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𝐿𝑎𝑡𝑒𝑛𝑐𝑦 ≅ ൗ𝐷𝑖𝑠𝑡𝑎𝑛𝑐𝑒
𝑆𝑖𝑔𝑛𝑎𝑙 𝑝𝑟𝑜𝑝𝑎𝑔𝑡𝑖𝑜𝑛 𝑑𝑒𝑙𝑎𝑦 +
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Circuit Connection speed (bps) Relative speed

Modem 28,800 0.5

Frame Relay 56,000 1

T1/DS1 1,536,000 28

10 Mb Ethernet 10,000,000 180

11 Mb Wireless 11,000,000 196

T3/DS3 44,736,000 800

OC1 51,844,000 925

ATM 155,532,000 2800

LTE (4x4 MIMO) 326,000,000 6189

IEEE 802.11n 600,000,000 10,715

OC12 622,128,000 11,120

1-Gigabit Ethernet 1,000,000,000 18,000

10 Gigabit Ethernet 10,000,000,000 180,000

OC-768 40,000,000,000 720,000

see https://en.wikipedia.org/wiki/List_of_interface_bit_rates

https://en.wikipedia.org/wiki/List_of_interface_bit_rates


SPE: Networking 10/4/2018 9

•
▫
▫

•
▫

•
▫

•



SPE: Networking 10/4/2018

•

•
▫

•
▫

•
▫

•
▫



SPE: Networking 10/4/2018 11



SPE: Networking 10/4/2018

•
▫

▫ 

•
▫

▫

▫

▫



SPE: Networking 10/4/2018 13

▫

▫

▫









 

 



SPE: Networking 10/4/2018 14

•

▫



▫

▫

▫

▫







SPE: Networking 10/4/2018 15

•
▫ 

▫
▫

▫

•
▫
▫



SPE: Networking 10/4/2018

•
▫









▫

▫



SPE: Networking 10/4/2018 17

•

▫



▫

•

▫



SPE: Networking 10/4/2018

•
▫

▫

▫

 





•
▫

▫

▫

▫

▫

▫



SPE: Networking 10/4/2018

•
▫

▫







•
▫



▫



•
•

•



SPE: Networking 10/4/2018

route print

IPv4 Route Table
===========================================================================
Active Routes:
Network Destination        Netmask          Gateway       Interface  Metric

0.0.0.0          0.0.0.0      192.168.0.1    192.168.0.153     50
127.0.0.0        255.0.0.0         On-link         127.0.0.1    331
127.0.0.1  255.255.255.255         On-link         127.0.0.1    331

127.255.255.255  255.255.255.255         On-link         127.0.0.1    331
172.31.104.80  255.255.255.240         On-link     172.31.104.81   5256
172.31.104.81  255.255.255.255         On-link     172.31.104.81   5256
172.31.104.95  255.255.255.255         On-link     172.31.104.81   5256
192.168.0.0    255.255.255.0         On-link     192.168.0.153    306

192.168.0.153  255.255.255.255         On-link     192.168.0.153    306
192.168.0.255  255.255.255.255         On-link     192.168.0.153    306

224.0.0.0        240.0.0.0         On-link         127.0.0.1    331
224.0.0.0        240.0.0.0         On-link     172.31.104.81   5256
224.0.0.0        240.0.0.0         On-link     192.168.0.153    306

255.255.255.255  255.255.255.255         On-link         127.0.0.1    331
255.255.255.255  255.255.255.255         On-link     172.31.104.81   5256
255.255.255.255  255.255.255.255         On-link     192.168.0.153    306

===========================================================================
Persistent Routes:
None



SPE: Networking 10/4/2018 21

•

•

▫



SPE: Networking 10/4/2018 22

C:\>tracert 104.244.42.129

Tracing route to 104.244.42.129 over a maximum of 30 hops

1    14 ms    13 ms    13 ms  96.120.102.133
2    14 ms    11 ms    13 ms  po-106-rur201.bellevue.wa.seattle.comcast.net [96.108.165.157]
3    16 ms    12 ms    12 ms  po-2-rur202.bellevue.wa.seattle.comcast.net [69.139.160.42]
4    13 ms    18 ms    12 ms  be-203-ar01.seattle.wa.seattle.comcast.net [69.139.164.169]
5    15 ms    22 ms    16 ms  be-33650-cr01.seattle.wa.ibone.comcast.net [68.86.93.165]
6    12 ms    13 ms    14 ms  be-10846-pe01.seattle.wa.ibone.comcast.net [68.86.86.90]
7    32 ms   123 ms    12 ms  66.208.232.186
8    13 ms    15 ms    13 ms  twitter-ic-305911-sea-b1.c.telia.net [62.115.41.158]
9     *        *        *     Request timed out.

10   216 ms    37 ms    80 ms  104.244.42.129

Trace complete.
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20 FTP data

21 FTP Control

23 Telnet

25 Simple Mail Transport Protocol (SMTP)

66 Oracle SQL*NET

70 Gopher

80 Hypertext Transfer Protocol (HTTP)

160 SNMP Traps

161 SNMP

179 BGP

389 Lightweight Directory Access Protocol (LDAP)

443 Secure HTTP

445 Server Message Block
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NextPacket + 
(LastByteAcked –
LastByteSent) > 
AdvertisedWindow
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Max Thruput/connection = AdvertisedWindow / RTT
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Max Thruput/connection = AdvertisedWindow / RTT
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RTT (ms) Max Windows/sec Max Throughput (bytes/sec)

1000BaseT (~ 100 MB/sec)

64 KB Window

0.001 1,000,000 100,000,000
0.01 100,000 100,000,000

0.1 10,000 100,000,000
1 1,000 64,000,000

10 100 6,400,000
100 10 640,000

1000 1 64,000



•



Max Thruput = 
AdvertisedWindow / RTT

𝑪𝒘𝒊𝒏 ≤ 𝑨𝒅𝒗𝒆𝒓𝒕𝒊𝒔𝒆𝒅𝑾𝒊𝒏
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* See Mathis, Ott, et. al., “The macroscopic behavior of the TCP congestion avoidance algorithm”, Computer Communications Review, July 1997 
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• AutoTuningLevelLocal

https://docs.microsoft.com/en-us/powershell/module/nettcpip/set-nettcpsetting?view=win10-ps






SPE: Networking 10/4/2018 65

•

•

•

•

•

•



SPE: Networking 10/4/2018

•

•

▫

•

Interface Interrupts/sec Cycles

10 Mb 500 5 MHz

100 Mb 5K 50 MHz/sec

1 Gb 50K 500 MHz/sec

10 Gb 500K 5 GHz/sec

• 

•

•
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Throughput(KB/s) 16,475.553

Throughput(Mbit/s) 131.804

Average Frame Size 764.394

Packets Sent 1,309,892

Packets Received 2,586,923

Packets received/Int 2

Interrupts/sec 9,494.04

Cycles/Byte 129.3

2.2 GHz/sec ÷ 9500 interrupts/sec ≈ 200,000 clocks/interrupt

500,000 interrupts/sec * 200,000 cycles ≈ 100,000,000,000  cycles/second
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xperf –on LATENCY 

-f tcpreceive1.etl 

–ClockType Cycle
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≈

500,000 interrupts/sec * 175,000 cycles = 88 GHz
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Mem A

Mem A

Mem B

Thread 0
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http://ee.lbl.gov/papers/congavoid.pdf
http://www.icir.org/floyd/papers/early.twocolumn.pdf

