Delay and Latency

Answers
Note 
when working with Bandwidth M means 1000 x 1000 = 1000000


when working with files M means 1024 x 1024 = 1048576

Tip
convert MB, KB and Bytes to bits and Km to metres

1. A link is 100km (100000m) long and is transporting 100Byte (800b) packets.


a. At what bandwidth would propagation delay equal transmit delay?



Dprop = Distance / Speed




Dprop = 100000 / 2 x 108 = 0.0005s





=> Dtrans = 0.0005s



Dtrans = Length / BW



0.0005 = 800 / BW



BW = 800 / 0.0005 = 1600000bps
b. Recalculate for 512Byte packets

(assume propagation velocity of 2 x 108 m/sec)


512B = 4096b


0.0005 = 4096 / BW


BW = 4096 / 0.0005 = 8192000bps
2. A link is 2km (2000m) long. Packets of 100Bytes (800b) are being propagated at 2 x 108 m/sec. Calculate B/W if Dprop = Dtrans


Dprop = Distance / Speed



2000 / 2 x 108  = 0.00001



0.00001 = 800 x BW



BW = 800 / 0.00001 = 80000000bps = 8Mbps
3. A link has an RTT of 100ms and carries 1kB (1024b) data packets. There is an overhead of 2xRTT before transmission of the first data packet. Calculate the time required to transfer a 1000KB (1000 x 1024 = 1024000b) file if the bandwidth is 1.5kbps (1500bps).



Overhead = 2 x 100ms = 200ms



Dprop = 0.5 x RTT = 50ms



Dtrans per packet = 1KB / 1.5Kbps = 8 x 1024 / 1500 = 5.4613s



1000KB => 5.4613 x 1000 = 5461.3s



Total time = Overhead + Dprop + Dtrans = 200 + 50 + 5461.3 


= 5711.3s
4. How wide is a bit on a 500Mbps (500000000bps) link. What would its physical length be:



Width = 1 / BW = 1 / 500Mbps



=> 1 / 5000000000 = 0.000000002s


a. On copper wire where propagation velocity is 2.3x108m/s.


2.3 x 108 x 0.000000002 = 0.46m
b. In free space where propagation velocity is 3x108m/s.


3 x 108 x 0.000000002 = 0.6m
5. A 128Kbps (128000bps) link is set up between earth and a station on Mars. The distance is 54x109 meters and propagation velocity is 3x108 m/s. Calculate:

a. The min RTT



RTT = 2 x BW x Delay (2 x BW x  Dprop)


Delay = Distance / Speed (Dprop = Distance / Speed)



Dprop = 54x109  /  3x108 = 180s



min RTT = 2 x Dprop = 2 x 180 = 360s
b. Delay/Bandwidth product 



note this is Delay times Bandwidth, NOT Delay divided by Bandwidth



BW x RTT =



128000 x 360 = 46080000bps



=> 46.08Mb => 5.76MB
c. How long would it take to transfer a 5MB picture file from Mars to Earth



 Dtrans  = Length / BW =5 x 1024 x 1024 x 8 / 128000 = 327.68s



Time = Dprop + Dtrans  = 180 + 327.68 = 507.68s
