡŰɐ ɗŬ ŮˊɘŰŮɡɢɗŮɑ ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

ˊɞɚɚɞɨɠ ˊŬɟɎɔɞɜŰŮɠ ɧˊɤɠ ŮɑɜŬɘ ɖ ŰɞˊɞɚɞɔɑŬ əŬɘ ŰŬ ɢŬɟŬəŰɖɟɘůŰɘəɎ Űɞɡ ŭɘəŰɨɞɡ, 

əŬɗɩɠ əŬɘ ŰŬ ŭɘŬɗɏůɘɛŬ ɛɏůŬ ɔɘŬ Űɞɜ ɏɚŮɔɢɧ Űɖɠ. ȰɜŬɠ Űɟɧˊɞɠ ɔɘŬ ɜŬ ŮɚɏɔɝɞɡɛŮ Űɞ 

ˊɧůɞ ŮˊɑəŬɘɟŮɠ ŮɑɜŬɘ ɞɘ ɛŮŰŬŭɘŭɧɛŮɜŮɠ ˊɚɖɟɞűɞɟɑŮɠ ŮɑɜŬɘ ɜŬ ɡˊɞɗɏůɞɡɛŮ ˊɤɠ 

ɔɜɤɟɑɕɞɡɛŮ Ŭəɟɘɓɩɠ Űɞ ɟɡɗɛɧ ŮɝɡˊɖɟɏŰɖůɖɠ.  

 

 

ʅ˔ʺ˃ʰ пΦ10 ς ɾˇ˄ˍʷ˂ˇ ˋˎˋˍʺ˃ʰˍˇˌ ˃ʶ ʰ˄ʱʵˊʰˋʹ [9] 

 

ŪŮɤɟɞɨɛŮ, ŭɖɚŬŭɐ, ɧŰɘ ɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ˊŬəɏŰɤɜ ŮɑɜŬɘ ůɡɜɎɟŰɖůɖ Űɖɠ ŭɘŬŭɘəŬůɑŬɠ 

ŮɝɡˊɖɟɏŰɖůɖɠ.  

ɀŮ Űɖɜ ˊɞɚɘŰɘəɐ just-in-time, Űɞ update i ŭɖɛɘɞɡɟɔŮɑŰŬɘ ɧŰŬɜ ŰŮɚŮɘɩůŮɘ ɖ 

ŮɝɡˊɖɟɏŰɖůɖ Űɞɡ update i-1, ɛŮ ŬˊɞŰɏɚŮůɛŬ Űɞ ˊŬəɏŰɞ ɜŬ ɛɖ ɢɟŮɘɎɕŮŰŬɘ ɜŬ ˊŮɟɘɛɏɜŮɘ 

ůŰɖɜ ɞɡɟɎ. ũɘô ŬɡŰɧ ɞɜɞɛɎɕŮŰŬɘ əŬɘ zero-wait ˊɞɚɘŰɘəɐ.  
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ʅ˔ʺ˃ʰ п.11 ς ʆˇ ˋˏˋˍʹ˃ʰ ˃ʶ ACK ɹ ʽʰ ʰ˄ʱʵˊʰˋʹ ʴʽʰ zero-wait  ̄ ˇ˂ʽˍʽˁʺ 

 

ȼ ˊɞɚɘŰɘəɐ ŬɡŰɐ ŮˊɘŰɡɔɢɎɜŮɘ ɛɏɔɘůŰɖ ɟɡɗɛŬˊɧŭɞůɖ (throughput) əŬɘ ŮɚɎɢɘůŰɖ 

əŬɗɡůŰɏɟɖůɖ (delay). ɄŬɟô ɧɚŬ ŬɡŰɎ ŭŮ ɗŮɤɟŮɑŰŬɘ ɖ ˊɎɜŰŬ ɖ ɘŭŬɜɘəɐ ˊɞɚɘŰɘəɐ ůŮ 

ůɢɏůɖ ɛŮ Űɖɜ AoI.  

ȼ ˊɖɔɐ ŬɜŰɘɚŬɛɓɎɜŮŰŬɘ ˊɧŰŮ ɞ ŮɝɡˊɖɟŮŰɖŰɐɠ ŮɑɜŬɘ ɎŭŮɘɞɠ ɐ ŬˊŬůɢɞɚɖɛɏɜɞɠ ɛɏůɤ 

Űɤɜ acknowledgements (ACKs). ȰŰůɘ, ŰŬ ɜɏŬ updates ɗŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ɧŰŬɜ ɞ 

ŮɝɡˊɖɟŮŰɖŰɐɠ ŭŮɜ ŮɑɜŬɘ ŬˊŬůɢɞɚɖɛɏɜɞɠ, ŭɖɚŬŭɐ ɧŰŬɜ ɚɎɓŮɘ Űɞ ACK ɖ ˊɖɔɐ Ŭˊɧ Űɞ 

əŬɜɎɚɘ, ɩůŰŮ ɜŬ ɛɖɜ ɡˊɎɟɢŮɘ ɢɟɧɜɞɠ ŬɜŬɛɞɜɐɠ W ɔɘŬ ŰŬ ˊŬəɏŰŬ, ɧˊɤɠ űŬɑɜŮŰŬɘ ůŰɞ 

ɆɢɐɛŬ 4.11. 

 

 

ʅ˔ʺ˃ʰ пΦ12 - ɶ ˃ʷˋʹ ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ ˔ˊˈ˄ˇ ʴʽʰ ˍˇ ˋˏˋˍʹ˃ʰ ˍˇˎ 

ˋ˔ʺ˃ʰˍˇˌ пΦ10  ˃ ʶ ˉˇ˂ʽˍʽˁʺ Just-In-Time [15] 

 

ŪŮɤɟɞɨɛŮ ɧŰɘ ˊŬɟɎɔɞɜŰŬɘ ˊŬəɏŰŬ Űɘɠ ůŰɘɔɛɏɠ S0, S1, ... ɛŮ ɢɟɧɜɞ ɛŮŰɎŭɞůɖɠ Y0, Y1, ... 

 π Űɞɡ ɞˊɞɑɞɡ ɖ ŭɘŬŭɘəŬůɑŬ Y i ŮɑɜŬɘ ůŰŬŰɘəɐ əŬɘ Ůɟɔɞŭɘəɐ ɀŬɟəɞɓɘŬɜɐ ŬɚɡůɑŭŬ. ɀŮ 

Di = Si + Yi ůɡɛɓɞɚɑɕɞɜŰŬɘ ɞɘ ůŰɘɔɛɏɠ ˊɞɡ əŬŰŬűɗɎɜŮɘ Űɞ ˊŬəɏŰɞ i ůŰɞɜ ˊɟɞɞɟɘůɛɧ 

Ůɜɩ ɛŮ Zi oɘ ɢɟɧɜɞɘ ŬɜŬɛɞɜɐɠ ɛŮŰɎ Űɖɜ ŮɝɡˊɖɟɏŰɖůɖ Űɞɡ ˊŬəɏŰɞɡ i ɛɏɢɟɘ ɜŬ ˊŬɟŬɢɗŮɑ 

Űɞ ŮˊɧɛŮɜɞ, ˊɞɡ ɞűŮɑɚɞɜŰŬɘ ůŰɖɜ əŬɗɡůŰɏɟɖůɖ ɚɐɣɖɠ Űɞɡ ACK (ɆɢɐɛŬ 4.13). 
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ɃˊɞɘŬŭɐˊɞŰŮ ůŰɘɔɛɐ t, Űɞ ˊɘɞ ˊɟɧůűŬŰŬ ɚɖűɗɏɜ ˊŬəɏŰɞ ɏɢŮɘ ɢɟɞɜɞůűɟŬɔɑŭŬ: 

Ὗὸ ÍÁØὛḊὈ ὸ τȢρρ 

 

ɃˊɧŰŮ ɖ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ (Age Of Information), ɧˊɤɠ ɔɜɤɟɑɕɞɡɛŮ, 

ɡˊɞɚɞɔɑɕŮŰŬɘ Ŭˊɧ: 

 

ɝὸ ὸ Ὗὸ τȢρς 

 

ɈˊɞɗɏŰɞɡɛŮ ɧŰɘ ɔɘŬ Űɞ ˊŬəɏŰɞ 0, ˊŬɟɎɔŮŰŬɘ əŬɘ ůŰɏɚɜŮŰŬɘ Űɖ ůŰɘɔɛɐ S0 = - Y0 ɏŰůɘ 

ɩůŰŮ ɜŬ űŰɎɜŮɘ ůŰɞɜ ˊɟɞɞɟɘůɛɧ Űɖɜ D0 = 0  (ɆɢɐɛŬ 4.12), ɛŮ ŬˊɞŰɏɚŮůɛŬ ɖ ɖɚɘəɑŬ 

Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ɜŬ ˊŬɑɟɜŮɘ Űɖɜ Űɘɛɐ ɝD0) =  Y0.ȰŰůɘ Űɖ ůŰɘɔɛɐ Di ɧˊɞɡ ɚŬɛɓɎɜŮŰŬɘ 

Űɞ ˊŬəɏŰɞ i, ɏɢɞɡɛŮ ɖɚɘəɑŬ ɝDi) =  Yi Ůɜɩ Űɖ ůŰɘɔɛɐ Si+1 ɧˊɞɡ ůŰɏɚɜŮŰŬɘ Űɞ ˊŬəɏŰɞ 

i+1, ɏɢŮɘ ŮɘůŬɢɗŮɑ ɢɟɧɜɞɠ ŬɜŬɛɞɜɐɠ Zi = Si+1 - Di , ɚɧɔɤ Űɞɡ ACK, əŬɘ ɏɢɞɡɛŮ ɝSi+1 ) 

= Yi + Zi . 

ɆŰɖ ůɡɜɏɢŮɘŬ ɖ ɖɚɘəɑŬ ůɡɜŮɢɑɕŮɘ ɜŬ ŬɡɝɎɜŮŰŬɘ ɔɟŬɛɛɘəɎ əŬɘ ɜŬ űŰɎɜŮɘ Űɖɜ ŰɞˊɘəɎ 

ɛɏɔɘůŰɖ Űɘɛɐ Űɖɠ ɞɟɘŬəɎ ˊɟɘɜ ɚɖűɗŮɑ Űɞ ˊŬəɏŰɞ i+1 Ŭˊɧ Űɞɜ ˊɟɞɞɟɘůɛɧ (Di+1 -), ɧˊɞɡ 

ŮɑɜŬɘ ɝDi+1 -) = Yi + Zi + Yi+1. ɀŮ Űɖɜ Ɏűɘɝɖ Űɞɡ ˊŬəɏŰɞɡ i+1 ůŰɞɜ ˊɟɞɞɟɘůɛɧ, ɖ 

ɖɚɘəɑŬ ˊɏűŰŮɘ ŬˊŮɡɗŮɑŬɠ Ŭűɞɨ ŮəŮɑɜɞ ɏɢŮɘ ɢɟɞɜɞůűɟŬɔɑŭŬ Ui+1(t) = Si+1, ɞˊɧŰŮ ɏɢɞɡɛŮ 

ɝDi+1 ) = Di+1  - Si+1  = Yi+1  . 

 

 

 

 

ʅ˔ʺ˃ʰ пΦм3 ς ɲʽʱʴˊʰ˃˃ʰ ˊˇʺˌ ʴʽʰ ˍʹ ½ŜǊƻ-²ŀƛǘ ˉˇ˂ʽˍʽˁʺ [16] 

 

ȼ ˊɞɚɘŰɘəɐ ŬɡŰɐ, ɧɛɤɠ, ŭŮɜ ɞŭɖɔŮɑ ˊɎɜŰŬ ůŰɖɜ ŮɚŬɢɘůŰɞˊɞɑɖůɖ Űɞɡ Age Of 

Information. ũɘŬ ˊŬɟɎŭŮɘɔɛŬ, Űɞ ɔŮɔɞɜɧɠ ɧŰɘ ůŰɏɚɜɞɜŰŬɘ ŰŬ updates ɢɤɟɑɠ ɜŬ ɡˊɎɟɢŮɘ 

əŬɗɡůŰɏɟɖůɖ, ɛˊɞɟŮɑ ɜŬ ɚŮɘŰɞɡɟɔɐůŮɘ ɛɖ ŮɡŮɟɔŮŰɘəɎ, ůŮ ˊŮɟɑˊŰɤůɖ ůɡɜŮɢɧɛŮɜɤɜ 

ˊŬəɏŰɤɜ ɛŮ ɛɖŭŮɜɘəɞɨɠ ɢɟɧɜɞɡɠ ɛŮŰɎŭɞůɖɠ. ɆɡɔəŮəɟɘɛɏɜŬ, ŰŬ updates ɛŮŰɎ Ŭˊɧ Űɞ 

ˊɟɩŰɞ ŭŮ űɏɟɜɞɡɜ əɎˊɞɘŬ ɜɏŬ ˊɚɖɟɞűɞɟɑŬ ůŰɞɜ ˊɟɞɞɟɘůɛɧ Ŭűɞɨ ŰŬ ůɡɜŮɢɧɛŮɜŬ 
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ˊŬəɏŰŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ Űɖɜ ɑŭɘŬ ůŰɘɔɛɐ, Ŭɜ əŬɘ ɖ əŬɗɡůŰɏɟɖůɖ ɚɧɔɤ Űɞɡ ACK ŮɑɜŬɘ 

ɛɖŭŮɜɘəɐ. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ əŬŰɎ Űɖ zero wait ˊɞɚɘŰɘəɐ, Űɞ ŮˊɧɛŮɜɞ ˊŬəɏŰɞ 

ŭɖɛɘɞɡɟɔŮɑŰŬɘ əŬɘ ůŰɏɚɜŮŰŬɘ ɧŰŬɜ ɡˊɎɟɢŮɘ Ůɜɖɛɏɟɤůɖ ɧŰɘ ŰŮɚŮɑɤůŮ Űɞ ˊɟɞɖɔɞɨɛŮɜɞ. 

ȹɖɚŬŭɐ, Ŭɜ ɏɢɞɡɛŮ ɢɟɧɜɞɡɠ ɛŮŰɎŭɞůɖɠ Y1, Y2, Y3 = 0  ɔɘŬ ŰɟɑŬ ůɡɜŮɢɧɛŮɜŬ updates ɛŮ 

Űɞ ˊɟɩŰɞ ɜŬ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɖ ůŰɘɔɛɐ S1 = 0, ŮəŮɑɜɞ ɗŬ űŰɎůŮɘ ůŰɞɜ ˊɟɞɞɟɘůɛɧ Űɖɜ  

D1 = 0. ȷɜŰɑůŰɞɘɢŬ ŰŬ updates 2,3 ɗŬ ŭɖɛɘɞɡɟɔɖɗɞɨɜ, ɗŬ ůŰŬɚɗɞɨɜ əŬɘ ɗŬ űɗɎůɞɡɜ 

ůŰɞɜ ˊɟɞɞɟɘůɛɧ Űɖ ůŰɘɔɛɐ 0, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ůˊŬŰŬɚɖɗɞɨɜ Ŭűɞɨ ŭŮ ɗŬ űɏɟɞɡɜ ɜɏŬ 

ˊɚɖɟɞűɞɟɑŬ. 
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ȾŮűɎɚŬɘɞ 5: ɀɞɜŰɏɚŬ AoI ȹɘŬəɟɘŰɞɨ ɉɟɧɜɞɡ 

 

5.1 ȺɘůŬɔɤɔɐ ůŰŬ ȹɘŬəɟɘŰɎ ɀɞɜŰɏɚŬ 

ȳˊɤɠ ɏɢɞɡɛŮ ˊŮɘ ɖ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ŭɑɜŮŰŬɘ Ŭˊɧ Űɞɜ Űɨˊɞ: 

æ(t) = t ī u(t) 

ȼ ŰɡɢŬɑŬ ŭɘŬŭɘəŬůɑŬ æ(t) ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ əŬɘ ŭɘŬəɟɘŰɐ, ŮəŰɧɠ Ŭˊɧ ůɡɜŮɢɐɠ.  

ŪŮɤɟɞɨɛŮ ɏɜŬ ůɨůŰɖɛŬ ɛŮ ˊŬəɏŰŬ ˊɞɡ ˊŬɟɎɔɞɜŰŬɘ Ŭˊɧ ɛɑŬ ˊɖɔɐ ůɨɛűɤɜŬ ɛŮ ŰɡɢŬɑŬ 

ŭɘŬŭɘəŬůɑŬ. ɇɞ ůɨůŰɖɛŬ ŮɝɡˊɖɟɏŰɖůɖɠ, ˊɞɡ ɛˊɞɟŮɑ ɜŬ ˊŮɟɘɏɢŮɘ ɏɜŬɜ ɐ ˊŮɟɘůůɧŰŮɟɞɡɠ 

ŮɝɡˊɖɟŮŰɖŰɏɠ, ŮɝɡˊɖɟŮŰŮɑ ŰŬ ˊŬəɏŰŬ ůŮ ŰɡɢŬɑŬ ŬəɏɟŬɘŬ time slots. ũɘŬ ɚɧɔɞɡɠ 

ŬɜɎɚɡůɖɠ, ɡˊɞɗɏŰɞɡɛŮ ˊɤɠ ɖ Ɏűɘɝɖ Űɤɜ ˊŬəɏŰɤɜ ɔɑɜŮŰŬɘ ůŰɖɜ Ŭɟɢɐ Űɞɡ time slot Ůɜɩ 

ɖ ŮɝɡˊɖɟɏŰɖůɖ ůŰɞ Űɏɚɞɠ Űɞɡ.  

 

ɄŬɑɟɜɞɡɛŮ Űɖ ŭɘŬŭɘəŬůɑŬ A(t) ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖɜ ɖɚɘəɑŬ, Ŭˊɧ Űɖɜ Űɘɛɐ ˊɞɡ ɏɢŮɘ ɖ 

AoI ůŰɖɜ Ŭɟɢɐ əɎɗŮ time slot. ɈˊɞɗɏŰɞɜŰŬɠ ɧŰɘ Űɞ i-ɞůŰɧ ˊŬəɏŰɞ ŭɖɛɘɞɡɟɔŮɑŰŬɘ Űɖ 

ůŰɘɔɛɐ Y i, ɘůɢɨŮɘ: 

                 

                      A(t) + 1 , Ŭɜ ŭŮɜ ɏɢŮɘ ɔɑɜŮɘ ŮɝɡˊɖɟɏŰɖůɖ Űɖ ůŰɘɔɛɐ t 

ὃὸ ρ                    (5.1)  

                      min{t  ὣ , A(t)} + 1 , Ŭɜ Űɞ ˊŬəɏŰɞ i ɏɢŮɘ ŮɝɡˊɖɟŮŰɖɗŮɑ 

 

 

 

ɆɢɐɛŬ 5.1 - ȼ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ Űɖɠ ŭɘŬəɟɘŰɐɠ A(t)  

 

ũɘŬ Űɖɜ average əŬɘ peak age ŬɜŰɑůŰɞɘɢŬ ɘůɢɨŮɘ Ŭˊɧ [10]: 
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ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ŭɘɎűɞɟŬ ŭɘŬəɟɘŰɎ ɛɞɜŰɏɚŬ ɛŬɕɑ ɛŮ ŰŬ ŬˊŬɟŬɑŰɖŰŬ metrics 

ɔɘŬ Űɖɜ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ. 

 

 

5.2 First Come First Served Ƀɡɟɏɠ 

ŪŮɤɟɞɨɛŮ ɛɑŬ G/G/1 ɞɡɟɎ. ɇŬ ˊŬəɏŰŬ ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ ŬɜɎɛŮůŬ ůŮ ɢɟɧɜɞɡɠ X (inter-

generation times) ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ əŬŰŬɜɞɛɐ Fx Ůɜɩ ɞɘ ɢɟɧɜɞɘ ŮɝɡˊɖɟɏŰɖůɖɠ S ŮɑɜŬɘ 

ɞɛɞɘɧɛɞɟűŮɠ ŬɜŮɝɎɟŰɖŰŮɠ ɛŮŰŬɓɚɖŰɏɠ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ Űɖɜ FS.  

 

ȰŰůɘ, ˊɟɞəɨˊŰɞɡɜ: ‗      əŬɘ  ‘    . 

 

ȷˊɞŭŮɘəɜɨŮŰŬɘ (ůŰɞ [11] ) ˊɤɠ Űɞ əɎŰɤ ɧɟɘɞ Űɖɠ ɛɏůɖɠ ɖɚɘəɑŬɠ ɔɘŬ Űɞ G/G/1 ɛɞɜŰɏɚɞ 

ŮɑɜŬɘ: 

 

ὃ  ὒ ȟȾȾ  
ρ

ς‗
  
ρ

‘
  υȢτ 

 

Ŭűɞɨ ὃ   ȟȾȾ      

 

ȷɡŰɧ ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɧŰŬɜ ɖ ŭɖɛɘɞɡɟɔɑŬ Űɤɜ ˊŬəɏŰɤɜ ŮɑɜŬɘ ˊŮɟɘɞŭɘəɐ əŬɘ ɞ ɢɟɧɜɞɠ 

ŮɝɡˊɖɟɏŰɖůɖɠ ɜŰŮŰŮɟɛɘɜɘůŰɘəɧɠ. ũŮɜɘəɧŰŮɟŬ, ɞ ɜŰŮŰŮɟɛɘɜɘůɛɧɠ ůŰɖ ŭɖɛɘɞɡɟɔɑŬ əŬɘ 

Űɖɜ ŮɝɡˊɖɟɏŰɖůɖ ŮɚŬɢɘůŰɞˊɞɘŮɑ ŰŬ ŭɨɞ metrics ˊɞɡ ŮɑŭŬɛŮ ˊŬɟŬˊɎɜɤ, ŭɖɚŬŭɐ Űɖɜ 

average əŬɘ Űɖɜ peak age. 

 

 



 

45 
 

ȹɖɚŬŭɐ, ůŮ ɏɜŬ FCFS ůɨůŰɖɛŬ ɘůɢɨŮɘ: 

AaveD/ D/1   AaveG/ G/1  

 

         (5.5) 

     ApD/ D/1  ApG/ G/1  

 

ɔɘŬ ɞˊɞɘɞŭɐˊɞŰŮ ɟɡɗɛɧ ŭɖɛɘɞɡɟɔɑŬɠ əŬɘ ŮɝɡˊɖɟɏŰɖůɖɠ ˊŬəɏŰɤɜ. 

 

ɇɞ ˊŬɟŬˊɎɜɤ ůɡɛˊɏɟŬůɛŬ ɛŬɠ ɞŭɖɔŮɑ ɜŬ ŮɝŮŰɎůɞɡɛŮ əŬɘ ɞɟɘůɛɏɜŬ ɛɞɜŰɏɚŬ ɩůŰŮ ɜŬ 

ŭɞɨɛŮ ŰŬ metrics Űɞɡɠ ˊɞɡ ŮɝŬɟŰɩɜŰŬɘ Ŭˊɧ Űɘɠ əŬŰŬɜɞɛɏɠ Űɤɜ X,S. 

 

5.2.1  G/M/1 ï First Come First Served 

ŪŮɤɟɞɨɛŮ ɛɘŬ ɞɡɟɎ G/M/1, ɧˊɞɡ ɖ əŬŰŬɜɞɛɐ FS Űɞɡ ɢɟɧɜɞɡ ŮɝɡˊɖɟɏŰɖůɖɠ ŮɑɜŬɘ 

ŮəɗŮŰɘəɐ ɛŮ ɟɡɗɛɧ ɛ əŬɘ ɘůɢɨŮɘ:  FS(x) = ρ Ὡ . Ƀɘ ɢɟɧɜɞɘ ŭɖɛɘɞɡɟɔɑŬɠ ɉ Űɤɜ 

ˊŬəɏŰɤɜ ŮɑɜŬɘ ɔŮɜɘəɎ əŬŰŬɜŮɛɖɛɏɜɞɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ Fx, ɛŮ ɛɏůɞ  .  

ɈˊɞɗɏŰɞɜŰŬɠ ɥx  ɞeɻx]  

                                 əŬɘ  

                        ɤɠ Űɖ ɛɞɜŬŭɘəɐ ɚɨůɖ Űɖɠ ɻ  ʈ ɀ ʈɥʔ(-ɻ 

 

ȼ ɛɏůɖ ɖɚɘəɑŬ Űɖɠ ˊɚɖɟɞűɞɟɑŬɠ ŮɑɜŬɘ Ŭ́ ɧ [11]: 

ὃ  ȟȾ Ⱦ  ‗  
ρ

ς
 ῼ ὼπ  

ρ

 
 ῼὼ   

ρ

‘
υȢφ 

 

Ůɜɩ ɖ ɛɏɔɘůŰɖ: 

ὃ ȟȾ Ⱦ  
ρ

 

ρ

‗
 υȢχ 

  

5.2.2  M/G/1 ï First Come First Served 

ŪŮɤɟɞɨɛŮ ɛɘŬ ɞɡɟɎ G/M/1, ɧˊɞɡ ɖ əŬŰŬɜɞɛɐ Fx Űɞɡ ɢɟɧɜɞɡ ŭɖɛɘɞɡɟɔɑŬɠ Űɤɜ 

ˊŬəɏŰɤɜ ŮɑɜŬɘ Poisson ɛŮ ɟɡɗɛɧ ɚ əŬɘ ɘůɢɨŮɘ:  FX(x) = ρ Ὡ . Ƀɘ ɢɟɧɜɞɘ 

ŮɝɡˊɖɟɏŰɖůɖɠ S Űɤɜ ˊŬəɏŰɤɜ ŮɑɜŬɘ ɔŮɜɘəɎ əŬŰŬɜŮɛɖɛɏɜɞɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ Fx, ɛŮ 

ɛɏůɞ  .  

Ƀɘ ůɢɏůŮɘɠ ɔɘŬ Űɘɠ ɛŮŰɟɘəɏɠ ůŮ ŬɡŰɧ Űɞ ɛɞɜŰɏɚɞ ŮɑɜŬɘ [11]: 
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5.2.3  BER/G/1 ï First Come First Served 

ŪŮɤɟɞɨɛŮ ɛɘŬ ŭɘŬəɟɘŰɞɨ ɢɟɧɜɞɡ ɞɡɟɎ Ber/G/1, ɛŮ ŬűɑɝŮɘɠ Bernoulli ˊɞɡ ɔɑɜɞɜŰŬɘ 

ůŰɘɔɛɏɠ t ɛŮ ˊɘɗŬɜɧŰɖŰŬ ɚ. Ƀɘ ɢɟɧɜɞɘ ŮɝɡˊɖɟɏŰɖůɖɠ ŮɑɜŬɘ ɔŮɜɘəɎ əŬŰŬɜŮɛɖɛɏɜɞɘ ɛŮ 

ɛɏůɞ E[S] =  .  

 

ɠ ʈʘʎʂ ʂʇʅʆʚɻ ɾʅɻ ʐʂʉ BER/G/1 [10] ŮɑɜŬɘ : 
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ʀʉʡ ʂ ʈʘɾʅʎʐʂ ʂʇʅʆʚɻȡ  
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ʝʌʋʑ LS(x) = E[xS] ŮɑɜŬɘ ɖ ůɡɜɎɟŰɖůɖ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɖ ŭɖɛɘɞɡɟɔɑŬ ˊɘɗŬɜɧŰɖŰŬɠ. 

 

5.2.4  BER/G/1 with vacations ï First Come First Served 

ŪŮɤɟɞɨɛŮ ɧɛɞɘŬ ɛŮ ˊɟɘɜ ɛɘŬ Ber/G/1 ɞɡɟɎ ɛŮ Űɖ ŭɘŬűɞɟɎ ˊɤɠ ɧŰŬɜ ɖ ɞɡɟɎ ŮɑɜŬɘ 

əŮɜɐ, ɞ ŮɝɡˊɖɟŮŰɖŰɐɠ əɎɜŮɘ ŭɘŬəɞˊɏɠ ůŮ ɢɟɧɜɞɡɠ ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ Ŭˊɧ Űɖ V, 

ɞɛɞɘɧɛɞɟűŬ əŬɘ ŬɜŮɝɎɟŰɖŰŬ əŬŰŬɜŮɛɖɛɏɜɞɡɠ ɛŮ ɛɏůɞ E[V], ɏɤɠ ɧŰɞɡ ɔɑɜŮɘ ɛɘŬ ɜɏŬ 

Ɏűɘɝɖ ůŰɖɜ ɞɡɟɎ. 

 

ȼ ɛɏɔɘůŰɖ ɖɚɘəɑŬ ɧˊɤɠ ˊŮɟɘɔɟɎűŮŰŬɘ ůŰɞ [10], ŮɑɜŬɘ: 
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Ůɜɩ ɖ ɛɏůɖ ɖɚɘəɑŬ ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɞ ŬɜɩŰŬŰɞ ɧɟɘɞ (upper bound) ˊɞɡ ŮɑɜŬɘ ɖ 

ɛɏɔɘůŰɖ ɖɚɘəɑŬ, ŭɖɚŬŭɐ: 

 

ὃ ȟ ȾȾȟ   ὃȟ ȾȾȟ υȢρσ 

 

 

ʅ˔ʺ˃ʰ  5.2 - ɶ ˃ʷˋʹ ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ ˃ʷˋˇ ˔ˊˈ˄ˇ ʵʽʰˁˇˉ˗˄ ʴʽʰ ˍˇ 

˃ˇ˄ˍʷ˂ˇ BER/ Gκм ˃ʶ ʵʽʰˁˇˉʷˌ ʴʽʰ ˋˍʰʻʶˊˈ ˃ҐлΦтр ˁʰʽ ʶ˅ˎˉʹˊʶˍʺˋʶʽˌ ʴʶ˖˃ʶˍˊʽˁʱ ˁʰˍʰ˄ʶ˃ʹ˃ʷ˄ʶˌ 

(BER/ GeoκмύΦ ɶ ˁʰˍʰ˄ˇ˃ʺ ˍˇˎ V ˃ ˉˇˊʶʾ ˄ʰ ʶʾ˄ʰʽ ɱʶ˖˃ʶˍˊʽˁʺΣ ʁ˃ˇʽˈ˃ˇˊ˒ʹ ˁʰʽ ɿˍʶˍʶˊ˃ʽ˄ʽˋˍʽˁʺΦ ʁʽ 

ˋˎ˄ʶ˔ʺˌ ʴˊʰ˃˃ʷˌ ʰ˄ʰˉʰˊʽˋˍˇˏ˄ ˉʽʻʰ˄ˈˍʹˍʰ ʰ˒ʾ˅ʶ˖ˌ ˂ҐлΦо ʶ˄˗ ˇʽ ʵʽʰˁʶˁˇ˃˃ʷ˄ʶˌ ˂ҐлΦсΦ [10]  

 

ȷˊɧ Űɞ ɆɢɐɛŬ 5.2 ɔɘŬ ɛɘŬ ŭŮŭɞɛɏɜɖ Űɘɛɐ Űɞɡ E[V] ɓɚɏˊɞɡɛŮ ˊɤɠ ɖ ɜŰŮŰŮɟɛɘɜɘůŰɘəɐ 

əŬŰŬɜɞɛɐ Űɞɡ V ɛŬɠ ŭɑɜŮɘ ɢŬɛɖɚɧŰŮɟŮɠ Űɘɛɏɠ ɔɘŬ Űɖ ɛɏůɖ ɖɚɘəɑŬ ůŮ ůɨɔəɟɘůɖ ɛŮ Űɖ 

ɔŮɤɛŮŰɟɘəɐ əŬɘ Űɖɜ ɞɛɞɘɧɛɞɟűɖ. Ⱥˊɑůɖɠ, ŮˊɘŰɡɔɢɎɜŮŰŬɘ ɛɘəɟɧŰŮɟɖ ɛɏůɖ ɖɚɘəɑŬ ɔɘŬ 

ɢŬɛɖɚɧŰŮɟɖ ˊɘɗŬɜɧŰɖŰŬ ŬűɑɝŮɤɠ ɚ=0.3 Ŭˊô ɧŰɘ ɔɘŬ ɚ=0.6  

 

5.2.5 G/BER/1 ï First Come First Served 

ŪŮɤɟɞɨɛŮ ɛɘŬ ŭɘŬəɟɘŰɞɨ ɢɟɧɜɞɡ ɞɡɟɎ G/BER/1, ɛŮ ɢɟɧɜɞɡɠ ŭɖɛɘɞɡɟɔɑŬɠ ɉ Űɤɜ 

ˊŬəɏŰɤɜ ŮɑɜŬɘ ɔŮɜɘəɎ əŬŰŬɜŮɛɖɛɏɜɞɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ Fx, ɛŮ ɛɏůɞ . ȼ ŮɝɡˊɖɟɏŰɖůɖ 

ɔɑɜŮŰŬɘ ůɨɛűɤɜŬ ɛŮ Űɖɜ əŬŰŬɜɞɛɐ Bernoulli ɛŮ ɟɡɗɛɧ ɛ. 
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ɈˊɞɗɏŰɞɜŰŬɠ ɥx  ɞeɻx]  

                                 əŬɘ  

                       Ŭ* ɤɠ Űɖ ɛɞɜŬŭɘəɐ ɚɨůɖ Űɖɠ ɻ  ʈ ɀ ʈɥʔ( log(1-ɻ  

 

ȷˊɧ [12] ˊɟɞəɨˊŰŮɘ ɧŰɘ: 

 

ɠ ʈʘʎʂ ʂʇʅʆʚɻ ʐʂʏ ʌʇʂʍʋʒʋʍʚɻʏ ʀʚʉɻʅ ȡ 
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ρ
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5.3 ɆɡůɢɏŰɘůɖ ȹɘŬəɟɘŰɐɠ ɛŮ ɆɡɜŮɢɐ AoI 

ɆŮ ˊɟɞɖɔɞɨɛŮɜŬ əŮűɎɚŬɘŬ ɏɢɞɡɛŮ ŭŮɘ ˊɤɠ ˊɟɞəɨˊŰɞɡɜ ɞɘ Űɘɛɏɠ ɔɘŬ Űɖɜ ɖɚɘəɑŬ Űɖɠ 

ˊɚɖɟɞűɞɟɑŬɠ ůŮ ůɡɜŮɢɞɨɠ ɢɟɧɜɞɡ ɞɡɟɏɠ, Ůɜɩ ˊŬɟŬˊɎɜɤ ŮɝŮŰɎůŬɛŮ Űɘɠ ŬɜŰɑůŰɞɘɢŮɠ 

ŭɘŬəɟɘŰɏɠ. ɇɞ ŮɟɩŰɖɛŬ ˊɞɡ ɡˊɎɟɢŮɘ ŮɑɜŬɘ ˊɤɠ ŮəŮɑɜŮɠ ůɡůɢŮŰɑɕɞɜŰŬɘ. 
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ʅ˔ʺ˃ʰ 5.3 - ɶ ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˍʹˌ ʵʽʰˁˊʽˍʺˌ A(tύ ˋʶ ˋˎ˄ʱˊˍʹˋʹ ˃ʶ ˍˇ ˔ˊˈ˄ˇ ˃ʰʸʾ ˃ʶ ˍʹ˄ 

ʰ˄ˍʾˋˍˇʽ˔ʹ ˋˎ˄ʶ˔ʺˌ ʵʽʰʵʽˁʰˋʾʰ Acont(t) [13] 

 

ȹŮŭɞɛɏɜɞɡ ɧŰɘ ɞɘ ůɢɏůŮɘɠ ˊɞɡ ɛŬɠ ŭɑɜɞɡɜ Űɖ ɛɏɔɘůŰɖ əŬɘ Űɖ ɛɏůɖ ɖɚɘəɑŬ Űɖɠ 

ˊɚɖɟɞűɞɟɑŬɠ, ɔɘŬ Űɖ ůɡɜŮɢɞɨɠ ɢɟɧɜɞɡ ŭɘŬŭɘəŬůɑŬ, ɏɢŮɘ ɞɟɘůŰŮɑ ɛŮ ŬəɟɑɓŮɘŬ, ɞɘ 

ŬɜŰɑůŰɞɘɢŮɠ ŭɘŬəɟɘŰɏɠ ŭɑɜɞɜŰŬɘ Ŭˊɧ Űɘɠ ůɢɏůŮɘɠ: 

                                                            Apdiscr =  Apcont - 1 

                                                                                                                               (5.16) 

Aavediscr =  Aavecont - 1 

 

5.3.1 Ɇɨɔəɟɘůɖ ɆɡɜŮɢɞɨɠ M/M/1 ɛŮ ȹɘŬəɟɘŰɐ BER/BER/1 

ɄŬɟŬəɎŰɤ, ˊŬɟɞɡůɘɎɕŮŰŬɘ ɖ peak əŬɘ average ɖɚɘəɑŬ ůŮ ůɡɜɎɟŰɖůɖ ɛŮ Űɖ 

ɢɟɖůɘɛɞˊɞɑɖůɖ ɟ ɔɘŬ Űɖ ůɡɜŮɢɏɠ M/M/1 əŬɘ Űɖ ŭɘŬəɟɘŰɐ BER/BER/1. 
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ʅ˔ʺ˃ʰ 5.4 - ɶ ˃ʷʴʽˋˍʹ ˁʰʽ ʹ ˃ʷˋʹ ʹ˂ʽˁʾʰ ˍʹˌ ˉ˂ʹˊˇ˒ˇˊʾʰˌ ˋʶ ˋ˔ʷˋʹ ˃ʶ ˍʹ ˔ˊʹˋʽ˃ˇˉˇʾʹˋʹ ˊ ʴʽʰ ˍʹ 

ˋˎ˄ʶ˔ʷˌ aκaκм ˁʰʽ ˍʹ ʵʽʰˁˊʽˍʺ .9wκ.9wκм ʴʽʰ ˃ҐлΦуΦ [12] 

 

ȷˊɧ Űɞ ɆɢɐɛŬ 5.4, ɓɚɏˊɞɡɛŮ ˊɤɠ ɞɘ Űɘɛɏɠ ɔɘŬ Űɖ ŭɘŬəɟɘŰɐ BER/BER/1 ŮɑɜŬɘ ŬɟəŮŰɎ 

ɢŬɛɖɚɧŰŮɟŮɠ Űɧůɞ ɔɘŬ Űɖ ɛɏɔɘůŰɖ ɧůɞ əŬɘ ɔɘŬ Űɖ ɛɏůɖ ɖɚɘəɑŬ Űɖ ˊɚɖɟɞűɞɟɑŬɠ. 

ȺɘŭɘəɧŰŮɟŬ, ɔɘŬ əŬɗɩɠ Űɞ ɟ ˊɚɖůɘɎɕŮɘ Űɞ 1, ɖ Űɘɛɏɠ Űɤɜ Ap
M/M/1 əŬɘ Aave

M/M/1 

ŬɡɝɎɜɞɜŰŬɘ ŬɟəŮŰɎ, əɎɜɞɜŰŬɠ ɛŮɔŬɚɨŰŮɟɖ Űɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ ŮəŮɑɜɤɜ Űɞɡ 

BER/BER/1.  
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ȾŮűɎɚŬɘɞ 6: Age of Information ůŰŬ ȾɞɘɜɤɜɘəɎ ȹɑəŰɡŬ əŬɘ 

APIs 

 

6.1 ȾɞɘɜɤɜɘəɎ ȹɑəŰɡŬ 

ɇŬ əɞɘɜɤɜɘəɎ ŭɑəŰɡŬ ŮɑɜŬɘ ɘůŰɞůŮɚɑŭŮɠ ˊɞɡ ŮˊɘŰɟɏˊɞɡɜ Űɖ ŭɘŮˊŬűɐ ɛŮŰŬɝɨ Űɤɜ 

ɢɟɖůŰɩɜ Űɞɡɠ ɛɏůɤ ŭɘŬűɧɟɤɜ ŬɚɚɖɚŮˊɘŭɟɎůŮɤɜ. ȷˊɞŰŮɚɞɨɜ Ůɘəɞɜɘəɏɠ əɞɘɜɧŰɖŰŮɠ 

ɛɏůŬ Ŭˊɧ Űɘɠ ɞˊɞɑŮɠ ɞɘ ɢɟɐůŰŮɠ ɛˊɞɟɞɨɜ ɜŬ ɛɞɘɟŬůŰɞɨɜ ɘŭɏŮɠ, űɤŰɞɔɟŬűɑŮɠ, ɓɑɜŰŮɞ 

əŬɗɩɠ əŬɘ ɜŬ ɛɘɚɐůɞɡɜ ɛŮŰŬɝɨ Űɞɡɠ ŮəűɟŬɕɧɛŮɜɞɘ ɛŮ ˊɞɚɚɞɨɠ Űɟɧˊɞɡɠ. 

ɈˊɎɟɢɞɡɜ ˊɞɘəɑɚŬ əɞɘɜɤɜɘəɎ ŭɑəŰɡŬ, ˊɞɡ ůɡɜŮɢɩɠ ŬɜŬˊŰɨůůɞɡɜ əŬɘ ɓŮɚŰɘɩɜɞɡɜ Űɖ 

ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ˊɟɞůűɏɟɞɜŰŬɠ ɞɚɞɏɜŬ əŬɘ əŬɚɨŰŮɟɞ ˊŮɟɘɓɎɚɚɞɜ ůŰɞɡɠ ɢɟɐůŰŮɠ Űɞɡɠ 

əŬɘ ŭɘŮɡəɞɚɨɜɞɜŰŬɠ Űɖɜ ŬɚɚɖɚŮˊɑŭɟŬůɖ ɛŮŰŬɝɨ Űɞɡɠ. ɀŮɟɘəɎ Ŭˊɧ ŰŬ ˊɘɞ ɔɜɤůŰɎ 

ŮɑɜŬɘ ŰŬ Facebook, Twitter, Instagram, LinkedIn. 

 

6.2 Ⱦɞɘɜɤɜɘəɐ ȼɚɘəɑŬ Űɖɠ ɄɚɖɟɞűɞɟɑŬɠ (Social Age of Information) 

ɀɏɢɟɘ ůŰɘɔɛɐɠ ɏɢɞɡɛŮ ŭŮɘ ˊɤɠ ɞɟɑɕŮŰŬɘ ɖ ȼɚɘəɑŬ Űɖɠ ɄɚɖɟɞűɞɟɑŬɠ (Age of 

Information) Űɖɜ ɞˊɞɑŬ əŬɘ ŮɝŮŰɎůŬɛŮ ɔɘŬ ŰŬ ŭɘɎűɞɟŬ ůɡɜŮɢɐ əŬɘ ŭɘŬəɟɘŰɎ ɛɞɜŰɏɚŬ. 

ũɘŬ ŰŬ əɞɘɜɤɜɘəɎ ŭɑəŰɡŬ, ɛˊɞɟɞɨɛŮ ɜŬ ɞɟɑůɞɡɛŮ ɛɘŬ ɛŮŰɟɘəɐ, ˊɞɡ ɗŬ ˊŬɟŬŰɖɟŮɑ ˊɧůɞ 

ˊɟɧůűŬŰɖ ŮɑɜŬɘ ɛɘŬ ˊɚɖɟɞűɞɟɑŬ. ȰŰůɘ, ŮɘůɎɔɞɡɛŮ Űɖ Social Age of Information, ˊɞɡ 

ɛŮŰɟɎŮɘ ˊɧůɞɠ ɢɟɧɜɞɠ ɏɢŮɘ ˊŮɟɎůŮɘ Ŭˊɧ Űɖɜ ŰŮɚŮɡŰŬɑŬ ŭɟŬůŰɖɟɘɧŰɖŰŬ ˊɞɡ ɏɢŮɘ 

ŮˊɘŰŮɡɢɗŮɑ ůŮ ɏɜŬ əɞɘɜɤɜɘəɧ ŭɑəŰɡɞ. ȼ ˊɚɖɟɞűɞɟɑŬ ŬɡŰɐ ɛˊɞɟŮɑ ɜŬ ɞɟɑɕŮŰŬɘ ɤɠ like, 

comment, post əŬɘ ɞˊɞɘŬŭɐˊɞŰŮ Ɏɚɚɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ ɛˊɞɟŮɑ ɜŬ ɔɑɜŮɘ ůŮ ɏɜŬ 

ůɡɔəŮəɟɘɛɏɜɞ ˊɚŬɑůɘɞ ˊɞɡ ŮˊɘŭɏɢŮŰŬɘ əɞɘɜɤɜɘəɏɠ ŭɘŬŭɘəŰɡŬəɏɠ ŮɜɏɟɔŮɘŮɠ. ũɘŬ 

ˊŬɟɎŭŮɘɔɛŬ, ɛˊɞɟŮɑ ɜŬ ɛŮŰɟɖɗŮɑ ˊɧůɞ ˊɟɧůűŬŰɖ ŮɑɜŬɘ ɖ ŰŮɚŮɡŰŬɑŬ ŭɖɛɞůɑŮɡůɖ ůŮ 

ɏɜŬ timeline Ůɜɧɠ ɢɟɐůŰɖ, ɐ Űɞ ŰŮɚŮɡŰŬɑɞ comment ůŮ ɏɜŬ post. ȼ ůɡɔəŮəɟɘɛɏɜɖ 

ɛŮŰɟɘəɐ ŬˊɞŰŮɚŮɑ ůɡɛɓɞɚɐ Űɖɠ ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. 

ȷɜ ɗŮɤɟɐůɞɡɛŮ ɤɠ u Űɖ ůŰɘɔɛɐ ˊɞɡ ɏɚŬɓŮ ˊɟɎɝɖ ɖ ŰŮɚŮɡŰŬɑŬ ŭɟŬůŰɖɟɘɧŰɖŰŬ 

(ŭɖɚŬŭɐ ɖ ŬɜŰɑůŰɞɘɢɖ ɢɟɞɜɞůűɟŬɔɑŭŬ Űɖɠ), ŰɧŰŮ ɛɘŬ ŰɡɢŬɑŬ ůŰɘɔɛɐ t > u, ɖ Social Age 

of Information ŮɑɜŬɘ:  

Ὓὸ ὸ ό φȢρ 
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ɀŮŰŬɝɨ Űɤɜ ŭɘŬŭɞɢɘəɩɜ ˊɚɖɟɞűɞɟɘɩɜ ˊɞɡ ŭɑɜɞɡɜ ɞɘ ɢɟɐůŰŮɠ, ɛŮůɞɚŬɓɞɨɜ əɎˊɞɘŬ 

ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ, ŰŬ ɞˊɞɑŬ ˊŬɑɟɜɞɡɜ ɛɏɔɘůŰɖ Űɘɛɐ Űɖ ůŰɘɔɛɐ ˊɟɘɜ ŭɖɛɞůɘŮɡŰŮɑ ɖ 

ŮˊɧɛŮɜɖ ŭɟŬůŰɖɟɘɧŰɖŰŬ. ȷɡŰɐ ɞɟɑɕŮŰŬɘ əŬɘ ɤɠ peak Social Age of Information əŬɘ 

ŬɜŬˊŬɟɘůŰɎ Űɞ ɢɟɧɜɞ ˊɞɡ ɛŮůɞɚŬɓŮɑ ɛŮŰŬɝɨ Űɤɜ ŭɘŬŭɞɢɘəɩɜ çŬɜŰɘŭɟɎůŮɤɜè. 

Ʉɤɠ ŮɑɜŬɘ ŭɡɜŬŰɧɜ ɧɛɤɠ ɜŬ ŬɜŰɚɖɗɞɨɜ ŬɡŰɎ ŰŬ ŭŮŭɞɛɏɜŬ Ŭˊɧ ɏɜŬ əɞɘɜɤɜɘəɧ ŭɑəŰɡɞ; 

ȷɡŰɧ ɞŭɖɔŮɑ ůŰɖɜ ŬɜŬɕɐŰɖůɖ Űɖɠ ɢɟɖůɘɛɧŰɖŰŬɠ Űɤɜ APIôs. 

 

6.3 APIs 

6.3.1 ȺɘůŬɔɤɔɐ ůŰŬ APIs 

Tɞ API (Application Programming Interface) ŮɑɜŬɘ ȹɘŮˊŬűɐ ɄɟɞɔɟŬɛɛŬŰɘůɛɞɨ 

ȺűŬɟɛɞɔɩɜ ɐ Ŭɚɚɘɩɠ ȹɘŬůɨɜŭŮůɖ ɄɟɞɔɟŬɛɛŬŰɘůɛɞɨ ȺűŬɟɛɞɔɩɜ. Ʉɘɞ 

ůɡɔəŮəɟɘɛɏɜŬ,  ŮɑɜŬɘ ɏɜŬ ŮɜŭɘɎɛŮůɞ ɚɞɔɘůɛɘəɧ ˊɞɡ ˊŬɟɏɢŮɘ ɏɜŬ ɚŮɘŰɞɡɟɔɘəɧ 

ůɨůŰɖɛŬ, ɓɘɓɚɘɞɗɐəɖ ɐ ŮűŬɟɛɞɔɐ ˊɟɞəŮɘɛɏɜɞɡ ɜŬ ŮˊɘŰɟɏˊŮɘ ɜŬ ɔɑɜɞɜŰŬɘ ˊɟɞɠ ŬɡŰɎ 

ŬɘŰɐůŮɘɠ Ŭˊɧ ɎɚɚŬ ˊɟɞɔɟɎɛɛŬŰŬ ɐ/əŬɘ ŬɜŰŬɚɚŬɔɐ ŭŮŭɞɛɏɜɤɜ [17]. 

ȰɜŬ API ŬˊɞŰŮɚŮɑŰŬɘ ůɡɜɐɗɤɠ Ŭˊɧ ɏɜŬ ůɨɜɞɚɞ ɟɞɡŰɘɜɩɜ, ˊɟɤŰɞəɧɚɚɤɜ əŬɘ 

ŮɟɔŬɚŮɑɤɜ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɞɨɜŰŬɘ ɔɘŬ Űɖɜ əŬŰŬůəŮɡɐ ŮűŬɟɛɞɔɩɜ ɚɞɔɘůɛɘəɞɨ. Ⱥɜ 

ɞɚɑɔɞɘɠ, əŬɗɞɟɑɕŮɘ ˊɩɠ ˊɟɏˊŮɘ ɜŬ ŮɜůɤɛŬŰɤɗŮɑ Űɞ ɚɞɔɘůɛɘəɧ əŬɘ ˊɩɠ ɚŮɘŰɞɡɟɔŮɑ ŬɡŰɧ 

Űɞ ɚɞɔɘůɛɘəɧ ůŰɖ ůɡɜɏɢŮɘŬ. ɄŬɟŬŭɑŭŮɘ Űɞ ŬɑŰɖɛɎ Űɞɡ ɢɟɐůŰɖ ůŰɞɜ ˊɎɟɞɢɞ ˊɞɡ ŬɜɐəŮɘ 

ɞ ŰŮɚŮɡŰŬɑɞɠ, əŬɘ ůŰɖ ůɡɜɏɢŮɘŬ ŮˊɘůŰɏűŮɘ Űɖɜ ŬˊɎɜŰɖůɖ ˊɑůɤ ůŰɞɜ ɢɟɐůŰɖ. ɁŬ 

ůɖɛŮɘɤɗŮɑ ˊɤɠ, ɔɘŬ ɧůɞ ɞ ˊɎɟɞɢɞɠ ɡˊɖɟŮůɘɩɜ ˊŬɟŬŭɑŭŮɘ ŬˊŬɜŰɐůŮɘɠ ůŰɞ ŰŮɚɘəɧ 

ůɖɛŮɑɞ, ɞɘ ɛŮŰŬɓɞɚɏɠ ůŰɖɜ ɡˊɞŭɞɛɐ ˊɑůɤ Ŭˊɧ Űɞ ŰŮɚɘəɧ ůɖɛŮɑɞ ŭŮɜ ŮɑɜŬɘ ɞɟŬŰɏɠ Ŭˊɧ 

Űɘɠ ŮűŬɟɛɞɔɏɠ ˊɞɡ ɓŬůɑɕɞɜŰŬɘ ůŰɞ ůɡɔəŮəɟɘɛɏɜɞ API. ɋɠ Ůə ŰɞɨŰɞɡ, ɞ ˊɎɟɞɢɞɠ 

ɡˊɖɟŮůɘɩɜ ŭɑɜŮɘ ɛŮɔɎɚɖ ŮɡŮɚɘɝɑŬ ůŮ ɧ,Űɘ ŬűɞɟɎ Űɘɠ ˊɟɞůűŮɟɧɛŮɜŮɠ ɡˊɖɟŮůɑŮɠ. 

ɇŬ ˊŮɟɘůůɧŰŮɟŬ ɚŮɘŰɞɡɟɔɘəɎ ˊŮɟɘɓɎɚɚɞɜŰŬ ˊŬɟɏɢɞɡɜ API ɧˊɤɠ əŬɘ ɞɘ ˊŮɟɘůůɧŰŮɟɞɘ 

ɛŮɔɎɚɞɘ ɘůŰɧŰɞˊɞɘ ŬɡŰɏɠ Űɘɠ ɛɏɟŮɠ. ȷɡŰɎ ŰŬ API ˊŬɟɏɢɞɜŰŬɘ ɔɘŬ ɜŬ ŭɘŮɡəɞɚɨɜɞɡɜ 

Űɞɡɠ ˊɟɞɔɟŬɛɛŬŰɘůŰɏɠ ɜŬ ůɡɜŭɏůɞɡɜ Űɞ ŭɘəɧ Űɞɡɠ ɚɞɔɘůɛɘəɧ ɛŮ Űɞ ɚŮɘŰɞɡɟɔɘəɧ 

ůɨůŰɖɛŬ ɐ Űɞɜ ɘůŰɧŰɞˊɞ. 

 

 

https://el.wikipedia.org/wiki/%CE%9B%CE%B5%CE%B9%CF%84%CE%BF%CF%85%CF%81%CE%B3%CE%B9%CE%BA%CF%8C_%CF%83%CF%8D%CF%83%CF%84%CE%B7%CE%BC%CE%B1
https://el.wikipedia.org/wiki/%CE%9B%CE%B5%CE%B9%CF%84%CE%BF%CF%85%CF%81%CE%B3%CE%B9%CE%BA%CF%8C_%CF%83%CF%8D%CF%83%CF%84%CE%B7%CE%BC%CE%B1
https://el.wikipedia.org/wiki/%CE%92%CE%B9%CE%B2%CE%BB%CE%B9%CE%BF%CE%B8%CE%AE%CE%BA%CE%B7_(%CF%85%CF%80%CE%BF%CE%BB%CE%BF%CE%B3%CE%B9%CF%83%CF%84%CE%AD%CF%82)
https://meuip.co/
https://meuip.co/
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6.3.2 Social Networks APIs  

ũɘŬ ɜŬ ŬɜŰɚɐůɞɡɛŮ ɛŬɕɘəɎ ŰŬ ŭŮŭɞɛɏɜŬ ɛɘŬɠ ŭɟŬůŰɖɟɘɧŰɖŰŬɠ Ŭˊɧ ŰŬ əɞɘɜɤɜɘəɎ 

ŭɑəŰɡŬ ɩůŰŮ ɜŬ ɛˊɞɟɞɨɛŮ ɜŬ ŰŬ ŮˊŮɝŮɟɔŬůŰɞɨɛŮ əŬɘ ɜŬ ŰŬ ŬɜŬɚɨůɞɡɛŮ 

ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ŰŬ APIôs Űɞɡɠ. 

ɄŬɟô ɧŰɘ ŰŬ əɞɘɜɤɜɘəɎ ŭɑəŰɡŬ ɐŰŬɜ ŬɟɢɘəɎ ůɢŮŭɘŬůɛɏɜŬ ɩůŰŮ ɜŬ ůɡɔəɟŬŰɞɨɜ Űɖɜ 

ŮɛˊŮɘɟɑŬ Űɞɡ ɢɟɐůŰɖ ůŮ ŬɡŰɎ ˊɞɡ ˊɟɞůűɏɟŮɘ ɖ ɘůŰɞůŮɚɑŭŬ Űɞɡɠ, ŭɖɛɘɞɡɟɔɐɗɖəŮ ɖ 

ŬɜɎɔəɖ ɜŬ ŮˊŮəŰŮɑɜɞɡɜ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɞɡɠ ˊŬɟɏɢɞɜŰŬɠ ŭɘəɎ Űɞɡɠ APIôs. ɇŬ ŰŮɚŮɡŰŬɑŬ 

ŮˊɘŰɟɏˊɞɡɜ ůŮ ɎɚɚŮɠ ŮűŬɟɛɞɔɏɠ əŬɘ ɘůŰɧŰɞˊɞɡɠ ɜŬ ŬɜŰɚɞɨɜ ŰŬ ŭŮŭɞɛɏɜŬ Űɤɜ ɛɏůɤɜ 

əɞɘɜɤɜɘəɐɠ ŭɘəŰɨɤůɖɠ əŬɘ ɜŬ ŮɜůɤɛŬŰɩɜɞɜŰŬɘ ůŰɞɜ ɘůŰɧŰɞˊɞ ɐ Űɖɜ ŮűŬɟɛɞɔɐ Űɞɡɠ. 

ȰŰůɘ, ŭɑɜɞɡɜ Űɖ ŭɡɜŬŰɧŰɖŰŬ ůŮ third-party developers ɜŬ ůɡɜŭɏůɞɡɜ Űɞ ŭɘəɧ Űɞɡɠ 

ɚɞɔɘůɛɘəɧ ɛŮ Űɞ əɞɘɜɤɜɘəɧ ŭɑəŰɡɞ əŬɘ ɜŬ ŬɜŬˊŰɨɝɞɡɜ ŮűŬɟɛɞɔɏɠ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ 

ɓŮɚŰɘɩůɞɡɜ Űɖ ɢɟɐůɖ əŬɘ Űɖ ɚŮɘŰɞɡɟɔɑŬ Űɖɠ əŮɜŰɟɘəɐɠ ˊɚŬŰűɧɟɛŬɠ. 

ȸɏɓŬɘŬ, ˊŬɟɏɢɞɡɜ ˊŮɟɘɞɟɘůɛɏɜŮɠ ŭɡɜŬŰɧŰɖŰŮɠ, əɚɐůŮɘɠ ɐ ŮɟɤŰɐɛŬŰŬ ˊɞɡ ɛˊɞɟɞɨɜ ɜŬ 

ŮəŰŮɚŮůŰɞɨɜ Ŭˊɧ Űɞɜ ˊɟɞɔɟŬɛɛŬŰɘůŰɐ əŬɘ ŬˊŬɘŰɞɨɜ ɜŬ ŭɖɛɘɞɡɟɔɐůŮɘ ɏɜŬ əɚŮɘŭɑ API 

ˊɟɘɜ Ŭˊɧ Űɖ ɢɟɐůɖ Űɞɡ. 

 

6.3.3 Facebook API 

ũŮɜɘəɎ, Űɞ Facebook ŮɑɜŬɘ ɚɘɔɧŰŮɟɞ ŬɜɞɘɢŰɧ ůŮ ůɢɏůɖ ɛŮ ɛŮɟɘəɎ ɎɚɚŬ əɞɘɜɤɜɘəɎ 

ŭɑəŰɡŬ, ɧˊɤɠ Űɞ Twitter, ɧůɞɜ ŬűɞɟɎ Űɖɜ əɞɘɜɐ ɢɟɐůɖ ˊɚɖɟɞűɞɟɘɩɜ. ɇɞ ŬˊɧɟɟɖŰɞ 

ŮɑɜŬɘ ˊɘɞ ŬɡůŰɖɟɧ ŮˊŮɘŭɐ, əŬŰɎ ɓɎůɖ, ɞɘ Ɏɜɗɟɤˊɞɘ ɛɞɘɟɎɕɞɜŰŬɘ ˊŮɟɘůůɧŰŮɟŬ 

ˊɟɞůɤˊɘəɎ ŭŮŭɞɛɏɜŬ ůŰɞ Facebook. 

ȺɑɜŬɘ ŭɡɜŬŰɧɜ ɜŬ ɢɟɖůɘɛɞˊɞɘɐůɞɡɛŮ ŰŬ API Űɞɡ Facebook ɔɘŬ ɜŬ ŮɝɎɔɞɡɛŮ ŭŮŭɞɛɏɜŬ 

ůɢŮŰɘəɎ ɛŮ ɎŰɞɛŬ. ɇɞ Űɘ əŬɘ ˊɧůŬ ŭŮŭɞɛɏɜŬ ɛˊɞɟŮɑ ɜŬ ŮɝɎɔŮɘ əŬɜŮɑɠ, ŮɝŬɟŰɎŰŬɘ Ŭˊɧ 

Űɘɠ ɟɡɗɛɑůŮɘɠ ŬˊɞɟɟɐŰɞɡ Űɞɡɠ, ŰŬ ˊɟɞɜɧɛɘŬ ˊɞɡ ɏɢɞɡɜ ˊŬɟŬɢɤɟɐůŮɘ ůŰɖɜ ŮəɎůŰɞŰŮ 

ŮűŬɟɛɞɔɐ əɚˊ. ȷɜ əŬɘ ŮɑɜŬɘ əɎˊɤɠ ŬɛűɘůɓɖŰɐůɘɛɞ əŬɘ ɛɎɚɚɞɜ ŬɜŰɑəŮɘŰŬɘ ůŰɞɡɠ 

ɧɟɞɡɠ ɢɟɐůɖɠ Űɞɡ Facebook, ŮɑɜŬɘ ŰŮɢɜɘəɎ ŭɡɜŬŰɧ ɜŬ ŭɖɛɘɞɡɟɔɖɗŮɑ ɏɜŬɠ ɚɞɔŬɟɘŬůɛɧɠ 

əŬɘ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɏɜŬ Token OAuth ɔɘŬ Űɖ ůɡɚɚɞɔɐ ŭŮŭɞɛɏɜɤɜ ůɢŮŰɘəɎ ɛŮ 

ɎŰɞɛŬ ˊɞɡ Űɞ ɏɢɞɡɜ (Ŭɜ əŬɘ ɞ ɧɔəɞɠ Űɤɜ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɛˊɞɟŮɑ ɜŬ ůɡɚɚŮɢɗŮɑ, ˊɎɚɘ, 

ŮɝŬɟŰɎŰŬɘ Ŭˊɧ Űɘɠ ɟɡɗɛɑůŮɘɠ ŬˊɞɟɟɐŰɞɡ Űɞɡɠ). 
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ɇŬ Token OAuth ŮɑɜŬɘ ŮɘŭɘəɎ ɔɘŬ Űɞɜ ɢɟɐůŰɖ. ȳŰŬɜ ɏɜŬɠ ɢɟɐůŰɖɠ ůɡɜŭɏŮŰŬɘ əŬɘ 

ŮɝɞɡůɘɞŭɞŰŮɑ ɛɘŬ ŮűŬɟɛɞɔɐ ɜŬ ɏɢŮɘ ˊɟɧůɓŬůɖ ůŰɞɜ ɚɞɔŬɟɘŬůɛɧ Űɞɡ,  ŭɑɜŮŰŬɘ ɏɜŬ 

token ˊɞɡ ɛˊɞɟŮɑ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɔɘŬ ŬɡŰɧɜ Űɞɜ ůəɞˊɧ. ɀˊɞɟɞɨɜ ɜŬ 

ˊɟŬɔɛŬŰɞˊɞɘɖɗɞɨɜ ŬɜɩɜɡɛŬ ŬɘŰɐɛŬŰŬ Graph API, əŬɗɩɠ ŭŮɜ ŬˊŬɘŰŮɑŰŬɘ ůŮ əɎɗŮ 

ŬɑŰɖɛŬ access token. ɋůŰɧůɞ, ŰŬ ŭŮŭɞɛɏɜŬ ůɢŮŰɘəɎ ɛŮ Űɞɡɠ ɢɟɐůŰŮɠ ˊŮɟɘɞɟɑɕɞɜŰŬɘ ůŮ 

ŬɡŰɐ Űɖɜ ˊŮɟɑˊŰɤůɖ. 

ɇŬ ŰŮɚŮɡŰŬɑŬ ɢɟɧɜɘŬ ɏɢɞɡɜ ŬɡůŰɖɟɞˊɞɘɖɗŮɑ ŬəɧɛŬ ˊŮɟɘůůɧŰŮɟɞ ɞɘ ɎŭŮɘŮɠ ˊɞɡ 

ŭɑɜɞɜŰŬɘ ɔɘŬ çɎɜŰɚɖůɖè ˊɚɖɟɞűɞɟɘɩɜ Ŭˊɧ Űɞ Facebook API. ȰɜŬɠ ɢɟɐůŰɖɠ ɛˊɞɟŮɑ ɜŬ 

əɎɜŮɘ ŬɑŰɖɛŬ ɛɧɜɞ ɔɘŬ ɜŬ ˊɎɟŮɘ ŰŬ ŭɘəɎ Űɞɡ likes ɐ comments, ɚɧɔɤ ɘŭɘɤŰɘəɧŰɖŰŬɠ 

əŬɘ ˊɟɞůŰŬůɑŬɠ Űɤɜ ˊɟɞůɤˊɘəɩɜ ŭŮŭɞɛɏɜɤɜ. ȺɘŭɘəɧŰŮɟŬ ɢɟɖůɘɛɞˊɞɘɩɜŰŬɠ Űɞ user 

access token, ŮˊɘůŰɟɏűɞɜŰŬɘ əŮɜɎ ŭŮŭɞɛɏɜŬ ɔɘŬ ŭɘŬűɧɟɞɡɠ əɧɛɓɞɡɠ. 

ɄŬɟŬəɎŰɤ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɞ əɩŭɘəŬɠ ɛŮ Űɞɜ ɞˊɞɑɞ ɛˊɞɟɞɨɛŮ ɜŬ ŮəɛŬɘŮɨůɞɡɛŮ Ŭˊɧ Űɞ 

Facebook Űɘɠ ˊɟɞůɤˊɘəɏɠ ɛŬɠ ˊɚɖɟɞűɞɟɑŮɠ (ůŮ ŬɟɢŮɑɞ txt) ɧˊɤɠ ŰŬ likes ˊɞɡ ɏɢɞɡɛŮ 

əɎɜŮɘ ůŮ ůŮɚɑŭŮɠ əŬɗɩɠ əŬɘ Űɖ ɟɞɐ ŮɘŭɐůŮɤɜ ɛŮ ŰŬ ŬɜŰɑůŰɞɘɢŬ timestamps. ɄŬɟô ɧɚŬ 

ŬɡŰɎ, ɧˊɤɠ ŮɑˊŬɛŮ ŬɡŰɎ Ŭűɞɟɞɨɜ ŰŬ ŬŰɞɛɘəɎ ŭŮŭɞɛɏɜŬ. 

 

import  facebook  

import  datetime  

 

token = 'an access tokenô 

user_id = 'the id of the userô 

 

def  get_likes_api  ():  

    try :  

        graph = facebook . GraphAPI(access_token = token , version =3.1 )  

        likes = graph . request ( '/user_id/likes' ) [ 'data' ]  

        user = graph . request ( '/user_id?fields=name' )  

         

        newlist = []  

        timelist = []  

        for  dic in  likes:  

            newlist . append(dic[ 'name' ])  

            timelist . append(dic[ 'created_time' ])  

         

        finallist = list ( zip (newlist,timelist))     

         

        if  newlist != []:  

            now = datetime . datetime . now()  

            filename = str (user[ 'name' ]) + ' - likes - on'  +              

            now. strftime( ' - %y- %m- %d- '  + '@- %H- %M')  

             

            with  open (filename + '.txt' , 'w' ) as  fp:  

               fp . write( ' \ n' . join( '%s %s'  % x for  x in  finallist))  
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            print ( 'likes successfully retrieved.' )  

         

        else :  

             print ( 'There were no likes.' )  

         

    except  Exception  as  e:  

            print (e)  

 

 

def  get_feed_api  ():  

    try :  

        graph = facebook . GraphAPI(access_token = token , version =3.1 )  

        feed = graph . request ( '/user_id/feed' ) [ 'data' ]  

        user = graph . request ( '/user_id?fields=name' )  

         

        newlist = []  

        timelist = []  

        for  dic in  feed:  

            newlist . append(dic[ 'id' ])  

            timelist . append(dic[ 'created_time' ])  

         

        finallist = list ( zip (newlist,timelist))     

         

        if  newlist != []:  

            now = datetime . datetime . now()  

            filename = str (user[ 'name' ]) + ' - feed - on'  +    

            now. strftime( ' - %y- %m- %d- '  + '@- %H- %M')  

             

            with  open (filename + '.txt' , 'w' ) as  fp:  

               fp . write( ' \ n' . join( '%s %s'  % x for  x in  finallist))  

                

                

            print ( 'Feed successfully retrieved.' )  

         

        else :  

             print ( 'There was no posts in feed.' )  

         

    except  Exception  as  e:  

            print (e)  

 

 

ɼ˗ʵʽˁʰˌ 6.1 ς ɳ˅ʰʴ˖ʴʺ ʰˍˇ˃ʽˁ˗˄ ˉ˂ʹˊˇ˒ˇˊʽ˗˄ ʰˉˈ Facebook API. 
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ȾŮűɎɚŬɘɞ 7: ɄŬɟɞɡůɑŬůɖ Dataset əŬɘ Data Analysis 

 

7.1 ȯɜŰɚɖůɖ əŬɘ ȺˊŮɝŮɟɔŬůɑŬ ȹŮŭɞɛɏɜɤɜ Ŭˊɧ Űɞ Dataset 

ȹŮŭɞɛɏɜɞɡ Űɖɠ ŬŭɡɜŬɛɑŬɠ, ɚɧɔɤ Űɞɡ ŬɡůŰɖɟɞɨ ŬˊɞɟɟɐŰɞɡ, ɜŬ ŬɜŰɚɐůɞɡɛŮ Űɖɜ 

ˊɞůɧŰɖŰŬ ŬɚɚɎ əŬɘ Űɖɜ ˊɞɘɧŰɖŰŬ ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɢɟŮɘŬɕɧɛŬůŰŮ ɛɏůɤ Űɞɡ Facebook 

API, ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ɏɜŬ ɏŰɞɘɛɞ dataset ˊɞɡ ˊŮɟɘɏɢŮɘ ɛŮŰŬɝɨ Ɏɚɚɤɜ Űɖɜ Ŭəɟɘɓɐ 

ɖɛŮɟɞɛɖɜɑŬ əŬɘ ɩɟŬ Űɤɜ comments ŭɘŬűɧɟɤɜ post.  

ɇɞ dataset ŬɡŰɧ ˊɟɞɏɟɢŮŰŬɘ Ŭˊɧ [18]. 

ȺɛŮɑɠ ŮˊɘɚɏɔɞɡɛŮ ɏɜŬ post ɛŮ status id : 644891892279936_803410486428075 Űɞ 

ɞˊɞɑɞ əŬɘ ŮˊŮɝŮɟɔŬɕɧɛŬůŰŮ ɔɘŬ ɜŬ ɢɟɖůɘɛɞˊɞɘɖɗŮɑ ůɤůŰɎ ɔɘŬ Űɘɠ ŬɜɎɔəŮɠ Űɖɠ ɛŮɚɏŰɖɠ 

ˊɞɡ ɗŬ ɔɑɜŮɘ. ɆɡɔəŮəɟɘɛɏɜŬ, ˊŮɟɘɏɢŮɘ 636 comments ŰŬ ɞˊɞɑŬ əŬɘ ŰŬɝɘɜɞɛɞɨɛŮ ɛŮ 

ŬɡɝŬɜɧɛŮɜɖ ůŮɘɟɎ ůɢŮŰɘəɎ ɛŮ Űɞ ˊɧŰŮ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ. 

Ⱥˊɑůɖɠ, ɡˊɞɚɞɔɑɕɞɡɛŮ Űɞɡɠ ɢɟɧɜɞɡɠ (ůŮ seconds) ɛŮŰŬɝɨ Űɤɜ ŭɘŬŭɞɢɘəɩɜ comments 

əŬɗɩɠ əŬɘ Űɞ ɢɟɧɜɞ ˊɞɡ ɏɢŮɘ ˊŮɟɎůŮɘ Ŭˊɧ Űɞ ˊɟɩŰɞ comment (ůŮ seconds) ɧˊɞɡ 

ɗŮɤɟŮɑŰŬɘ ɖ ůŰɘɔɛɐ ɛɖŭɏɜ. 

 

 

ʅ˔ʺ˃ʰ 7.1 ς ɾʷˊˇˌ ˍˇˎ dataset ̄ ˇˎ ʶˉʶ˅ʶˊʴʱˋˍʹˁʶ ˁʰʽ ˔ˊʹˋʽ˃ˇˉˇʽʺʻʹˁʶΦ  

 

ɄŬɟŬəɎŰɤ ɓɚɏˊɞɡɛŮ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ comments ɧˊɤɠ ˊɟɞəɨˊŰŮɘ ůŮ ůɢɏůɖ ɛŮ Űɘɠ 

ɖɛŮɟɞɛɖɜɑŮɠ. 



 

57 
 

 

 

ʅ˔ʺ˃ʰ 7.2 ς ɶ ˉˇˊʶʾʰ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ comments ̀ ˍˇ ̀ ˎ˄ˇ˂ʽˁˈ post ̀ ʶ ˋ˔ʷˋʹ ˃ʶ ˍʽˌ ʹ˃ʶˊˇ˃ʹ˄ʾʶˌ 

 

ȸɚɏˊɞɡɛŮ ˊɤɠ ɖ ůɡɜŰɟɘˊŰɘəɐ ˊɚŮɘɞɣɖűɑŬ Űɤɜ comments ɏɢŮɘ ɔɑɜŮɘ Űɘɠ ˊɟɩŰŮɠ ɛɏɟŮɠ, 

Ůɜɩ ɧůɞ ˊŮɟɜɎɜŮ ɞɘ ɛɏɟŮɠ ɔɑɜɞɜŰŬɘ ŮɚɎɢɘůŰŬ. ȰŰůɘ, ɗŬ ŮɟŮɡɜɐůɞɡɛŮ Űɘ ůɡɛɓŬɑɜŮɘ ůŰɞ 

post Űɘɠ ˊɟɩŰŮɠ 4 ɖɛɏɟŮɠ (08/10 ï 11/10), ɧˊɞɡ ɏɢɞɡɛŮ Űɞ ɛŮɔŬɚɨŰŮɟɞ ŭŮɑɔɛŬ əŬɘ ɗŬ 

ɔɑɜŮɘ ˊɘɞ ɞɡůɘŬůŰɘəɐ ɛŮɚɏŰɖ ɛŮ ˊɘɞ ɟŮŬɚɘůŰɘəɎ ŬˊɞŰŮɚɏůɛŬŰŬ. ȷɡŰɧ Ŭˊɧ Ůŭɩ əŬɘ ůŰɞ 

Ůɝɐɠ ɗŬ ɗŮɤɟɞɨɛŮ ˊɤɠ ŮɑɜŬɘ Űɞ post ˊɞɡ ŮɟŮɡɜɞɨɛŮ. 

 

 

ʅ˔ʺ˃ʰ 7.3 ς ʃ˂ʺʻˇˌ comments ̀ ˍˇ post h ˄ʱ ʹ˃ʷˊʰΦ  
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ɆŰɞ ŭɘɎůŰɖɛŬ ŬɡŰɧ, ɚɞɘˊɧɜ, ɔɑɜɞɜŰŬɘ 523 comments, ɧˊɤɠ űŬɑɜŮŰŬɘ əŬɘ ˊŬɟŬəɎŰɤ: 

 

 

όʰύ          όʲύ 

ʅ˔ʺ˃ʰ 7.4 ς ɶ ˉˇˊʶʾʰ ˍˇˎ ʰˊʽʻ˃ˇˏ ˍ˖˄ comments ɹ ʽʰ ˍʽˌ п ˉˊ˗ˍʶˌ ʹ˃ʷˊʶˌ όʰύ ˖ˌ ˉˊˇˌ ˍʽˌ 

ʹ˃ʶˊˇ˃ʹ˄ʾʶˌ ˁʰʽ όʲύ ˖ˌ ˉˊˇˌ ˍˇ ˔ˊˈ˄ˇ 

 

7.2 ȺɨɟŮůɖ Social Age of Information 

ɀŮ ɓɎůɖ Űɞɡɠ ɞɟɘůɛɞɨɠ ˊɞɡ ŭɩɗɖəŬɜ ˊɟɞɖɔɞɡɛɏɜɤɠ, ɖ Social Age of Information 

Űɤɜ comments, ůŰɞ post, ŮɑɜŬɘ ɞ ɢɟɧɜɞɠ ˊɞɡ ɏɢŮɘ ˊŮɟɎůŮɘ Ŭˊɧ Űɞ ŰŮɚŮɡŰŬɑɞ comment. 

ȼ ˊɞɟŮɑŬ Űɖɠ ɔɘŬ ɏɜŬ ɛɏɟɞɠ Űɞɡ post ŮɑɜŬɘ:  

 

 

ʅ˔ʺ˃ʰ 7.5 ς ɶ ʁ ˅ʷ˂ʽ˅ʹ ̱ ʹˌ Social Age of Information ̀ ʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ˔ˊˈ˄ˇΦ  
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ȼ Űɘɛɐ Űɖɠ Social AoI ŬɟɢɑɕŮɘ ɜŬ ŬɡɝɎɜŮŰŬɘ ɔɟŬɛɛɘəɎ ɛɏɢɟɘ Űɖ ŭɖɛɞůɑŮɡůɖ Űɞɡ 

ŮˊɧɛŮɜɞɡ comment, ůŰɘɔɛɐ ůŰɖɜ ɞˊɞɑŬ əŬɘ ɛɖŭŮɜɑɕŮŰŬɘ. ȷɡŰɧ ɔɑɜŮŰŬɘ ɔɘŬ əɎɗŮ 

ŭɘɎůŰɖɛŬ ɛŮŰŬɝɨ Űɤɜ comments, ˊŬɑɟɜɞɜŰŬɠ ɛɏɔɘůŰɖ Űɘɛɐ Űɖ ůŰɘɔɛɐ Ŭəɟɘɓɩɠ ˊɟɘɜ 

Űɖɜ çɎűɘɝɖè Űɞɡ Ůˊɞɛɏɜɞɡ. ɆŰɞ ɆɢɐɛŬ 7.5, Űɞ əɎɗŮ ɛɏɔɘůŰɞ ˊŬɟɞɡůɘɎɕŮŰŬɘ ɤɠ ɛɘŬ 

əɞɟɡűɐ Űɖɠ Social AoI ˊɟɘɜ Űɖɜ ŬˊɧŰɞɛɖ əɎɗɞŭɞ Űɖɠ ůŰɞ ɛɖŭɏɜ. 

ȼ Űɘɛɐ, ŬɡŰɐ, ˊɟɞůŭɘɞɟɑɕŮŰŬɘ Ŭˊɧ Űɖ ɛŮŰɟɘəɐ ˊɞɡ ɞɜɞɛɎůŬɛŮ peak Social Age of 

Information ɔɘŬ əɎɗŮ comment ɝŮɢɤɟɘůŰɎ. ȼ ɛŮŰŬɓɚɖŰɐ ˊɞɡ Űɖɜ ˊŮɟɘɔɟɎűŮɘ ɞɟɑɕŮŰŬɘ 

ɤɠ P əŬɘ ɖ Ůɝɏɚɘɝɖ Űɖɠ űŬɑɜŮŰŬɘ ůŰɞ ɆɢɐɛŬ 7.6: 

 

 

ʅ˔ʺ˃ʰ 7.6 ς ɶ ʁ ˅ʷ˂ʽ˅ʹ ̱ ʹˌ Peak Social Age of Information ̀ ʶ ˋ˔ʷˋʹ ˃ʶ ˍˇ ˔ˊˈ˄ˇΦ  

 

Ƀɘ Űɘɛɏɠ Űɖɠ peak Social AoI, ŮɑɜŬɘ ŭɘŬəɟɘŰɏɠ əŬɘ ɖ ůɡɜŮɢɐɠ ɔɟŬɛɛɐ ŮɛűŬɜɑɕŮŰŬɘ ɔɘŬ 

ɜŬ ɡˊɞŭŮɑɝŮɘ Űɖɜ Ŭəɟɘɓɐ ˊɞɟŮɑŬ ˊɞɡ Ŭəɞɚɞɡɗɞɨɜ.  

 

7.3 Fit Űɖɠ Peak Social Age of Information 

ŪŬ ŬɜŬɕɖŰɐůɞɡɛŮ Ŭɜ Űɞ ůɨɜɞɚɞ Űɤɜ Űɘɛɩɜ Űɖɠ, ŬəɞɚɞɡɗŮɑ ɏůŰɤ əŬɘ əŬŰɎ ˊɟɞůɏɔɔɘůɖ 

əɎˊɞɘŬ Ŭˊɧ ŰŬ Űɘɠ ɔɜɤůŰɏɠ əŬŰŬɜɞɛɏɠ. ȺˊŮɘŭɐ, ɧɛɤɠ, ŰŬ ŮɟɔŬɚŮɑŬ ˊɞɡ ɏɢɞɡɛŮ ůŰɖɜ 

python ŭɘŮɡəɞɚɨɜɞɡɜ Űɞ data fitting ɛŮ ůɡɜŮɢŮɑɠ əŬŰŬɜɞɛɏɠ əŬɘ ɧɢɘ ɛŮ ŭɘŬəɟɘŰɏɠ, ɗŬ 

ɓɟɞɨɛŮ Űɖ ůɡɜŮɢɐ əŬŰŬɜɞɛɐ ˊɞɡ ŰŬɘɟɘɎɕŮɘ əŬɚɨŰŮɟŬ ɛŮ Űɘɠ Űɘɛɏɠ Űɞɡ peak Social AoI. 

ɄɟɩŰŬ Ŭˊô ɧɚŬ, ˊŬɟɞɡůɘɎɕŮŰŬɘ Űɞ ɘůŰɧɔɟŬɛɛŬ Űɖɠ : 
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ʅ˔ʺ˃ʰ 7.7 ς ʆˇ ʽˋˍˈʴˊʰ˃˃ʰ ˍ˖˄ ˍʽ˃˗˄ ˍʹˌ Peak Social Age of Information.  

 

ȺɑɜŬɘ ŮɛűŬɜɏɠ Ŭˊɧ Űɞ ɆɢɐɛŬ 7.7 ˊɤɠ Űɞ ɛŮɔŬɚɨŰŮɟɞ ˊɚɐɗɞɠ Űɤɜ Űɘɛɩɜ Űɖɠ P ŮɑɜŬɘ 

əɎŰɤ Ŭˊɧ 1000 sec. ȷˊɧ Űɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ əŬŰŬɜɏɛɞɜŰŬɘ, ɗŬ ɔɑɜŮɘ ŬɜŬɕɐŰɖůɖ 

Űɖɠ ůɡɜŮɢɞɨɠ əŬŰŬɜɞɛɐɠ ɛŮ Űɖɜ ɞˊɞɑŬ ɔɑɜŮŰŬɘ əŬɚɨŰŮɟɞ fit . 

 

7.3.1 Fitter 

ɄɟɩŰŬ ɢɟɖůɘɛɞˊɞɘɞɨɛŮ Űɞ ˊŬəɏŰɞ Fitter, ɛŮ Űɞ ɞˊɞɑɞ ůəŬɜɎɟɞɜŰŬɘ ɞɘ əŬŰŬɜɞɛɏɠ ˊɞɡ 

ɗɏɚɞɡɛŮ əɎɜɞɜŰŬɠ fit  ɛŮ ŬɡŰɏɠ. ɆŰɖ ůɡɜɏɢŮɘŬ, ŭɑɜŮŰŬɘ ɛɑŬ ůɨɜɞɣɖ ůɢŮŰɘəɎ ɛŮ Űɞ ˊɞɘŮɠ 

ŮɑɜŬɘ ɞɘ əŬɚɨŰŮɟŮɠ əŬŰŬɜɞɛɏɠ ɞɘ ɞˊɞɑŮɠ ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɖɜ Űɘɛɐ ŬɗɟɞɑůɛŬŰɞɠ Űɞɡ 

ŰŮŰɟŬɔɩɜɞɡ Űɤɜ ůűŬɚɛɎŰɤɜ ˊɞɡ ŮˊɘŰɡɔɢɎɜɞɡɜ (Sum of the Square Errors - SSE). ȼ 

SSE ɛŮŰɟɎŮɘ Űɞ ˊɞůɧ Űɞɡ ůűɎɚɛŬŰɞɠ ɛŮŰŬɝɨ Űɖɠ ůɡɜɎɟŰɖůɖɠ Űɖɠ əŬŰŬɜɞɛɐɠ əŬɘ Űɤɜ 

ŭŮŭɞɛɏɜɤɜ ˊɞɡ ɏɢɞɡɛŮ, əŬɗɞɟɑɕɞɜŰŬɠ ɞɡůɘŬůŰɘəɎ ˊɧůɞ əŬɚɎ ɔɑɜŮŰŬɘ Űɞ data fitting. 

ɄɟɞűŬɜɩɠ, ɧůɞ ɢŬɛɖɚɧŰŮɟɖ ŮɑɜŬɘ ŬɡŰɐ ɖ Űɘɛɐ Űɧůɞ əŬɚɨŰŮɟŬ ŰŬɘɟɘɎɕŮɘ ɖ əŬŰŬɜɞɛɐ 

ůŰŬ ŭŮŭɞɛɏɜŬ. 

ɄŬɟŬəɎŰɤ űŬɑɜŮŰŬɘ ɞ əɩŭɘəŬɠ ˊɞɡ ɢɟɖůɘɛɞˊɞɘɐɗɖəŮ ůŮ ɔɚɩůůŬ ˊɟɞɔɟŬɛɛŬŰɘůɛɞɨ 

python ɔɘŬ ɜŬ ɡɚɞˊɞɘɖɗŮɑ Űɞ data fitting ɔɘŬ Űɖɜ peak Social AoI: 
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from  fitter  import  Fitter  

import  pandas  as  pd 

 

df = pd. read_excel( 'data.xlsx' , sheet_name =0)  

saoi = df [ "peak social aoi" ]  

 

f = Fitter(saoi,       

    distributions =[ 'expon' , 'gamma' , 'norm' , 'uniform' , 'laplace' ])  

f . fit()  

f . summary()  

 

ɼ˗ʵʽˁʰˌ тΦм ς ʇ˂ˇˉˇʾʹˋʹ data fitting ˃ʶ Fitter. 

 

ȷˊɧ Űɞɜ ȾɩŭɘəŬ 7.1, ŬɟɢɘəɎ ˊɟɞɏəɡɣŮ Űɞ ́ɤɠ ŰŬɘɟɘɎɕɞɡɜ ɔɟŬűɘəɎ ɞɘ əŬŰŬɜɞɛɏɠ ůŰɞ 

ɘůŰɧɔɟŬɛɛŬ Űɤɜ ŭŮŭɞɛɏɜɤɜ ɛŬɠ. ɃˊŰɘəɎ, Ŭˊɧ Űɞ ɆɢɐɛŬ 7.8 ɓɔŬɑɜŮɘ Űɞ ůɡɛˊɏɟŬůɛŬ 

ˊɤɠ ɖ ŮəɗŮŰɘəɐ əŬŰŬɜɞɛɐ ŮɑɜŬɘ ˊɘɞ əɞɜŰɎ ůŰɞɜ Űɟɧˊɞ ɛŮ Űɞɜ ɞˊɞɑɞ əŬŰŬɜɏɛɞɜŰŬɘ ɞɘ  

Űɘɛɏɠ Űɖɠ P. 

 

 

ʅ˔ʺ˃ʰ 7.8 ς Fitting ̱ ˖˄ ˁ ʰˍʰ˄ˇ˃˗˄ ˋˍˇ ̔ ˋˍˈʴˊʰ˃˃ʰ ̱ ˖˄ ̱ ʽ˃˗˄ ̱ ʹˌ Peak Social Age of Information.  

 

ȷɡŰɧ űŬɑɜŮŰŬɘ əŬɘ Ŭˊɧ Űɞɜ ɄɑɜŬəŬ 7.1, ɧˊɞɡ ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ 5 ɔɜɤůŰɏɠ əŬɘ 

ůɡɜɐɗŮɘɠ əŬŰŬɜɞɛɏɠ ˊɞɡ ɗɏůŬɛŮ ɜŬ əɎɜɞɡɜ fit  ůŰŬ ŭŮŭɞɛɏɜŬ ɛŬɕɑ ɛŮ Űɘɠ Űɘɛɏɠ Űɞɡ 

SSE ɔɘŬ əɎɗŮ ɛɘŬ. ȼ ŮəɗŮŰɘəɐ əŬŰŬɜɞɛɐ ɏɢŮɘ Űɖ ɛɘəɟɧŰŮɟɖ SSE əŬɘ ɛɎɚɘůŰŬ ŬɟəŮŰɎ 

ɘəŬɜɞˊɞɘɖŰɘəɐ ɔɘŬ ɜŬ ˊɟɞůŭɘɞɟɑůŮɘ Űɖ ŭɘŬůˊɞɟɎ Űɤɜ ŭŮŭɞɛɏɜɤɜ. 
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distribution  sumsquare_error  

exponential  0.000005 

laplace  0.000010 

gamma  0.000013 

normal  0.000015 

uniform  0.000020 

 

ʃʾ˄ʰˁʰˌ 7.1 ς ʁʽ ˁʰˍʰ˄ˇ˃ʷˌ ˃ʶ ˍʽˌ ʰ˄ˍʾˋˍˇʽ˔ʶˌ ˍʽ˃ʷˌ ˍ˖˄ SSE. 

 

7.3.2 Distfit 

ũɘŬ ɜŬ ŮˊɘɓŮɓŬɘɤɗŮɑ ɖ ɞɟɗɧŰɖŰŬ Űɖɠ ɓɏɚŰɘůŰɖɠ ůɡɜŮɢɞɨɠ əŬŰŬɜɞɛɐɠ, əŬɗɩɠ ɗŬ 

ŬˊɞŰŮɚɏůŮɘ ɓŬůɘəɧ ɢŬɟŬəŰɖɟɘůŰɘəɧ ɔɘŬ Űɖɜ ɛŮŰɏˊŮɘŰŬ ɛŮɚɏŰɖ, ɢɟɖůɘɛɞˊɞɘɞɨɛŮ ɏɜŬ 

Ɏɚɚɞ ˊŬəɏŰɞ Űɖɠ python, Űɞ distfit. ɄŬɟɧɛɞɘŬ ɛŮ Űɞ Fitter, əɎɜŮɘ fit  Űɘɠ əŬŰŬɜɞɛɏɠ ůŰŬ 

ŭŮŭɞɛɏɜŬ, ɓɟɑůəɞɜŰŬɠ Űɖɜ əŬŰɎɚɚɖɚɖ. ũɘŬ Űɞ peak SAoI, ŬɡŰɧ ɡɚɞˊɞɘŮɑŰŬɘ ɤɠ Ůɝɐɠ: 

 

from  distfit  import  distfit  

import  pandas  as  pd 

import  numpy as  np 

 

df = pd. read_excel( 'data.xlsx' ,sheet_name =0)  

saoi = df [ "social AoI" ]  

 

dist= distfit(distr =[ 'expon' , 'gamma' , 'norm' , 'uniform' , 'laplace' ])  

 

dist . fit_transform(saoi) # Fit distributions on empirical data  

dist . plot()  # Plot the best fitted distribution  

 

# All scores of the tested distributions  

print (dist . summary)  

 

# Distribution parameters for best fit  

dist . model  

 

# Make plot  

dist . plot_summary()  

 

ɼ˗ʵʽˁʰˌ 7.2 ς ʇ˂ˇˉˇʾʹˋʹ data fitting  ˃  ʁdistfit . 
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ȼ Ůˊɘɚɞɔɐ Űɖɠ əŬɚɨŰŮɟɖɠ əŬŰŬɜɞɛɐɠ ɔɑɜŮŰŬɘ ɛŮ ɓɎůɖ Űɞ RSS (Residual Sum of 

Square). ȷɡŰɧ ɛŮŰɟɎŮɘ Űɖ ŭɘŬűɞɟɎ ɛŮŰŬɝɨ Űɤɜ Űɘɛɩɜ Űɤɜ ŭŮŭɞɛɏɜɤɜ əŬɘ ŮəŮɑɜɤɜ ˊɞɡ 

ˊɟɞəɨˊŰɞɡɜ Ŭˊɧ Űɘɠ əŬŰŬɜɞɛɏɠ. ɃɡůɘŬůŰɘəɎ ŮɑɜŬɘ ɖ ɑŭɘŬ ɛŮŰɟɘəɐ ɛŮ Űɖ SSE, Ŭűɞɨ ŰŬ 

errors Űɖɠ ŬɜŬˊŬɟɘůŰɞɨɜ ŰŬ residuals (çɡˊɞɚɚŮɑɛŬŰŬè) Űɖɠ RSS.  

ɆŰɞ ɆɢɐɛŬ 7.8 (Ŭ), ɓɚɏˊɞɡɛŮ ɛŮ ŬɨɝɞɡůŬ ůŮɘɟɎ Űɞɡ RSS Űɘɠ əŬŰŬɜɞɛɏɠ əŬɗɩɠ əŬɘ Űɖ 

ɔɟŬɛɛɐ ŰɎůɖɠ ɛŮ Űɖɜ ɞˊɞɑŬ ŬɡɝɎɜŮŰŬɘ. ȺˊŬɚɖɗŮɨŮŰŬɘ, əŬɘ ɛŮ ŬɡŰɧɜ Űɞɜ Űɟɧˊɞ ɧŰɘ 

əŬɚɨŰŮɟɞ fit  ɔɑɜŮŰŬɘ ɛŮ Űɖɜ ŮəɗŮŰɘəɐ əŬŰŬɜɞɛɐ, Űɞ ɞˊɞɑɞ űŬɑɜŮŰŬɘ ɔɟŬűɘəɎ ůŰɞ ɆɢɐɛŬ 

7.8 (ɓ), Ŭűɞɨ ɏɢŮɘ Űɖ ɢŬɛɖɚɧŰŮɟɖ RSS. 

 

 

(Ŭ) 
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(ɓ) 

ʅ˔ʺ˃ʰ 7.9 ς  ɮˉˇˍʶ˂ʷˋ˃ʰˍʰ ˍˇˎ distfit  ˃ :ʁ 

 όʰύ ɮˉʶʽˁˈ˄ʽˋʹ ˁʰ˂ˏˍʶˊ˖˄ ˁʰˍʰ˄ˇ˃˗˄ ˃ʶ ʲʱˋʹ ˍˇ RSS 

(ʲύ ɱˊʰ˒ʽˁˈ fit  ̱ ʹˌ ʶˁʻʶˍʽˁʺˌ ˁʰˍʰ˄ˇ˃ʺˌ ˋˍʰ ʵʶʵˇ˃ʷ˄ʰ 

 

ɀŮ Űɞ distfit, ɤůŰɧůɞ, ɛˊɞɟɞɨɛŮ ɜŬ ŬɜŰɚɐůɞɡɛŮ əŬɘ Űɘɠ ˊŬɟŬɛɏŰɟɞɡɠ Űɤɜ əŬŰŬɜɞɛɩɜ 

ɩůŰŮ ɜŬ ɏɢɞɡɛŮ ɧůɞ əŬɚɨŰŮɟɞ ŰŬɑɟɘŬůɛŬ ɔɑɜŮŰŬɘ. ɆŰɞɜ ɄɑɜŬəŬ 7.2,  ŮəŰɧɠ Ŭˊɧ ŰŬ 

score (Űɘɛɏɠ RSS) əɎɗŮ əŬŰŬɜɞɛɐɠ, ɓɚɏˊɞɡɛŮ əŬɘ Űɘɠ Űɘɛɏɠ Űɤɜ location əŬɘ scale ˊɞɡ 

ˊɟɞůŭɘɞɟɑɕɞɡɜ ůŬűɏůŰŮɟŬ ŰŬ distributions. 

ũɘŬ Űɖɜ ŮəɗŮŰɘəɐ əŬŰŬɜɞɛɐ ɓɚɏˊɞɡɛŮ Űɞ ɢŬɛɖɚɧŰŮɟɞ ůəɞɟ RSS əŬɘ ɑůɞ ɛŮ ςz ρπ  

ˊɞɡ ɡˊɞŭŮɘəɜɨŮɘ ŬɟəŮŰɎ əŬɚɧ data fitting. ȸɏɓŬɘŬ ɔɘŬ ɜŬ ɔɑɜŮɘ ŬɡŰɧ ˊɟɏˊŮɘ ɞɘ 

ˊŬɟɎɛŮŰɟɞɘ scale əŬɘ location ɜŬ ŮɑɜŬɘ əŬŰɎɚɚɖɚŮɠ əŬɘ ůɡɔəŮəɟɘɛɏɜŬ ɔɘŬ Űɖɜ 

ŮəɗŮŰɘəɐ ɓɚɏˊɞɡɛŮ ɧŰɘ ˊɟɞəɨˊŰŮɘ: loc = 0 əŬɘ scale = 549.292543. 

 

  

 

  

ʃʾ˄ʰˁʰˌ 7.2 ς ʁʽ ˁʰˍʰ˄ˇ˃ʷˌΣ ˇʽ RSS ˁ ʰʽ ˇʽ ˉʰˊʱ˃ʶˍˊˇʽ ˍˇˎˌΦ 

distribution  score  loc  scale  

exponential  0.000002 0.0 549.292543 

laplace  0.000004 198.0 472.898662 

gamma  0.000006 -2542.584179 170.829915 

normal  0.000007 549.292543 963.549434 

uniform  0.000009 0.0 7754.0 
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ũŮɜɘəɎ, ɞ Űɨˊɞɠ ɔɘŬ Űɖ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ (pdf) ŮɑɜŬɘ: 

Æὼ  Ὡ   , Ø  ÌÏÃ ʆɻʅ scale > 0.               (7.1) 

ɇɞ loc (=location) ŮɑɜŬɘ ɛɘŬ ˊŬɟɎɛŮŰɟɞɠ ˊɞɡ ŬˊɚɎ ɛŮŰŬɓɎɚŮɘ Űɞ ɔɟɎűɖɛŬ Űɖɠ 

ůɡɜɎɟŰɖůɖɠ ŭŮɝɘɎ ɐ ŬɟɘůŰŮɟɎ ůŰɞɜ ɞɟɘɕɧɜŰɘɞ ɎɝɞɜŬ. ɇɞ scale ŮɑɜŬɘ ɑůɞ ɛŮ:       

ίὧὥὰὩ   əŬɘ ŭŮɑɢɜŮɘ Űɞ ɛɏůɞ Űɤɜ ŭŮɘɔɛɎŰɤɜ ŭɖɚŬŭɐ Űɞ ɢɟɧɜɞ ɛŮŰŬɝɨ Űɤɜ 

ŭɘŬŭɞɢɘəɩɜ comments. ɇɞ lambda (=ɚ) ɞɟɑɕŮɘ ɟɡɗɛɧ ŬűɑɝŮɤɜ ŬɜɎ ɛɞɜɎŭŬ ɢɟɧɜɞɡ, 

ŭɖɚŬŭɐ ŰŬ comments ŬɜɎ ŭŮɡŰŮɟɧɚŮˊŰɞ. ɆɡɔəŮəɟɘɛɏɜŬ, ɏɢɞɡɛŮ scale = 549.292543 

sec ɛɏůɞ ɢɟɧɜɞ ɛŮŰŬɝɨ comments. 

Ⱥˊɞɛɏɜɤɠ, ɖ pdf Űɖɠ ŮəɗŮŰɘəɐɠ əŬŰŬɜɞɛɐɠ ˊɞɡ əɎɜŮɘ fit  ůŰɖɜ peak Social Age of 

Information ŮɑɜŬɘ: 

Æὼ
ρ

υτωȢςωςυτσ
 Ὡ Ȣ  χȢς 
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ȾŮűɎɚŬɘɞ 8: Value of Refresh 

 

8.1 ɀɞɜŰɏɚɞ ɔɘŬ Űɖ Value of Refresh 

ɃɟɑůŬɛŮ Űɞ Social Age Of Information ɤɠ Űɞ ɢɟɧɜɞ ˊɞɡ ɏɢŮɘ ˊŮɟɎůŮɘ Ŭˊɧ Űɞ 

ŰŮɚŮɡŰŬɑɞ comment ˊɞɡ ɏɢŮɘ ɔɑɜŮɘ ůŰɞ post. ȺɑŭŬɛŮ ɧŰɘ ŰŬ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ ˊɞɡ 

ɛŮůɞɚŬɓɞɨɜ ɛŮŰŬɝɨ Űɤɜ comments ɛˊɞɟɞɨɛŮ ɜŬ ŰŬ ɗŮɤɟɐůɞɡɛŮ interarrival times, 

Űɤɜ ɞˊɞɑɤɜ ɞɘ Űɘɛɏɠ ŮɑɜŬɘ ŬɡŰɏɠ Űɞɡ peak Social Age Of Information. 

ɋůŰɧůɞ, ɏɜŬɠ ɢɟɐůŰɖɠ ɚŬɛɓɎɜŮɘ Űɖɜ ˊɚɖɟɞűɞɟɑŬ Űɞɡ comment Űɖ ůŰɘɔɛɐ ˊɞɡ ɏɢŮɘ 

ˊɟɧůɓŬůɖ ůŰɞ post, Ŭűɞɨ ŭŮɜ ŮɑɜŬɘ ɛɧɜɘɛŬ ɛɏůŬ ůŮ ŬɡŰɧ. ȷɡŰɧ ɛŬɠ ɞŭɖɔŮɑ ůŰɞ ɜŬ 

ŭɞɨɛŮ Űɘ ˊɚɖɟɞűɞɟɑŬ ˊŬɑɟɜŮɘ ɏɜŬɠ ɢɟɐůŰɖɠ Ŭˊɧ Űɞ post ˊɞɡ ŮɝŮŰɎɕɞɡɛŮ, ůŮ ůɢɏůɖ ɛŮ 

Űɞ ɟɡɗɛɧ ˊɞɡ Űɞ çŬɜŬɜŮɩɜŮɘè.  

ȰůŰɤ Y ɖ ɛŮŰŬɓɚɖŰɐ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɞɡɠ interarrival times ɛŮŰŬɝɨ Űɤɜ ůɢɞɚɑɤɜ. 

ȺɑŭŬɛŮ ɧŰɘ ɞɘ ɢɟɧɜɞɘ ŬɡŰɞɑ ŮɑɜŬɘ ŮəɗŮŰɘəɎ əŬŰŬɜŮɛɖɛɏɜɞɘ ɛŮ ɛɏůɞ E[Y]= 549.292543 

sec. ȷɡŰɧ ůɖɛŬɑɜŮɘ ɧŰɘ ɖ ˊŬɟŬɔɤɔɐ Űɞɡ ˊŮɟɘŮɢɞɛɏɜɞɡ, ŭɖɚŬŭɐ ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɜɏɤɜ 

comments (ŭɘŬəɟɘŰɐ ɛŮŰŬɓɚɖŰɐ) ůŰɞ post ůŮ ŭɞůɛɏɜɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ŭŰ, 

ŬəɞɚɞɡɗŮɑ Űɖɜ əŬŰŬɜɞɛɐ Poisson ɛŮ ɟɡɗɛɧ ʇ  ρ Ⱦ E[Y] =0.001820523531119555 

comments/sec. 

ȰŰůɘ, ɞɟɑɕɞɡɛŮ ɤɠ B Űɖ ɛŮŰŬɓɚɖŰɐ ˊɞɡ ˊŮɟɘɔɟɎűŮɘ Űɞɜ Ŭɟɘɗɛɧ Űɤɜ comments Űɞɡ 

post ůŮ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɇ, Űɞ ɞˊɞɑɞ əŬɘ ɗɏŰɞɡɛŮ ɜŬ ŮɑɜŬɘ ɑůɞ ɛŮ Űɞ ŭɘɎůŰɖɛŬ ɛŮŰŬɝɨ 

Űɤɜ refreshes. ɀŮ ɓɎůɖ ŰŬ ɧůŬ ŮɑˊŬɛŮ ˊŬɟŬˊɎɜɤ, ɗŬ ŬəɞɚɞɡɗŮɑ əŬŰŬɜɞɛɐ Poisson ɛŮ 

ɟɡɗɛɧ ʇ  πȢππρψςπυςσυσρρρωυυυ comments/sec.  

ũɜɤɟɑɕɞɡɛŮ ˊɤɠ Űɞ Facebook ůŰŬ posts ŭŮɜ ŬűɐɜŮɘ ɜŬ ŭɞɨɛŮ ŬˊŮɟɘɧɟɘůŰɞ Ŭɟɘɗɛɧ 

ɜɏɤɜ comments Ŭűɞɨ Ŭɜ ŮɑɜŬɘ ˊɎɜɤ Ŭˊɧ ɏɜŬɜ Ŭɟɘɗɛɧ M, ˊɟɏˊŮɘ ɜŬ əɎɜɞɡɛŮ Ůə ɜɏɞɡ 

ɏɜŬ Ůɑŭɞɡɠ refresh Űɞɡ post ɔɘŬ ɜŬ ŰŬ ŭɞɨɛŮ ɧɚŬ ŰŬ əŬɘɜɞɨɟɔɘŬ. 

ɋůŰɧůɞ, ɔɘŬ ɜŬ ɔɑɜŮɘ ŭɡɜŬŰɐ ɖ ŬɜɎɚɡůɖ ˊɟɏˊŮɘ ɜŬ əɎɜɞɡɛŮ əɎˊɞɘŮɠ ɡˊɞɗɏůŮɘɠ ˊɞɡ ɗŬ 

ůɡɔəŮəɟɘɛŮɜɞˊɞɘɐůɞɡɜ Űɖ ɛŮɚɏŰɖ: 

 

(1) ɆŰɞ post ɓɚɏˊɞɡɛŮ ɧůɞ Űɞ ŭɡɜŬŰɧɜ ˊŮɟɘůůɧŰŮɟɞ ɜɏɞ ˊŮɟɘŮɢɧɛŮɜɞ. ȹɖɚŬŭɐ, Ŭɜ 

ɔɑɜɞɜŰŬɘ ɜɏŬ comments, ɞ ɢɟɐůŰɖɠ ŰŬ ɓɚɏˊŮɘ ɛŮŰɎ Űɞ refresh Űɞɡ, ŮəŰɧɠ əɘ Ŭɜ 

ɝŮˊŮɟɜɞɨɜ Űɞɜ ɛɏɔɘůŰɞ Ŭɟɘɗɛɧ  ɀ. 
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(2) ɇŬ ɢɟɞɜɘəɎ ŭɘŬůŰɐɛŬŰŬ, ˊɞɡ ˊŮɟɘɔɟɎűɞɜŰŬɘ Ŭˊɧ Űɖ ɛŮŰŬɓɚɖŰɐ ɇ, ɛŮŰŬɝɨ Űɤɜ 

refreshes ŮɑɜŬɘ ŮəɗŮŰɘəɎ əŬŰŬɜŮɛɖɛɏɜŬ ɛŮ ɛɏůɞ ρȾʈ.  

 

 

(3) ɇŬ ˊŬɚŬɘɎ comments, ɧˊɤɠ əŬɘ ůɡɛɓŬɑɜŮɘ ůɡɜɐɗɤɠ ůŰɞ Facebook, 

ůɡɛˊɚɖɟɩɜɞɡɜ Űɖɜ ˊɞůɧŰɖŰŬ Űɤɜ ůɡɜɞɚɘəɩɜ comments ˊɞɡ ŮɛűŬɜɑɕɞɜŰŬɘ Ŭɜ 

ŭŮɜ ŮˊŬɟəɞɨɜ ŰŬ əŬɘɜɞɨɟɔɘŬ. 

 

 

ȰŰůɘ, ɛˊɞɟɞɨɛŮ ɜŬ ŮɘůɎɔɞɡɛŮ ɛɘŬ ɜɏŬ ɏɜɜɞɘŬ ɖ ɞˊɞɑŬ ɡˊɞŭŮɘəɜɨŮɘ Űɖɜ ŬɝɑŬ Űɞɡ 

refresh ůŮ ɏɜŬ post, ůŮ ůɢɏůɖ ɛŮ Űɖɠ ɜɏŮɠ ˊɚɖɟɞűɞɟɑŮɠ ˊɞɡ ɗŬ ˊɎɟɞɡɛŮ ůɢŮŰɘəɎ ɛŮ 

ŬɡŰɧ, ŭɖɚŬŭɐ ŰŬ ɜɏŬ comments. ɇɞ Value of Refresh (VoR), ŭɖɚŬŭɐ ɖ ŬɝɑŬ Űɞɡ 

refresh, ŮɑɜŬɘ ɛɑŬ ɛŮŰɟɘəɐ ˊɞɡ Űɖɠ ɚɏŮɘ ˊɧůŮɠ ɜɏŮɠ ŭɟŬůŰɖɟɘɧŰɖŰŮɠ/ŬɜŰɘŭɟɎůŮɘɠ 

ɓɚɏˊɞɡɛŮ ɧŰŬɜ əɎɜɞɡɛŮ ŬɜŬɜɏɤůɖ Űɖɠ ůŮɚɑŭŬɠ. Ƀ Ŭɟɘɗɛɧɠ ŬɡŰɧɠ, ɚɞɘˊɧɜ, ŮɑɜŬɘ Űɖɠ 

ŭŮɑəŰɖɠ ɔɘŬ Űɖɜ ˊɞůɧŰɖŰŬ ɢɟɐůɘɛɖɠ ˊɚɖɟɞűɞɟɑŬɠ ˊɞɡ ɚŬɛɓɎɜɞɡɛŮ əŬŰɎ ɏɜŬ refresh 

əŬɘ ɗŬ Űɞ ůɡɛɓɞɚɑɕɞɡɛŮ əŬɘ ɤɠ V. ȼ ůɡɔəŮəɟɘɛɏɜɖ ɛŮŰɟɘəɐ ŬˊɞŰŮɚŮɑ ůɡɛɓɞɚɐ Űɖɠ 

ˊŬɟɞɨůŬɠ ŮɟɔŬůɑŬɠ. 

ȼ ɘŭɏŬ Űɖɠ ŬɝɑŬɠ ɛɑŬɠ ˊɟɎɝɖɠ (ɧˊɤɠ ŮɑɜŬɘ Űɞ refresh), ɤɠ ˊɟɞɠ Űɖɜ ŬˊɧəŰɖůɖ ɜɏŬɠ 

ˊɚɖɟɞűɞɟɑŬɠ, ŭŮɜ ŮɑɜŬɘ əŬɘɜɞɨɟɔɘŬ Ŭűɞɨ ŮɘůɎɔŮŰŬɘ əŬɘ ůŰɞ [19] ʈʚɻ ɻʉʗʇʋɾʂ ʘʉʉʋʅɻȢ 

ȷɡŰɐ ɐŰŬɜ ɖ ŬɝɑŬ Űɖɠ ˊɟɧůɓŬůɖɠ VoA (Value of Access) əŬɘ ɔɑɜŮŰŬɘ ŬɜɎɚɞɔɖ ɛŮɚɏŰɖ 

ůŰɞ ˊŮŭɑɞ Űɞɡ timeline Űɞɡ Facebook. 

Ⱥə ˊɟɩŰɞɡ ůŰɞɢŬůɛɞɨ, űŬɑɜŮŰŬɘ ɚɞɔɘəɧ ɖ Űɘɛɐ Űɖɠ VoR ɜŬ ŮɝŬɟŰɎŰŬɘ ɏɛɛŮůŬ ɐ 

ɎɛŮůŬ Ŭˊɧ Űɖ ɛŮŰɟɘəɐ ŬɡŰɐ ˊɞɡ ɞɜɞɛɎůŬɛŮ Social Age of Information, əɎŰɘ Űɞ ɞˊɞɑɞ 

ɗŬ ŮɝŮŰɎůɞɡɛŮ əŬɘ əŬŰɎ Űɖɜ ŬɜɎɚɡůɖ Űɖɠ. 

ɆŰɞɜ ˊŬɟŬəɎŰɤ ˊɑɜŬəŬ (ɄɑɜŬəŬɠ 8.1) ˊŬɟɞɡůɘɎɕɞɜŰŬɘ ɞɘ ɛŮŰŬɓɚɖŰɏɠ, ɛŮ Űɘɠ 

ŬɜŰɑůŰɞɘɢŮɠ ˊŮɟɘɔɟŬűɏɠ Űɞɡɠ, ˊɞɡ ɗŬ ɢɟɖůɘɛɞˊɞɘɖɗɞɨɜ ɔɘŬ Űɖɜ ɡɚɞˊɞɑɖůɖ Űɞɡ 

ɛɞɜŰɏɚɞɡ. 

 

 

 

 



 

68 
 

 

 

ɀŮŰŬɓɚɖŰɐ ɄŮɟɘɔɟŬűɐ 

V ɞ Ŭɟɘɗɛɧɠ Űɤɜ ɜɏɤɜ comments ˊɞɡ ɓɚɏˊŮɘ ɞ ɢɟɐůŰɖɠ ŬɜɎ refresh 

ɚ ɟɡɗɛɧɠ ŭɖɛɞůɑŮɡůɖɠ comment   

ɛ ɟɡɗɛɧɠ Űɞɡ refresh  

T ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɛŮŰŬɝɨ Űɤɜ refreshes  

M ɛɏɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ˊɟɞɓɞɚɐɠ comments ŬɜɎ refresh 

c əɧůŰɞɠ ŬɜɎ refresh 

B Ŭɟɘɗɛɧɠ comments ˊɞɡ ŭɖɛɘɞɡɟɔɐɗɖəŬɜ ůŮ ŭɘɎůŰɖɛŬ T 

ɟ ɛɏůɖ ˊɞůɧŰɖŰŬ ɜɏɤɜ comments ŬɜɎ refresh  

 

ʃʾ˄ʰˁʰˌ 8.1 ς ʁʽ ˃ʶˍʰʲ˂ʹˍʷˌ ˁʰʽ ʹ ˉʶˊʽʴˊʰ˒ʺ ˍˇˎˌΦ 

 

8.2 Ɉˊɞɚɞɔɘůɛɧɠ VoR 

ũɘŬ Űɞɜ ɡˊɞɚɞɔɘůɛɧ Űɖɠ VoR, ˊɟɏˊŮɘ ɜŬ ɗŮɤɟɐůɞɡɛŮ ůŰŬɗŮɟɧ ɢɟɧɜɞ ɛŮŰŬɝɨ Űɤɜ 

refreshes, Űɞɜ ɞˊɞɑɞ əŬɘ ɗɏŰɞɡɛŮ ɑůɞ ɛŮ ʐ (T ʐ). ŪŮɤɟɞɨɛŮ ɧŰɘ ůŮ ŬɡŰɧ Űɞ ɢɟɧɜɞ 

ŭɖɛɘɞɡɟɔɞɨɜŰŬɘ B(Ű) = B ɛŮ ŭŮŭɞɛɏɜɞ ɛɏɔɘůŰɞ Ŭɟɘɗɛɧ ˊɟɞɓɞɚɐɠ comments ɀ. 

ȰɢɞɜŰŬɠ ɞɟɑůŮɘ Űɖ Value of Refresh (VoR), ɖ Űɘɛɐ ˊɞɡ ˊŬɑɟɜŮɘ ŬɜɎ refresh ŮɑɜŬɘ: 

 

 

                    B ȟ ɻʉ ɛ ɥ  

 V   =                                                                           (8.1) 

               ɥ ȟ ɻʇʇʅʡʏ  

 
 

ȳˊɤɠ ŬˊɞŭŮɑɝŬɛŮ ˊŬɟŬˊɎɜɤ, ɖ B ŬəɞɚɞɡɗŮɑ əŬŰŬɜɞɛɐ Poisson ɛŮ ɟɡɗɛɧ ɚ, 

Ůˊɞɛɏɜɤɠ: 

 

0" Âȿʐ 
Ὡ  ‗†

Ȧ
ψȢς 
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ȰŰůɘ, ɔɘŬ ɏɜŬɜ ŰɡɢŬɑɞ Ŭɟɘɗɛɧ i, ɘůɢɨŮɘ: 

                                 P(B < i|ʐ) , ɻʉ i < M 

P(V = i|ʐ           0 "  Éȿʐ) , ɻʉ i = M                (8.3) 

                                          π        ȟ ɻʉ i > M 

 

ȷˊɧ Űɖɜ ˊŬɟŬˊɎɜɤ ůɢɏůɖ, ˊɟɞəɨˊŰŮɘ: 

%6 ȿʐ В Ὥὖὃ  Éȿʐ  - 0" -ȿʐ             (8.4)  

ȳɛɤɠ, ɘůɢɨŮɘ: 

0" -ȿʐ ρ 0" -ȿʐ ψȢυ 

 

Ⱥˊɞɛɏɜɤɠ: 

%6 ȿʐ Ὥ
Ὡ  ‗†

ὭȦ
 - ρ Ὥ

Ὡ  ‗†

ὭȦ
 

 

   %6 ȿʐ ὓ ὓ Ὥ
Ὡ  ‗†

ὭȦ
ψȢφ 

 

 

ȼ %6 ȿʐ ŮɑɜŬɘ ɖ ŬɜŬɛŮɜɧɛŮɜɖ Űɘɛɐ Űɖɠ V ŭŮŭɞɛɏɜɞɡ Űɞɡ ɢɟɧɜɞɡ Ű ˊɞɡ ɞɟɑůŬɛŮ 

ɛŮŰŬɝɨ Űɤɜ refreshes, ɞˊɧŰŮ Űɖ ůɡɛɓɞɚɑɕɞɡɛŮ ɤɠ ὠ. 

ȷˊɧ Űɞ ɜɧɛɞ ɞɚɘəɐɠ ˊɘɗŬɜɧŰɖŰŬɠ ˊɟɞəɨˊŰŮɘ: 

ὠ %6 ȿʐὪ†Ὠ† ψȢχ 

ɧˊɞɡ Ὢ† ‘Ὡ  , ɖ ůɡɜɎɟŰɖůɖ ˊɡəɜɧŰɖŰŬɠ ˊɘɗŬɜɧŰɖŰŬɠ ɔɘŬ ůŰŬɗŮɟɧ ɢɟɧɜɞ Ű 

ɛŮŰŬɝɨ Űɤɜ refreshes, Ŭűɞɨ ɖ ɛŮŰŬɓɚɖŰɐ T ˊɞɡ Űɞɜ ˊŮɟɘɔɟɎűŮɘ, ɧˊɤɠ ɗŮɤɟɐůŬɛŮ, 

ŬəɞɚɞɡɗŮɑ ŮəɗŮŰɘəɐ əŬŰŬɜɞɛɐ. 
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ȷɜŰɘəŬɗɘůŰɩɜŰŬɠ Űɘɠ Űɘɛɏɠ əŬɘ ɛŮ Űɖ ɓɞɐɗŮɘŬ Űɞɡ ɄŬɟŬɟŰɐɛŬŰɞɠ ȸ (Appendix B) Űɞɡ 

[19], ɡˊɞɚɞɔɑɕŮŰŬɘ ɖ Űɘɛɐ ̱ ˇˎ ὠ, ɤɠ: 

 

ὠ
‗

‘
 ρ

‗

‗ ‘
ψȢψ 

 

 

 

ʅ˔ʺ˃ʰ уΦм ς ɶ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ˍʽ˃ʺ ˍˇˎ VoR ( ╥ύ ˖ˌ ˉˊˇˌ ˍˇ ˃ʷˋˇ ˊˎʻ˃ˈ ˃ ˍ˖˄ refreshes ɹ ʽʰ  

ɾ Ґ мΣ рΣ млΣ нрΣ рлΦ 

 

ɆŰɞ ɆɢɐɛŬ 8.1, ɓɚɏˊɞɡɛŮ Űɘɠ Űɘɛɏɠ ˊɞɡ ˊŬɑɟɜŮɘ ɖ ɛŮŰŬɓɚɖŰɐ 6, ŬɚɚɎɕɞɜŰŬɠ Űɘɠ Űɘɛɏɠ 

Űɤɜ M, ɛ. ɄŬɟŬŰɖɟɞɨɛŮ ˊɤɠ ɔɘŬ ˊɞɚɨ ɢŬɛɖɚɏɠ Űɘɛɏɠ Űɞɡ ɛ, ŭɖɚŬŭɐ ɧŰŬɜ ŰŬ refreshes 

ɔɑɜɞɜŰŬɘ ˊɘɞ ůˊɎɜɘŬ, ɞɘ Űɘɛɏɠ Űɖɠ ŬɜŬɛŮɜɧɛŮɜɖɠ ŬɝɑŬɠ Űɞɡ refresh ŰŮɑɜɞɡɜ ˊɟɞɠ Űɞɜ 

ŮəɎůŰɞŰŮ ɛɏɔɘůŰɞ Ŭɟɘɗɛɧ ˊɟɞɓɞɚɐɠ comments M. ȷɡŰɧ ŮɑɜŬɘ ɚɞɔɘəɧ əŬɗɩɠ ɧůɞ 

ɛŮɔŬɚɨŰŮɟɞ ŮɑɜŬɘ Űɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ˊɞɡ ɛŮůɞɚŬɓŮɑ ɛŮŰŬɝɨ Űɤɜ refreshes, ɗŬ ɏɢɞɡɜ 

ŭɖɛɞůɘŮɡŰŮɑ ˊŮɟɘůůɧŰŮɟŬ ɜɏŬ comments ɛŮ ŬˊɞŰɏɚŮůɛŬ ɞ ɢɟɐůŰɖɠ ɜŬ ˊŬɑɟɜŮɘ Űɖɜ 

ɡɣɖɚɧŰŮɟɖ ˊɞůɧŰɖŰŬ ˊɚɖɟɞűɞɟɑŬɠ. ȷɜŰɑůŰɞɘɢŬ, əŬɗɩɠ ŬɡɝɎɜɞɜŰŬɘ ɞɘ Űɘɛɏɠ Űɞɡ ɛ, 

ɏɢɞɡɛŮ ˊɘɞ ůɡɢɜɎ refreshes, ɛŮ ŬˊɞŰɏɚŮůɛŬ ɜŬ ŮɜŰɞˊɑɕɞɜŰŬɘ ɧɚɞ əŬɘ ɚɘɔɧŰŮɟŬ ɜɏŬ 

ůɢɧɚɘŬ ůŰɞ əŬɗɏɜŬ. ȰŰůɘ, ɧˊɤɠ űŬɑɜŮŰŬɘ Ŭˊɧ Űɞ ˊŬɟŬˊɎɜɤ ůɢɐɛŬ, ɛŮŰɎ Ŭˊɧ 
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ɞɟɘůɛɏɜŮɠ Űɘɛɏɠ Űɞɡ ɛ, ɞɘ əŬɛˊɨɚŮɠ Űɞɡ VoR Ŭɟɢɑɕɞɡɜ ɜŬ ŰŬɡŰɑɕɞɜŰŬɘ əŬɘ ŰŮɑɜɞɡɜ 

ˊɟɞɠ Űɖɜ ɑŭɘŬ ɢŬɛɖɚɐ Űɘɛɐ (Ò4), ŬɜŮɝɎɟŰɖŰŬ Ŭˊɧ Űɞ M. ȷɡŰɧ ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ ɔɘŬ ˊɘɞ 

ɡɣɖɚɧ ɟɡɗɛɧ refresh, ŭŮɜ ɛŬɠ ˊŮɟɘɞɟɑɕŮɘ ɞ ɛɏɔɘůŰɞɠ Ŭɟɘɗɛɧɠ ˊɟɞɓɞɚɐɠ ɀ, əŬɗɩɠ ŭŮɜ 

ŮɑɜŬɘ ˊɞɚɚɎ ŰŬ ɜɏŬ comments. 

 

                                          όʰύ                        όʲύ 

ʅ˔ʺ˃ʰ уΦн ς (aύ ɶ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ˍʽ˃ʺ ˍˇˎ VoR ( ╥ύ ˖ˌ ˉˊˇˌ ˍˇ ˃ʷˋˇ ˔ˊˇ˄ʽˁˈ ʵʽʱˋˍʹ˃ʰ мκ˃ ˃ʶˍʰ˅ˏ 

ˍ˖˄ refreshes ɹ ʽʰ ɾ Ґ мΣ рΣ млΣ нрΣ рлΦ 

                       όʲύ ɶ ʰ˄ʰ˃ʶ˄ˈ˃ʶ˄ʹ ˍʽ˃ʺ ˍˇˎ VoR ( ╥ύ ˖ˌ ˉˊˇˌ ˍʹ ˃ʷˋʹ ˉˇˋˈˍʹˍʰ ˊ ˄ʷ˖˄ comments h ˄ʱ 

refresh ɹ ʽʰ ɾ Ґ мΣ рΣ млΣ нрΣ рлΦ 

 

ȳ,Űɘ ŬɜŬűɏɟŬɛŮ ˊŬɟŬˊɎɜɤ, ɔɑɜŮŰŬɘ ŬɜŰɘɚɖˊŰɧ əŬɘ Ŭˊɧ Űɞ ɆɢɐɛŬ 8.2, ɧˊɞɡ űŬɑɜɞɜŰŬɘ 

ɞɘ Űɘɛɏɠ Űɖɠ ŬɜŬɛŮɜɧɛŮɜɖɠ VoR (Ŭ) ɤɠ ˊɟɞɠ Űɞ ɛɏůɞ ɢɟɞɜɘəɧ ŭɘɎůŰɖɛŬ ɛŮŰŬɝɨ Űɤɜ 

refreshes əŬɘ (ɓ) ɤɠ ˊɟɞɠ Űɖ ɛɏůɖ ˊɞůɧŰɖŰŬ ɟ ɜɏɤɜ comments ŬɜɎ refresh.  

 

8.3 ȼ ɉɟɖůɘɛɧŰɖŰŬ ɄŮɟɑ ɉɟɧɜɞɡ 

ȼ ˊɟŬɔɛŬŰɞˊɞɑɖůɖ Ůɜɧɠ Refresh, ɤůŰɧůɞ, ŬˊŬɘŰŮɑ ɞɟɘůɛɏɜŮɠ ˊɟɞɦˊɞɗɏůŮɘɠ. ȷɡŰɏɠ 

ɛˊɞɟŮɑ ɜŬ ŮɑɜŬɘ ɖ ɢɟɐůɖ ŭŮŭɞɛɏɜɤɜ əɘɜɖŰɞɨ ŭɘəŰɨɞɡ ɐ Wi-Fi, ɖ əŬŰŬɜɎɚɤůɖ 

ɛˊŬŰŬɟɑŬɠ Űɖɠ ůɡůəŮɡɐɠ əŬɗɩɠ ŬəɧɛŬ əŬɘ ɖ ŭŬˊɎɜɖ ɢɟɧɜɞɡ Ŭˊɧ ɏɜŬɜ ɢɟɐůŰɖ. ȳɚŬ 

ŬɡŰɎ ŰŬ çəɧůŰɖè ŰŬ ůɡɜɞɣɑɕɞɡɛŮ ůŮ ɛɘŬ ɛŮŰŬɓɚɖŰɐ, ɏůŰɤ c. ȰŰůɘ, Űɞ ůɡɜɞɚɘəɧ 

əɧůŰɞɠ c ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɞ əɎɗŮ refresh ɝŮɢɤɟɘůŰɎ əŬɘ ɛŮŰɟɘɏŰŬɘ ɛŮ Űɘɠ ɛɞɜɎŭŮɠ 

ɛɏŰɟɖůɖɠ Űɞɡ VoR. ɇɞ əɧůŰɞɠ ŬɡŰɧ ɗŬ ɗŮɤɟɖɗŮɑ ůŰŬɗŮɟɧ ɔɘŬ əɎɗŮ refresh əŬɘ ɑůɞ ɛŮ 

c=1. 
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ȰŰůɘ, ɖ ɢɟɖůɘɛɧŰɖŰŬ (utility) Ůɜɧɠ refresh ˊɟɞəɨˊŰŮɘ Ŭɜ Ŭˊɧ Űɞ Value of Refresh 

ŬűŬɘɟɏůɞɡɛŮ Űɞ əɧůŰɞɠ c Űɞɡ refresh. ȺɛŮɑɠ, ɧɛɤɠ, ɗŬ ɡˊɞɚɞɔɑůɞɡɛŮ Űɖ ɢɟɖůɘɛɧŰɖŰŬ 

ŬɜɎ ɛɞɜɎŭŬ ɢɟɧɜɞɡ ˊɞɡ ˊɟɞəɨˊŰŮɘ Ŭˊɧ Űɖ ŭɘŬűɞɟɎ Űɞɡ əɧůŰɞɡɠ Űɞɡ refresh Ŭˊɧ Űɞɜ  

ŬɜŬɛŮɜɧɛŮɜɞ Ŭɟɘɗɛɧ ɜɏɤɜ comments ŬɜɎ refresh, ˊɞɚɚŬˊɚŬůɘŬůɛɏɜɖ ɛŮ Űɞ ɟɡɗɛɧ 

Űɤɜ refreshes. ȹɖɚŬŭɐ: 

Ὗὠȟ‘ ‘ὠ ὧ ψȢω 

 

ȿɧɔɤ Űɖɠ Ɇɢɏůɖɠ (8.8), ˊɟɞəɨˊŰŮɘ: 

Ὗ‘ ‗ρ
‗

‗ ‘
‘ὧ ψȢρπ 

 

 

 

                                             όʰύ                        όʲύ 

ʅ˔ʺ˃ʰ уΦо ς (aύ ɶ ˔ˊʹˋʽ˃ˈˍʹˍʰ ʰ˄ʱ ʵʶˎˍʶˊˈ˂ʶˉˍˇ ʶ˄ˈˌ ˔ˊʺˋˍʹ ˖ˌ ˉˊˇˌ ˍˇ ˃ʷˋˇ ˊˎʻ˃ˈ ˃ ˍ˖˄ 

refreshes ɹ ʽʰ ɾ Ґ мΣ рΣ млΣ нрΣ рлΦ 

                      όʲύ ɶ ˔ˊʹˋʽ˃ˈˍʹˍʰ ʰ˄ʱ ˗ˊʰ ʶ˄ˈˌ ˔ˊʺˋˍʹ ˖ˌ ˉˊˇˌ ˍˇ ˃ʷˋˇ ˊˎʻ˃ˈ ˃ ˍ˖˄ refreshes ɹ ʽʰ  

ɾ Ґ мΣ рΣ млΣ нрΣ рлΦ 

 

ɆŰɞ ɆɢɐɛŬ 8.3 (Ŭ), ɧˊɞɡ ɓɚɏˊɞɡɛŮ Űɖ ɢɟɖůɘɛɧŰɖŰŬ ŬɜɎ ŭŮɡŰŮɟɧɚŮˊŰɞ ɤɠ ˊɟɞɠ Űɞ 

ɟɡɗɛɧ ɛ, ˊŬɟŬŰɖɟɞɨɛŮ ɛŮɔŬɚɨŰŮɟŮɠ Űɘɛɏɠ ɢɟɖůɘɛɧŰɖŰŬɠ ɔɘŬ ɛŮɔŬɚɨŰŮɟɞ ɀ. ȷɡŰɧ 

ůɡɛɓŬɑɜŮɘ ɔɘŬŰɑ, ɧˊɤɠ ŮɑŭŬɛŮ, ɏɢɞɡɛŮ ˊɘɞ ɡɣɖɚɐ ŬɜŬɛŮɜɧɛŮɜɖ VoR ɔɘŬ ɛŮɔŬɚɨŰŮɟŬ 


