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What is BDP?
Bandwidth-Delay Product (BDP) = “bits on the wire”

Or data sent that is not yet received

Bandwidth x RTT = BDP
100Mbps x 100ms = 107 bits
1Gbps x 10ms = 107 bits — “l_ oW"
10Gbps x Ims = 107 bits
10Gbps x 50ms = 5x108bits < | Our Tests
40Gbps x 100ms = 4x109 bits — “High”
100Gbps x 100ms = 1010 pits

—

BDP Calculator: https://www.switch.ch/network/tools/tcp throughput/




What are “High BDP Flows”?

« Data flows over “LFNs” or “Long, Fat Networks”
« “High” BDP = 108 bits or higher

e Scientific Data Transfers
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Why do switch buffers matter here?

o Packet loss = significantly lower transfer rate
 More than just the lost packet(s), multiplication factor

« Why? TCP scales back its window size when
packets are lost (congestion avoidance).

o |t'll recover and scale back up, but if this happens a
ot, total performance is impacted.

 Keep TCP window high to keep bandwidth up.

 Minimize packet loss by ensuring all network
switches in the path have deep buffers.!




All four hosts in the same subnet.

Minimum Equipment:

4x Linux servers with 1x 10GE NIC each
1x Sending switch (to be tested) with 3x 10GE ports
1x Receiving switch with 3x 10GE ports
6x 10GE 5X optics

5x OM3 or OM4 LC/LC cables

Experiment Setup

Host 1 Host 2
CentO56.5 Cent05 6.5
w/ iperf3 w/ iperf3
(client) (server)
10GE NIC 10GE NIC
10GE port Direction of Traffic 10GE port
—-—

Sending 10GE port Receiving
Switch Switch
(to be tested)

10GE port 10GE port
Outbound
Congestion
Point
10GE NIC 10GE NIC
Host 3 Host 4
CentO5 6.5 CentOS 6.5

w/ iperf3
(client)

w/ iperf3
(server)

Switches only doing Layer 2.

Sending Switch is the device of concern.
Buffering occurs at the Outbound
Congestion Point.
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What are we testing?

e Test 1-Iperf3: Does a switch have deep buffers?
How deep Is “deep”’? May not be clear from
manufacturer documentation, so we need a way to
test for this.

e Test 2—nuttcp: Is there a small buffer switch in the
path? End users, or even network operators, may
not know the details of all devices in the path.




Test 1: iperf3 Overview

e Servers ran on hosts 2 & 4 (on receiving switch).
e Clients ran on hosts 1 & 3 (on sending switch).

e Simulating WAN connectivity (50ms RTT) and adding
congestion (2Gbps UDP background traffic).

o Tests will include 15 iterations per configuration to smooth
and average out variations due to network emulation.

o Tests will last a total of 35 seconds but will omit the first 5
seconds to account for TCP ramp-up. Only the last 30
seconds of data will be displayed in results.
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Test 1: iperf3
Simulated WAN connectivity with congestion

Add a 25ms delay to each of hosts 1 and 2:
hostl# tc qdisc add dev ethl root netem delay 25ms
host2# tc qdisc add dev ethl root netem delay 25ms
Start the iperf3 server on hosts 2 and 4.
host2# iperf3 -s
host4# iperf3 -s
On host 3, begin a 2Gbps UDP transfer to host 4 to add congestion:
host3# iperf3 -c host4 -u -b2G -t13000

On host 1, begin a 10Gbps TCP transfer, 2 parallel streams for 30
seconds (first 5s omitted from results):

hostl# iperf3 -c host2 -P2 -t30 -05
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Cisco 6704 (14MB1) Cisco 6716 (90MB?) Cisco 6716 (200MB?3)
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TCP Throughput Scale TCP Throughput Scale TCP Throughput Scale
Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test 10.00 Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test 10.00 Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test 1000
¥l 42 43 84 #5 #5647 #B 9 #10 #11 #12 #13 #14 #15 |Avg 9.50 41 42 43 M4 HS 46 47 M8 49 £10 411 #12 #13 #14 #15 |Awg 9.50 41 #2 #3 £4 45 #6 47 8 #9 410 #11 #12 #£13 #14 #015|Avg 9.50
1sec 5.39 554 6.07 6.21 6.24 4.42 4.45 3.84 4.56 532 4.07 5.06 4.08 4.58 4.69| 497 5.00 1sec 498 654 7.72 416 7.72 281 434 699 7.72 7.72 7.72 7.73 7.25 7.71 6.72| 6.52 9.00 1sec 664 680 7.73 7.74 435 646 429 009 7.73 7.73 7.74 6.58 3.43 7.65 6.73] 6.11 9.00
2sec 5.93 6.02 6.07 512 4.50 533 5.33 460 534 5.93 4.90 576 4.84 5.42 551 537 8.50 2sec 6.96 6.97 7.72 6.46 7.72 6.61 5.29 7.36 7.71 7.72 7.72 7.72 7.46 7.73 7.25 7.23 850 2sec 6.94 7.20 7.74 7.73 6.08 6.76 6.29 0.76 7.73 7.73 7.73 7.00 4.52 7.74 7.13| 6.61 850
3sec 5.87 6.19 5.92 374 3.70 621 610 555 610 5.64 5.84 6.10 577 6.10 5.87 5.65 2.00 3sec 7.45 7.42 7.73 7.3 7.15 7.22 6.09 7.72 7.72 7.72 7.72 1.73 7.72 .73 7.64 7.46 2.00 3sec 7.31 7.61 7.73 7.73 7.21 6.72 7.30 4.89 7.74 .73 1.73 7.9 200
asec 5.39 627 6.15 383 3.90 3.98 3.80 6.28 585 4.34 5.15 581 6.07 572 4.01 511 750 dsec 7.72 7.7 7.73 7.57 6.85 7.65 7.00 7.74 7.54 7.72 7.72 7.73 7.72 7.73 1.72| 7.59 750 4 sec 7.68 7.77 7.73 7.73 762 6.74 768 673 7.73 7.73 7.73 7.48 750
5sec 5.99 4.83 3.65 372 3.00 591 599 446 3.71 631 6.03 5.97 3.73 479 7.00 Ssec 7.72 775 773 7.74 654 775 7.68 773 7.62 172 .72 772 .71 173 1.7 7.64 7.00 5sec 7.93 7.75 7.3 7.33 7.36 682 773 722 793 7.73 178 7.59 7.00
6sec 5.86 4.62 3.74 3.94 4.85 620 585 4.74 3.86 4.83 5.47 4.25 3.94 4.80 6.50 6sec 772 773 773 7.76 260 774 .77 132 .72 172 172 172 1.2 174 1.7 7.39 650 6sec 7.95 7.73 7.73 7.33 7.73 696 774 1.67 793 7.74 1.73 7.67 6.50
7 sec 5.39 501 4.02 443 6.12 477 5.03 521 4.26 5.16 4.78 243 4.44 4.83 6.00 7 sec 772 7.72 7.73 7.74 330 7.75 7.72 7.66 7.71 7.72 7.72 7.73 6.72 7.20 1.22| 7.29 6.00 7sec 7.76 7.32 7.74 7.73 736 7.13 582 7.76 7.73 7.73 7.73 7.51 6.00
8sec 5.76 562 4.55 516 4.10 510 5.44 578 4.89 563 518 255 5.18) 5.09 5.50 8sec 7.72 7.71 679 690 562 405 7.72 555 7.71 7.71 7.71 7.72 580 698 6.75| 683 550 8 sec 7.74 669 7.73 7.73 7.74 734 608 7.75 7.74 7.73 7.73 7.44 550
9sec. 622 617 5.29 591 3.70 556 5.89 6.09 5.68 6.19 5.70 2.93 5.90) 538 5.00 9sec 7.72 7.72 631 3.76 7.14/038 7.71 3.74 7.72 7.73 7.72 7.71 3.60 6.78) 041/ 5.74 5.00 9 sec 7.73 638 7.73 7.73 6.98 7.58 571 7.77 672 7.73 7.73 6.83 5.00
10sec 3.77 586 6.03 607 3.90 604 560 473 5.88 6.12 630 3.53 5.08 5.26 4.50 10sec 7.72 7.72 6.67 124 759026 7.72 5.09 7.72 7.71 7.71 7.72 366 7.47 055| 577 as0 10sec 7.74 652 7.73 7.74 654 772 648 573 6.41 7.73 7.74 671 450
11sec 3.71 6.10 5.16 4.21 4.17 6.05 4.35 6.08 3.66 4.50 3.66 6.32 3.90 4.40 3.74| 467 4.00 11 sec 772 7.72 688 471 7.73 207 7.72 6.78 7.72 7.72 7.73 7.72 399 7.73 3182 6.52 4.00 11 sec 773 751 7.73 7.73 677 7.74 672 357 681 7.73 7.73 6.94 4.00
12sec 3.92 533 4.76 3.72 4.82 539 5.03 6.05 3.73 4.72 3.80 4.17 3.75 5.49 3.84| 457 3.50 12 sec 7.72 7.72 7.24 685 7.74 646 7.72 7.17 7.72 7.72 7.72 7.72 407 7.72 6.88| 7.21 3150 12 sec 773 7.74 7.74 7.73 7.13 7.73 7.07 401 768 7.73 7.73 127 3.50
13sec 4.40 4.98 5.69 390 5.62 3.44 5.77 526 4.06 5.10 4.10 3.74 4.01 6.23 4.19| 4.70 3.00 13sec 7.72 7.72 7.64 7.25 7.74 7.15 7.72 7.59 7.72 7.72 7.72 7.72 4.48 7.72 7.42| 7.40 3.00 13sec 7.73 7.31 7.73 7.73 751 7.73 749 391 7.73 7.73 7.73 7.35 3.00
1asec 515 539 5.95 430 629 380 5.93 476 4.62 563 4.65 394 4.55 379 4.82 4.0 250 14sec 7.72 772 733 7165 .74 1.60 7.72 175 1.72 772 7.72 7.2 5.04 .73 1.70) 7.53 250 14sec 7.73 696 7.73 7.74 7.76 7.74 773 488 794 7.73 7.4 7.48 250
15sec 5.91 587 4.54 495 627 441 5.47 515 539 615 545 438 5.30 3.86 5.59) 5.25 2.00 15 sec 7.2 772 774 174 774 178 772 175 1.72 1.72 792 7.72 569 173 1.71] 7.59 200 15sec 774 7.30 7.73 7.3 7.74 772 773 569 795 7.74 1.73 7.57 2.00
16 sec 6.28 6.28 5.00 5.71 5.16 5.26 6.06 5.66 6.11 5.95 6.16 5.09 6.07 4.11 6.12 5.67 1.50 16 sec 772 772 7.74 774 772 774 7.72 772 7.72 772 7.72 7.71 6.29 7.74 7.72| 7.63 150 16 sec 773 765 7.74 7.73 7.93 7.74 7.73 608 7.75 7.73 7.73 7.59 150
17 sec 6.44 372 5.60 6.07 523 6.13 556 6.20 621 5.54 4.05 579 541 459 6.51 5.54 1.00 17 sec 7.71 7.72 7.75 7.76 7.72 7.75 7.72 7.71 7.72 1.72 7.71 7.72 4.73 1.74 1.712 7.53 1.00 17 sec 7.73 .77 7.73 7.73 7.73 7.73 7.74 6.72 7.75 7.73 1.73 7.40 1.00
18sec 629 383 6.19 550 547 437 526 421 6.2 559 3.73 551 4.72 534 6.50 5.25 0.50 18sec 7.72 7.72 7.72 7.72 7.72 775 772 1.72 7.72 7.72 7.72 7.73 3.59 7.72 5.23| 7.28 050 18 sec 7.73 521 7.73 7.73 7.73 7.73 7.72 7.42 1.75 1.73 1.73 697 050
19sec 5.74 409 5.85 6.06 5.77 261 5.66 372 628 571 3.94 371 4.85 598 4.83 4.99 0.00 19sec 772 772 772 791 7.72 772 7.72 7.92 7.72 732 7.72 7.72 363 7.72 3153 717 0.00 19sec 7.74 483 7.73 7.74 7.73 7.73 7.73 7.33 741 7.74 773 683 0.00
205ec 436 4.58 6.22 554 613 276 6.10 2.85 2.80 588 4.40 381 5.14 4.67 4.74) .78 20sec 772 772 772 7.2 772 772 .72 732 .72 772 772 772 381 .72 361 7.19 20sec 7.93 607 7.78 7.32 7.73 7.74 7.73 565 587 773 1.73 669
215ec 459 537 6.16 518 561 3.2 5.33 436 225 620 510 412 558 3.70 4.97) 4.78 21sec 772 772 172 771 172 172 172 132 .72 172 .72 172 414 172 382 7.22 215ec 7.93 769 7.73 382 7.73 773 774 627 6.48 773 1.73 . . 6.68
22 sec 5.04 6.05 4.29 560 4.79 377 4.72 506 2.44 6.01 5.87 471 6.01 3.86 5.40| 4.51 225ec 772 772 772 772 7.72 771 772 7.2 7.72 7.72 1.72 7.72 4.61 7.72 4.32) 7.29 22sec 7.73 7.07 7.73 368 7.74 7.73 7.73 6.45 6.68 7.73 7.73 7.73 7.33 193 7.26] 6.82
23sec 5.68 623 4.31 6.03 4.88 464 4.83 581 284 529 5.45 547 6.03 4.26 5.79| 517 23sec 772 772 7.72 792 7.72 772 7.72 7.92 7.71 732 7.72 7.71 522 772 455 734 23 sec 7.74 453 7.73 460 7.73 7.73 7.73 665 7.00 7.74 7.73 7.73 7.69 603 7.6§] 7.07
2asec 6.13 567 4.68 516 5.14 568 5.12 582 351 534 371 6.15 548 4.91 6.18| 5.25 24sec 7.72 771 7.72 772 7.72 772 7.72 7.72 7.72 771 7.72 7.72 5.85 7.72 5.14| 7.42 24 sec 7.73 505 7.73 6.36 7.73 7.73 7.73 6.88 7.39 7.73 7.73 7.73 7.74 691 7.74 7.33
25 sec 3.89 431 5.26 473 554 6.1 5.56 450 4.41 552 384 4.43 553 568 6.49) 505 25 sec 7.2 772 732 132 172 132 172 172 .71 132 7.2 7.72 6.08 771 581 7.48 25sec 7.73 683 7.78 7.2 793 773 7.73 733 7.73 7.40 1.75) 7.57
26 sec 3.75 4.40 5.89 4.82 5.92 5.89 5.98 4.60 550 5.71 4.17 3.93 5.64 6.18 5.13 517 26 sec 772 772 7.72 772 772 772 7.71 772 7.72 772 7.37 7.72 398 7.72 6.42| 7.36 26 sec 773 7.36 7.76 7.73 7.73 7.3 7.25 7.74 7.76) 7.66
27 sec 3.97 4.63 5.93 5.09 6.31 577 5.68 2.63 5.83 6.01 4.72 4.07 5.82 537 4.84 511 27 sec 772 772 7.72 772 772 772 7.72 772 .71 7.72 659 7.72 3.85 7.71 037 6.90 27 sec 7. 748 773 7.61 7.77 7.73 7.74 7.73 6.35 7.76 7.74] 7.62
28 sec 4.47 507 5.65 550 6.50 3.68 4.13 179 3.73 6.18 552 4.40 6.09 5.40 5.10| 4.88 28 sec 7.72 7.72 7.72 772 7.72 7.72 7.72 7.71 7.72 7.72 108 7.72 3.92 7.72 0.63| 655 28sec 7.73 7.06 7.73 7.77 7.73 7.73 7.73 7.74 7.77 7.73 7.73 7.73 6.69 7.76 7.74| 7.62
29 sec 520 566 6.21 591 643 361 4.22 158 380 545 621 4.95 641 553 5.49 511 29sec 7.2 772 331 132 172 172 772 172 1.72 772|042 7.72 4.15 7.72 048 6.51 29sec 7.73 7.25 7.78 7.36 7.73 774 733 734 732 774 773 7.3 187 7.75 7.7 7.31
30sec 596 614 4.16 621 627 373 4.50 164 407 538 4.07 556 619 571 586 503 30sec 772 772 772 772 132 772 772 7.72 772 7.72 054 772 453 771 265| 6.69 30sec 773 761 7.72 7.33 7.33 7.73 773 734 733 7.73 773 7.73[0.65 670 7.7 718
Avg 522 533 5.30 520 529 4.64 5.02 476 4.77 547 4.69 504 536 475 515 5.07 Gbits per sec (avg) Avg 7.59 765 756 7.02 7.22 664 745 734 7.71 772 €97 7.72 523 764 517 7.11 Gbits per sec (avg) Avg 766 695 7.73 7.28 7.41 7.50 7.26 6.11 7.44 7.73 7.73 7.55 6.41 6.28 7.02 7.20 Gbits per sec (avg)
Retransmissions Retransmissions Retransmissions
Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Scale Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Scale Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Scale
41 #2 3 B4 45 M6 BT M8 49 #10 H11 ¥12 #13 #14 M5 o ¥l #2 H3 B4 K5 M6 N7 H8 #9 K10 11 #12 #13 #14 M15 o #1 #2 #3 B4 ¥5 6 47 #8 #9 #10 #11 #12 #13 #14 #15 o
1sec © o 0 0 0o 0 4 0 © O 0O O O O O 149 1sec 6 0o 0 o 0 0 0 ©0 0O O 0 O 0 0 0 149 1sec o 0o 0 o 0 0 0 0 0 0 0 0 0 0 0 149
2sec © 6 1 29 14 0 06 0 © 8 0 0 0 0 0 5099 2sec 6 0 0 0 0 & 0 O 0 0 0 0 35 0 0 5099 2sec 0 0 0 o 0 4 0 © 0 0 0 0 0O O 0 50-99
Isec E] 3 o o o o o o o0 & o0 9 o o 5 100+ 3sec o o 0 o 2 o 0 o o o 0 o o o 0 100+ 3sec o o 0 o o o 0 o o o 0 o o o 0 100+
4sec o 0 27 0 o 32 35 334 22 0 31 0 2 41 0 4sec o o 0 o 2 o 0 o 1 o 0 o o o 0 A4sec (] 1] 0 0 o o 0 o o o 0 o o o 0
5sec © 27 o 0 © 0 0 0 © O O 32 0 0 O 5sec © 0 0 0o 0 0 0 0O 0O O 0 O O 0 0 Ssec o 0o 0 o 0 0 0 © 0 0 0 0 0 0 0
6sec 226 0 06 0 @ 0 13 2 8 0 0 3} 14 0 6sec 6 0 0 0 2 0 0 © 0 0 0 0 0 0 0 6sec o 0 0 o 0 0 0 © 0 0 0 0 0O O 0
7sec e o o 0 0 0 0 0 © © 0 0 0 0 0 7sec 6 0 0 o0 6 0 12 1 06 0 0 0 2 1 1 7sec 0 10 0 2 0 2 0 0 0 0 1 0 0 1
8sec 6 0 0 3 2 0 1 0 © O 0 0 0 0 O 8sec 6 0 1 2 0 &4 06 3 0 0 0 0 2 1 3 8sec 6 2 0 0o 0 0 0 ©O 0O O 0O 1 0 2 0
9sec © o © 0 0o 0 0 O ©O 1 0O O O 0 O 9sec © 0 0 3 0 1 0 © 0 0 0 0 1 0 1 9sec 0o 6 0 o 2 0 2 .0 3 0 0 0 0 3 2
105ec 7/ 0 0 0 31 0 0 w[0 2% 17 0 0 27 10sec © 0 0 0 0 0 0 O 0 0 0 0 0 0 0 10sec 6 0 0 0 0 0 0 7 0 0 0 0 0 0 0
11sec © 0 17 3% 0 0 0 31 0 O 0 O I 0 O 11sec 6 0 0 0o 0 0 0 O O O O O 4 0 O 11sec o 0o 0 o 0 0 0 3 0 0 0 0 0 0 0
125ec © 3% 0 0 0 3 0 0 0 O 0 5 0 0 0 125ec 6 0 0 0o 0 0 0 O 0 0 0 0 2 0 0 125ec © 0 0 0 0 0 0 1 0 0 0 0 0 0 0
13sec o 6 o 0 0 0 0 5 © O 0 0 ©0 3 0 13sec 6 2 0 0 0o 0 0 © 0 0 0 0 7 0 0 13sec © 2 0 0 0 0 0 O 0 0 0 0 0 0 0
14sec 0 0 3% 0 13 0 4 0 0 O 0 0O 0 0 O 1asec © 0o 0 0o 0 0 0 O 0 0 0 0 3 0 0 14 sec 6 0 0 0 0 0 0 © 0 0 0 0 0 0 0
15sec © 0 0 0 14 0 0 0 0 O 0O O O O O 15 sec 6 0 0 0o 0 0 0 O O O O O 1 0 O 15 sec 0 0 0 o 0 0 0 0 0 0 0 0 0 0 0
16sec 2 40 0 0 0 0 0O 0O &8 0 O 0O O 34 165ec © 0 0 0o 0 0 0 O 0O O 0 O 0 0 0 16 sec o 0o 0 o 0 0 0 © 0 0 0 0 0 0 1
17sec 28 6 0 16 0 @ 24 0 12 0 2 0 68 0 0 17sec 6 0 0 0 0 0 0 © 0 0 0 0 2 0 0 17sec © 0 0 0 0 0 0 O 0 0 0 0 5 0 1
18 sec 13 0 o o o 32 0 25 7 o o 27 0 0 19 18 sec o o 0 o o o 0 o o o 0 0 22 0 5 18 sec (] 3 0 0 o o 0 o o o 0 o 1 3 2
19 sec 16 0 40 O o o o o o o o o o o 4 19 sec o o 0 o o o 0 o o o 0 o 3 o 0 19 sec (] 1] 0 0 o o 0 1 1 o 0 o o 3 0
20sec © 0 0 15 0 0 0 0 24 ©0 0O O 0 2 0 20sec 6 0 0 0o 0 0 0 ©0 0O O 0 0 8 0 1 20sec o 0o 0 4 0 0 0 © 0 0 0 0 0 1 0
21sec 6 0 22 0 18 0 7 0 @6 8 0 0 0 0 0 215ec 6 0 0 0 0o 0 0 © 0 0 0 0 1 0 0 21 see o 0 0 3 0 0 0 © 0 0 0 0 0O O 0
22sec o ¢ o 0 0 0 0 0 © 8 0 0 0 © O 225ec 6 0 0 0o 0o 0 0 © 0 0 0 0 1 0 a 225ec 0 1 0 0 0 0 0 © 0 0 0 0 0O O 0
23 sec o 9 o o o o o o o 0 13 0 7 o o 23 sec o o 0 o o o 0 o o o 0 o 5 o 6 23sec (] 1 0 0 o o 0 o o o 0 o o o 0
245ec 13 24 0 % 0 0 0 29/ 0 0 0 O 0 0 4 245ec 6 0 0 0o 0 0 0 © 0O O 0 0 2 0 2 24 sec o 0o 0 o 0 0 0 © 0 0 0 0 0 0 0
255ec © o © 0 ©o 7 06 0 © O O 31 0 0 O 25 sec © 0 0 0o 0 0 0 ©0 0O O 0O 0 2 0 2 25 sec o 0o 0 o 0 0 0 © 0 0 0 0 1 0 0
26 sec o o 0 0 0 0 0 O O O O O 0 3 & 26 sec 6 0 0 0o 0 0 0 O O O 4 0 0 O 1 26 sec o 0o 0 o 0 0 0 0 0 0 0 0 1 0 0
27 sec 06 0 30/0 12 2 12 4 23 .0 0 0 0 0 0 27 sec 6 0 0 0o 0 0 0 O 0 0 2 0 9 0 2 27sec © 1 0 0o 0 0 0 ©O 0O O 0 0O 2 0 0
28sec e o 6 o o0/3/6 1/86 11 0 0 0 0 0 28 sec 6 0 0 0o 0 0 0 ©O 0 0 3 0 7 0 10 28 sec © 0 0 0o 0 0 0 O 0 0 0 0 1 0 0
29sec © o o o0 2 0o 0 1 o0[B@ o 0o 1 0 0O 295ec © 0o 0 0o 0 0 0 O 0 0 0 0 7 0 0 29sec o 0 0 0 0 0 0 © 0 0 0 0 2 0 0
30 sec 0 0 & 37 0 0 0 0O O O 3 0 0 0 0 30sec 0 0 0 0o 0 0 0 ©O O 0O 0 0 8 0 0 30sec 0 0 0 ©o 0o 0 0 © 0o 0o 0 0 0o 2 0o
Total 140 190 188 177 124 158 97 143 100 223 136 121 142 149 99 146 Total o 2 1 5 & 9 12 4 1 o 9 0 146 2 38 16 Total [] 11 0 7 4 4 4 12 4 [ 0 2 22 14 7 6
retrans retrans retrans
per test (avg) per test (avg) per test (avg)
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Presenter
Presentation Notes
Compares LAN (<1ms RTT), WAN without congestion (50ms RTT), and WAN with congestion (50ms RTT with 2GB UDP background traffic).

Top graph is rate over time, with each test layered on top of each other. The variations we believe are due to the network emulation we’re using to introduce that 50ms delay.

Middle block diagram? Is also rate over time, each column is a separate test, with the time on the Y-axis. Green is good rate. Yellow, orange and red is progressively worse rate.

Bottom graph is similar, each column is a separate test, with time on the Y-axis but this time we’re looking at packet loss per second. Green is good, no packets lost, anything else is packets lost, with red being the worst.

So what does this tell us? This confirms that on the simulated WAN connections with 50ms RTT, packet loss results in a major impact to transfer rate.

This particular example is a Cisco 6704 linecard (4x10G) with about 16MB of buffer per port.
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TCP Throughput Scale TCP Throughput Scale TCP Throughput Scale
Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test 10.00 Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test 10.00 Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test 10.00
41 #2 #3 #A H5 @6 BT M8 M9 #10 F11 M12 813 #14 K15 [Avg 9.50 #1 #2 #3 84 #5 6 47 #8 #9 #10 #11 #12 #13 #14 M5 Avg 9.50 w8 46 #7 #8 49 #10 #11 #12 #13 #14 #15|Avg 950
1sec 1.98 167 180 183 148 193 196 185 133 192 185 091 1.85 169 193 173 9.00 Lsec 428 500 550 326 368 426 388 3.16 440 349 375 460 3.76 551 381 416 9.00 1sec 487 731 7.73 407 7.73 7.78 773 682 773 515 5.77 698 4.94 567 9.00
2sec 228 256 2.04 255 2.46 219 253 288 188 249 211 147 2.89 267 2.24) 235 850 Zsec 524 576 522 4.16 472 5.22 491 352 537 441 455 550 457 5.24 4.82] 481 850 2sec 7.06 241 7.74 7.73 7.73 450 7.74 7.73 7.74 7.26 7.73 7.00 6.88 7.35 6.9 61 250
3sec 239 217 2.78 287 3.32 151 2.96 3.71 193 288 2.34 2.25 3.73 171 2.84) 263 8.00 3sec 578 394 336 5.32 557 534 592 501 447 560 556 4.74 5.55 3.34 5,82 502 800 3sec 7.53/026 7.73 7.73 7.73 5.06 7.73 7.3 7.73 7.66 7.78 7.47 7.40 7.71 7.4 P £.00
asec 101 143 239 212 3.63 164 2.83 3.32 259 3.03 150 3.36 3.88 171 3.19) 251 750 4sec 578 339 3.48 5.04 288 342 554 5.35 256 399 4.22 3.40 4.18 345 550 4.16 7.50 asec 774 225 793 793 773 364 773 7.93 793 773 7.73 7.98 7.35 774 773 7.10 750
Ssec 115 154 115 097 2.69 2.01 195 219 2.71 104 161 4.05 2.20 154 2.02] 195 7.00 Ssec 417 359 381 3.46 265 351 5.46 339 268 343 338 354 340 379 4.94) 368 7.00 5sec 773 660 7.93 7.74 774 284 773 7.78 793 774 7.73 7.96 7.36 774 7.73 734 700
6sec 152 150 127 110 191 263 177 2.36 1.85 112 185 2.52 213 248 2.13] 191 650 Gsec 312 405 4.44 360 289 388 438 350 3.03 362 357 393 357 4.41 339 368 650 6sec 793 714 793 793 773 293 7.73 7.33 794 775 7.73 197 7.74 773 7.75 738 650
7sec 211 254 166 147 2.02 260 196 274 1.97 144 256 2.40 239 228 2.49) 218 6.00 Tsec 352 474 533 3.94 340 4.46 472 381 361 413 401 458 396 5.21 3.50) 418 600 7 sec 773 758 7.74 7.73 7.73 312 7.73 7.73 7.73 627 7.73 7.76 7.73 6.88 7.7§ 7.26 .00
8 sec 2.92 350 2.29 207 2.40 186 234 341 2.37 197 352 267 2.89 151 3.07] 259 550 Bsec 415 561 569 458 411 530 526 4.43 4.4 483 4.72 546 4.62 547 3.90) 484 5.50 8sec 793 774 7.93 7.73 6.80 348 774 7.93 773 7.5 772 653 773 703 550
9sec 3.94 424 321 276 3.01 198 3.01 419 3.01 280 3.96 3.18 3.64 163 3.95 3.23 5.00 9sec 510 419 571 5.44 516 524 585 5.23 551 571 5.60 5.60 5.49 338 4.50) 518 5.00 9sec 793 773 7.93 794 651 392 773 7.93 773 773 774 643 779 703 500
10sec 3.85 258 3.79 263 3.89 241 352 416 3.08 3.03 452 4.02 3.79 150 4.60) 345 450 10sec 570 337 4.44 4.90 527 337 524 570 4.79 313 450 5.74 538 347 5.3 4.69 450 10sec 793 776 7.93 7.3 400 454 773 7.4 793 734 773 370 779 674 450
11sec 351 213 386 3.40 4.56 3.08 180 4.80 2.08 362 2.85 4.93 2.29 238 4.54 335 4.00 llsec 412 351 336 3.40 3.85 3.45 564 546 3.7 259 3.41 518 434 3.78 4.9 405 4.00 11cec 773 775 7.74 773088 527 7.73 7.73 774 773 7.73 484 7.7 661 4.00
125ec 4.02 239 2.73 204 4.98 316 187 266 2.19 316 231 2.93 2.18 3.10 3.2 287 350 12sec 496 393 351 351 385 381 490 5.78 3.82 277 357 439 4.44 437 3.3 407 3.50 12sec 773 478 7.93 7.73/040 591 7.74 7.3 .73 773 677 7.74 554 350
13 sec 4.74 293 157 191 211 2.14 2.09 275 2.58 268 2.78 295 2.43 349 1.48| 258 3.00 13 sec 5.71 4.60 3.92 3.84 4.25 4.35 3.36 4.37 4.03 3.21 4.00 4.79 4.69 5.19 3.48| 4.25 3.00 13 sec. 7.73 395 7.73 7.73 332 423 7.73 7.73 7.33 7.73 7.74 7.14 7.73| 6.70 3.00
14sec 4.02 222 182 211 2.30 2.1 249 305 3.24 279 355 3.22 2.97 3.09 159 27 250 lasec 226 546 4.61 4.41 4.73 517 348 4.72 430 391 4.66 5.43 5.10 579 3.83 452 250 14sec 773 431 7.73 7.4 6.86JJ001 7.73 7.73 649 551 7.73 7.93 7.93 7.58 7.73 669 250
15sec 2.84 206 2.33 254 2.76 236 3.11 3.58 4.27 3.08 4.60 3.79 3.76 355 19 a1 200 1Ssec | LB 565 5.46 5.23 5.45 553 388 5.28 4.73 4.89 5.55 585 5.60 528 4.4 4.98 200 15 sec 773 661 7.93 7.73 734/ 018 7.73 7.7 6.88 602 7.73 7.98 7.93 774 7.79 696 200
16sec 300 215 310 324 3.56 261 3.94 4.41 371 362 384 .64 345 4.18 2.58 347 150 16sec 203 519 531 5.69 5.61 281 4.47 5.89 5.31 576 5.59 4.40 5.7 531 5.27] 496 150 16 sec 773 719 7.7% 773 7.71 130 7.73 7.73 654 6.8 7.73 7.93 773 7.73 7.73 709 150
17 sec 3.39 253 2.80 3.80 458 298 4.27 299 3.02 437 291 451 2.11 344 3.48] 341 100 17 sec 249 525 4.36 4.72 2.55 273 5.34 4.53 5.79 5.67 5.29 4.48 5.21 545 5.45) 4.62 1.00 17 sec 7.73 7.59 7.73 7.73 7.75 3.65 7.74 7.73 6.77 3.47 7.74 7.73 7.73 7.74 7.74| 7.10 1.00
18sec 4.06 3.05 157 435 2.83 3.53 266 2.63 3.16 361 3.06 3.36 2.15 385 4.43| an 050 18sec  3.22 538 4.47 4.74 2.63 295 547 4.45 4.28 4.75 535 4.69 5.26 5.64 4.41] 4.51 0.50 18sec 7.73 773 7.73 7.74 7.76 408 7.73 7.73 7.03 358 7.73 7.73 7.73 7.73 7.73| 717 050
19 5ec 4.45 380 170 421 2.70 422 274 285 3.46 385 350 3.46 2.35 455 4.4 .49 000 19sec 425 5.62 472 4.85 287 341 459 4.63 3.38 336 5.50 5.06 5.38 584 4.46] 4.53 0.00 19sec 793 774 7.93 773 778 464 773 774 6.95 371 7.73 798 7.93 773 779 721 000
20sec 2.75 471 210 321 2.95 5.03 3.08 336 3.96 434 424 372 2.67 359 3.99 358 0sec 545 585 5.17 5.09 334 411 465 499 3.5 350 5.69 561 5.58 513 4.69 483 205e¢ 774 775 7.93 733 774 527 7.73 7.33 6.98 397 7.73 7.93 7.93 773 7.73 727
21sec 217 228 2.72 363 3.45 346 366 411 4.70 473 496 423 321 272 3.21] 355 2Lsec 486 490 5.70 5.40 407 5.10 488 550 3.97 384 5.89 544 579 275 5.11] 488 215ec 773 774 7.98 773 773 586 7.74 7.3 7.10 430 7.78 7.93 7.93 773 7.73 734
22sec 2.34 225 366 435 4.23 2.14 452 413 339 498 5.16 4.96 3.86 288 3.33) 175 22sec  4.45 3.52 513 576 5.05 5.48 525 5.90 4.62 4.44 591 2.05 5.79 3.47 5.61] 4.86 22 sec 7.73 775 7.73 773 7.73 641 7.73 7.3 7.26 4.82 7.73 7.73 7.73 7.74 7.74) 7.42
235ec 2.78 244 242 439 5.05 231 3.49 441 2.19 414 370 3.70 301 329 3.5 .39 23sec 457 427 4.19 5.94 534 338 571 585 5.49 532 5.95 220 5.18 4.83 5.73) 493 23 sec 793 773 7.93 774 773 238 773 7.33 746 546 7.73 793 7.93 773 773 720
24 sec 3.45 278 192 472 3.55 2.71 1.27 478 2.26 146 3.50 3.59 3.06 3.96 4.08| 114 24 sec 488 578 429 595 3.33 347 538 422 4.51 530 511 2.26 5.23 5.09 5.15 4.66 24 sec 773 773 7.73 7.73 773/ 008 7.73 7.74 768 597 7.73 7.3 7.93 1.73 1.73| 7.10
25 sec 410 331 205 343 3.40 339 135 144 243 156 3.72 3.71 3.28 458 3.4 104 2Ssec 534 363 458 6.01 3.46 374 449 421 338 341 409 236 536 541 5.17) 431 25 sec 773 773 7.93 773 773020 773 7.33 774 452 7.73 798 7.93 773 7.73 702
2658 320 403 236 276 352 438 165 152 270 189 4.07 4.07 368 452 2.43 112 sec 582 337 5.05 4.80 372 428 455 439 3.52 350 417 251 554 5.75 5.3 442 265ec 7.3 774 7.93 773 7.73 187 7.73 7.73 7.73 3.86 7.73 7.93 7.73 7.74 7.74 708
27 sec 327 478 284 320 374 339 216 180 3.06 244 4565 4.60 435 513 255 146 2sec 481 357 566 4.27 4.27 503 480 4.79 3.93 383 4.6 272 5.77 5.36 5.5 482 27 sec 793 773 7.93 773 774 375 7.73 7.3 541 381 7.73 7.73 7.74 7.73 7.7 704
28 sec 3.48 277 352 388 4.06 272 292 2.32 3.58 329 460 4.78 463 358 2.9 354 Bsec 433 403 558 4.44 5.05 577 522 534 454 435 4.85 299 5.9 5.20 5.7 430 28 sec 793 773 7.93 774 773 413 773 695 522 405 7.73 793 7.93 773 7.7 703
29sec 3.88 245 4.42 482 4.50 250 241 311 4.23 440 3.08 332 182 255 359 347 29sec 452 474 5.02 4.80 557 243 568 589 5.42 519 5.47 330 5.85 525 5.62] 498 205e¢ 774 773 7.93 773 773 473 773 514 697 436 773 794 7.3 773 7.79 707
30 sec 4.46 257 280 333 510 333 194 420 5.00 362 3.12 3.20 188 3.12 2.2 333 30sec 482 560 507 531 3.16 212 5.93 4.81 572 565 571 370 578 535 5.08| 492 305ec 7.3 774 7.92 773 773 540 7.73 338 403 479 773 7.92 7.93 773 799 687
Avg 3.10 273 249 2.99 336 276 261 319 293 298 334 3.48 295 306 3.07 3.00 Gbits per sec (av) Ave 439 460 4.74 473 4.09 410 4.96 4.82 4.30 4.25 4.80 4.22 5.07 4.80 4.80 4.58 Gbits per sec (av) Ave 7.61 665 7.73 7.73 685 358 7.73 7.49 7.13 514 7.J3 7.62 7.63 7.28 761 7.03 Gbits per sec (ave)
Retransmissions. Retransmissions Retransmissions
Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Scale Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test Scale
W1 82 #3 e 45 86 A7 48 49 410 WLl #12 413 #14 WIS ) Bl R 3 B4 K5 #6 47 K3 A9 R10 #11 B12 #13 B4 HIS Scale Wl #2243 B4 WS 86 47 WS B9 410 411 HI2 M3 W14 415 [
1sec o o 2 0 0 o 0 0 0 0 4 0 0 0 0 149 1sec o 0o ¢ 0o 0 0 0 © O 0 0 © 0 0 0 1sec 6 1 0 o 0 0 0 0 0 0 0 0 0 0 0 149
2sec a 7 o 8 0 9 13 o 3 5 o o 0 o 3 50-99 2sec 1] 0 9 o 1] 0 0 o o 0 o o o 13 10 149 2sec o 3 o o o 2 0 o o o 0 o o o 0 50-99
3sec 7 9 o 0 10 o o & 0 6 220 0 5 4 o 100+ 3sec 45 24 0 o 1 29 5 0 20 0 34 o L] o 10 50-99 3sec o o o o o 2 0 o o o 0 o o o 0 100+
4sec 50 0 31 35 3 0 15 2 0 606 0 4[0 u asec 000 0 4 1[0 0 e 0 2[00 17 9|0 0 100+ 4sec o 0 0 0 0 2 0 ©0 0 0 0 O O 0 0
ssec 0o o 6 0 s o 10 130 0 4 8 0 0 Ssec 42/ 0 0 0 0 0 25/0 0 0 0 ©o O 0 3 Ssec o 0o 0o o 0o 2 0 © 0 0 0 0 0 0 0
6sec © o 0 0 0 © 3 0 0 0 0 0 0 0 0 6sec 6 0 0 0 0 0 0 06 0 0 0 @ 0 0 0 6sec 0 0 0o 0o o 1 0 0o 0 0 0 O 0 0 0
7sec © 0 0 0 0 5 0 0 0 0 0 0 0 5 0 7sec 6 0o 0 0 0 0 0 06 0 0 0 @ 0 0 0 7sec 0 0 0 0o 0 s 0 0 0 4 0 O O 3 0
8sec 0 0 0 0 0 0 0 0 0 0 O 0 0 0 0 8sec 6 0 11 0 0 0 0 O O 0 0 0 0 8 0 8sec 0 0 0 0 3 7 0 0 0 1 0 0 0 1 0
9sec 0 4 o 2 0 o o 3 0 o E) o 0 o o 9 sec [] 5 0 o 0 22 0 o L] 0 11 0 L] o 0 9sec o o 0 o 1 2 0 o o 1 0 o o 2 0
10 sec 12 9 4 o 0 o 4 o 7 5 o o 9 o 1 10 sec 53 0 14 41 20 0 24 29 55 10 0 S1 23 o 0 10sec o o 0 o 3 5 0 o o o 0 o o o 0
1 sec © 0 3.0 2 © 0 5 0 0 75 190 0 0 Mec 0 0 0 0 0 0 O 0 0 0 2 0 9 0 19 11sec 0 0 0 0 0o 5 0 0 0 5 0 0 0 0 0
12 sec o o 5 6 5 (152 0 o 0 172 o o 0 0 1 12 sec. 1] 0 0 0 1] 0 17 29 0 0 0 o L] o 0 12sec o 3 o o o 1 0 o o 2 0 o o o 0
13 sec o o o 0 25 0 o o 0 o o o 0 1 o 13 sec. 9 0 0 0 1] 0 0 0 L] 0 0 o L] o 0 13sec o 1 o o o 8 0 o 4 2 0 o o o 0
14sec g2 0 0 0 0 0 0 0 0 0 0 0 0 0O Msec (3%l 0 0o o 0 0 0 © 0 0 0 0 0 14 0 1sec o 0 0o 0o 0o 0 0 0 2 2 0 O 0 0 0
15sec o o 0o 0 0 0 0 0 0 0 80 0 0 0 0 15 0 3% 0 0 039 0 0 0 0 2 0 0 0 0 15 sec 0 0 0 0 0 1 0 0 1 1 0 0 0 0 0
16 sec © o o 0 0o o o o4 o 0 o83 3 o 16sec | 0 "0 58 2043 0 o © 0 2070 B & 0 0 16sec o 0o 0o o 0o 0 0 0 0 2 0 0 0 0 0
17 sec o o 13 10 4 0 14 17 0 3 0 64 1 o o 17 sec 1] 0 0 o 1] 0 0 3.0 ] o 0 o o 13 17 sec. o o o o o a4 0 o o 1 0 0 o o 0
18sec © o 0o 0 5 0 0 0 0 1 0 0 0 0 U Bsec 0O 0 O 0 0 O 40 24 8 0 0 O 0 0 18sec 6 0 0 0 0 3 0 0 1 11 0 O 0 0 0
19sec & 0 0 1 0 0 0 0 0 0 0 0 0 0 0O 9ee 0 0 0O 0 0 0O 0 © 0 0 0 0 O 0 0 19sec 6 0 0 0 0 & 0 ©0 0 15 0 0 0 0 0
20sec s s 0o 0 0 © 0o 0 0 0 0 0 o0 18 0 O 0 O O 0 0 0 © 0 0 0 O O 1 0 20sec 0 2 0 0 0 2 0 0 0 15 0 0 0 0 0
21 sec 0 68 0 o 0 15 0 o 0 3 a o 0 o o 21 sec 15 & 0 o 1] 0 o o o ] 1 0 o o 0 21sec o o o o o 1 0 o o 6 0 0 o o 0
22 sec o o o o 0 o o 3 /112 0 34 0 10 0 o 22 sec 1] 1 17 0 o 37 0 1 o ] 2 9 9 o 0 22sec o o o o o o 0 o o 10 0 0 o o 0
23 sec o 0 27 10 24 0 (20 O 0 28 0 1 0 o o 23 sec [] 0 0 9 5 0 0 10 0 0 o L] o 16 23sec o o o o o -3 0 o o 5 0 o o o 0
245ec o o 0 0 2 ©0 0 1 0 0 0 0 0 0 0 Msec 0 © 0 @ © 0 2/0 11 10 0 27 0 0 0 24sec o 0o 0o o 0o 0 0 © 0 & 0 0 0 0 0
25 sec s 0 0 3 0 © 0 0 0 0 0 0 0 0 15 sec 0 21 0 5 0 0 0 © 0 0 © o O 0 0 25 sec o 0o 0o o 0o 0 0 © 0o s 0 © 0 1 0
26 sec © o 0o 0 0 © 0 0 0 0 0 0 0 2 0 %sec 0 0 O 1L 0 0 O © 0 0 0 0 0 0 0 26 sec o 0 0o 0o 0o 0 0 0 0 5 0 0 0 0 0
27sec © 13 0 0 0 2 0 0 0 0 O 0 0 0 @ 7 25 0 0 @ 0 0 0 ©0 0 0 O ©0 0 24 0 27sec 6 0 0o 0 0 3 0 © 2 & 0 O 0 0 0
28sec 018 0 0 0 0 0 0 0 0 42[18 60 48 0 Bsec (O O 46 0O 0 5 0 ©0 0 O © O 1B 0 0 28sec 0 0 0 0 0 & 0 3 0 &5 0 O O 0 0
29sec o 0 0 0 0 0O 4 0 0 0 0 0 0 0 0 9 0O 0 O O 1 3.0 ©0O 0 0 0 ©0 O 0 8 29sec 6 0 0 0 0 5 0 2 1 5 0 O 0 0 0
30sec o ol® s 0 o 0 0 0 11 0 0 0 0 2 e 0 0 0 0 1.0 16 3 4 18 0 1 3 0 30sec 0 0 0 0 0o 1 0 o 1 5 0 0 0 0 0
Total 106 544 155 151 131 210 247 53 308 240 202 323 280 85 215 220 Total 585 93 155 130 185 417 205 199 151 95 104 121 79 118 108 183 Total o 31 o o 7 116 0 5 12 130 0 [} [ 7 0 21
retrans. avg retrans retrans
per test (avg) per test per test (avg)
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Presentation Notes
Compares LAN (<1ms RTT), WAN without congestion (50ms RTT), and WAN with congestion (50ms RTT with 2GB UDP background traffic).

Top graph is rate over time, with each test layered on top of each other. The variations we believe are due to the network emulation we’re using to introduce that 50ms delay.

Middle block diagram? Is also rate over time, each column is a separate test, with the time on the Y-axis. Green is good rate. Yellow, orange and red is progressively worse rate.

Bottom graph is similar, each column is a separate test, with time on the Y-axis but this time we’re looking at packet loss per second. Green is good, no packets lost, anything else is packets lost, with red being the worst.

So what does this tell us? This confirms that on the simulated WAN connections with 50ms RTT, packet loss results in a major impact to transfer rate.

This particular example is a Cisco 6704 linecard (4x10G) with about 16MB of buffer per port.


Arista 7150 (~8MB?) Arista 7504E (VOQ?)

Bandwidth Bandwidth * P t aA h 1 t
0 10 etr cnipsets may
9 9 2
: S E— | have 50MB buffer max>.
7 7 : = .
i Tested unit had Arad
b F s
2 2 .
) - chipset, unclear on max
3 / ]
N buffer si
. urrer size.
0 o . S . . . . .
12345678 910111213141516 1718 192021 2223 2425 26 27 28 2930 123456 7 8 910111213 141516 17 18 19 2021 22 23 24 25 26 27 28 29 30
Secands : Seconds
TCP Throughput Scale TCP Throughput Scale
Test Test Test Test Test Test Test Test Test Test Test Test Test Test 10.00 Test Test Test Test Test Test Test Test Test Test Test Test Test Test Test 10.00
Bl M2 43 WA 65 46 4T w8 @9 #12 W13 #14 815 Avg 9.50 M1 2 N3 4 65 #6 A7 B B9 W10 w11 M12 M3 14 ;5 |Avg 950
1sec 151 226 3.67 150 161 227 2.18 197 141 213 2.08 218 2.32 210 9.00 1sec 661 7.09 7.0 7.12 7.09 708 7.15 7.18 7.04 6.62/054 7.25 4.31 723 7.4 6.48 9.00
2sec 238 327 4.68 229 228 326 3.14 296 212 306 3.02 3.23 3.33 3.03 850 2sec 7.27 748 7.48 7.52 752 7.48 7.55 7.58 7.45 7.36 3.73 7.62 4.45 7.62 7.74| 7.06 850
3sec 359 460 4.01 333 3.09 462 4.43 3.95 316 3.42 424 461 4.72 398 800 3sec 7.65 775 7.75 7.74 774 7.4 7.76 7.75 7.72 .70 6.87 772 4.65 7.74 7.72] 7.47 200
4sec 5.14 421 233 476 4.26 516 416 416 436 377 468 501 375 431 750 asec 775 737 7175 776 7.73 735 796 7.97 7.73 7.76 748 7.74 4.94 7.74 7.74) 754 7.50
5sec 3.27 3.03 246 308 4.96 484 2.99 521 4.92 485 3.03 4.95 298] 402 7.00 Ssec 795 775 7.6 771 733 796 7.94 777 774 175 705 173 5.27 175 1.7 758 7.00
6sec 3.08 315 2.85 206 2.98 256 3.14 327 296 411 3.4 372 316 310 6.50 6sec 797 274 777 7.6 173 796 7.72 773 7.74 275 796 173 5.65 7.7 1.7 761 650
7sec 331 355 353 226 3.10 308 354 278 280 287 348 399 360 3.20 6.00 7sec 7.55 GA4 6.41 642 734 682 7.72 652 7.72 772 7.76 665 6.02 565 7.6 6.95 6.00
8 sec 3.82 424 4.40.270 3.38 340 424 274 308 187 4.08 4.50 4.30) 356 550 8sec 4.88 652 6.55 6.55 3.93 6.63 513 6.64 7.73 7.69 7.73 6.80 643 5.51 6.63 635 550
9 sec 461 514 4.66 343 3.97 400 5.19 281 3.58 201 493 522 4.57 4.16 5.00 9sec 3.78 6.57 6.69 E.68 4.05 672 3.74 678 7.74 7.74 647 694 6.87 5.65 6.69) 621 5.00
10sec 4.2 342 238 445 4.91 490 284 250 4.33 236 369 307 291 377 4.50 10sec 532 696 6.95 697 552 6.95 5.22 7.09 7.73 7.73 532 724 7.32 597 6.87| 6.64 450
11sec 299 3.02 231 4.33 4.28 389 2.68 3.07 519 300 2.97 2.99 263 341 4.00 11sec 707 736 7.36 737 716 7.34 7.17 749 7.73 774 5.45 758 7.70 643 7.2 7 a00
12sec 3.09 322 260 291 3.03 259 2.86 331 5.03 391 315 322 284 3.20 350 12sec 747 773 7.2 772 758 130 7.60 775 7.73 7.73 5.76 7.73 7.15 7.03 758 751
135ec 3.44 370 316 305 3.18 316 321 361 304 439 352 3.73 3.22] 337 300 13sec 7.75 7.75 7.75 776 772 775 7.76 7.76 7.74 775 619 7.74 7.73 761 7.7 7.63
14 sec 4.07 4.46 3.99 342 356 358 3.75 3.98 295 352 4.20 4.50 3.77| 379 250 14sec 774 7.77 7.76 7.76 7.74 735 7.75 7.76 7.72 7.74 6.76 7.73 7.75 7.75 1.73| 7.68
15 sec 4.94 511 509 408 4.24 427 450 4.40 3.2 361 5.07 4.79 4.54) 4.43 .00 15sec 775 7.74 7.76 7.77 7.73 7.76 7.73 7.75 7.74 7.73 743 7.73 7.73 .75 1.72| 7.72
16sec 4.41 249 525 493 521 522 516 491 3.75 386 235 263 4.89) 433 150 16sec 7.62 684 6.85 660 657 7.25 7.73 629 7.75 774 7.76 481 7.74 7.74 7.74| 714
17 sec 371 241 3.96 3.93 4.08 420 411 496 4.55 433 196 2.72 2.90) 375 100 17sec 775 654 6.69 670 682 5.46 7.56 529 7.70 7.73 7.77 201 7.75 7.74 .48 667
18sec 3.77 264 299 301 395 401 459 287 506 499 2.08 3.03 298] 3.59 050 18sec 6.68 663 6:77 678 4.04 559 6.62 543 7.73 770 7.73 340 7.74 7.35 6.77| 6.46
195ec 3.95 3.16 3.16 .18 4.10 436 5.9 295 2.77 459 234 3.60 3.8 365 T 19sec 673 687 7.01 699 600 574 6.67 576 7.78 7.73 7.73 581 7.75 671 691 6.81
20 sec 4.24 391 359 361 4.44 451 361 3.00 2.44 381 276 4.43 3.89| 3.82 20 sec 698 7.26 7.36 7.34 7.08 6.09 6.84 6.23 7.73 7.73 7.71 6.23 7.75 6.78 7.19| 7.09
21 sec 4.67 4.95 4.26 430 4.96 504 2.54 3.10 265 392 337 494 4.70| 4.25 21sec 732 7.64 7.71 768 742 659 7.14 684 7.74 7.74 6.77 6.81 7.73 6.95 7.5 731
22sec 515 363 5.24 523 4.78 479 3.15 324 3.17 423 417 383 4.19) 427 22sec 7.69 7.76 7.74 7.74 769 719 7.57 751 7.72 7.74 662 741 698 7.27 7.73] 749
23sec 4.09 3.01 319 3.87 2.76 3.88 359 3.47 3.92 472 449 3.88 2.94| .76 23sec 295 777 .76 7.77 733 710 774 777 7.74 174 6.76 1.72 6.66 7.63 7.7 7.60
24 sec 169 320 305 3.74 267 395 431 3.77 4.99 532 471 412 3.07| 3.83 2asec 775 774 7.96 277 733 134 7.96 776 7.73 7.75 1.06 7.73 6.68 7.75 7.73| 763
25 5ec 176 3.65 329 383 278 422 5.00 414 381 388 5.19 453 3.45 392 25sec 7.43 720 7.68 7.59 778 7.34 7.73 7.76 7.74 7.73 748 7.74 6.74 7.75 7.7 7.56
26 sec 203 437 381 404 301 467 3.04 455 236 3384 438 5.14 412 3.98 26sec 597 6.66 7.74 207 7.73 7.70 7.73 7.73 7.74 7.74 1.75 7.73 6.82 7.75 6.26| 7.01
27 see. 254 523 458 437 334 528 3.00 5.04 247 406 4.07 823 5.02 a.07 27 sec 4.16 6.69 7.72 2.06 7.73 7.75 4.59 7.68 6.63 6.89 7.76 7.68 6.96 7.75 5.67) 651
28sec 3.24 297 304 325 453 281 444 441 378 4.13 384 28sec 393 689 7.74 401 7.74 774 3.82 7.73 653 529 277 614 7.12 653 5.77| 632
29sec 4.27 303 3.95 537 435 295 3.81 288 3.43 492 392 3,67 3.9 29sec 434 721 7.74 579 773 793 351 773 674 539 7.72 691 7.34 679 6.06) 6.61
30sec 4.86 325 403 485 5.06 300 456 2.97 4.26 477 422 3.75 415 30sec 658 758 7.73 625 772 774 6.16 7.73 7.03 566 656 7.06 755 692 651 701
Avg 3.61 3.61 3.71 3.69 3.74 3.98 3.74 3.58 3.49 3.71 3.96 3.67 3.75 Gbits per sec (avg) Avg 676 7.26 7.42 6.79 7.07 7.21 6.84 7.22 7.57 743 681 690 6.80 7.15 720 7.10 Gbits per sec (avg)
Retransmissions Retransmissions.
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Presentation Notes
Compares LAN (<1ms RTT), WAN without congestion (50ms RTT), and WAN with congestion (50ms RTT with 2GB UDP background traffic).

Top graph is rate over time, with each test layered on top of each other. The variations we believe are due to the network emulation we’re using to introduce that 50ms delay.

Middle block diagram? Is also rate over time, each column is a separate test, with the time on the Y-axis. Green is good rate. Yellow, orange and red is progressively worse rate.

Bottom graph is similar, each column is a separate test, with time on the Y-axis but this time we’re looking at packet loss per second. Green is good, no packets lost, anything else is packets lost, with red being the worst.

So what does this tell us? This confirms that on the simulated WAN connections with 50ms RTT, packet loss results in a major impact to transfer rate.

This particular example is a Cisco 6704 linecard (4x10G) with about 16MB of buffer per port.


Test 1: iperf3 overall results

How deep is “deep”’? About 60MB? per port.
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Ghitsfsec
=
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2.00
2,00 -
1.00
0.00 -
Brocade MLXe Arista 7150 Cisco 6704 Cisco 6716 Brocade MLXe Cisco 6716 Arista 7500
(1M default) [Oversub Mode) (64M) (Perf Mode)
[1] http://fasterdata.es.net/network-tuning/router-switch-buffer-size-issues/ 13 ERGSYSHIEI\EFWORK S e
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Presentation Notes
Looking just at the 50ms link with congestion, this is how the different devices and configurations compare to each other. Deep buffers, things with 64MB or more, all perform pretty much the same. Less than 64MB and there’s a noticeable difference.


Test 2. nuttcp

Same experiment setup as Test 1 (see slide 5)

Simulated WAN connectivity with congestion: 50ms RTT
hostl# tc qdisc add dev ethl root netem delay 25ms
host2# tc qdisc add dev ethl root netem delay 25ms

Add 2Gbps UDP background traffic on link:
host4# iperf3 -s
host3# iperf3 -c host4 -u -b2G -t3000

Basic test parametersl:
host2# nuttcp -S

hostl# nuttcp -18972 -T30 -u -w4m -RiX/Y -il host2

X = Rate Limit (Mbps)
Y = Burst Size (# of packets)

& ESnet B

[1] https://fasterdata.es.net/performance-testing/network-troubleshooting-tools/nuttcp/ 14
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Presentation Notes
The purpose of these experiments were to try to identify settings for nuttcp that will identify whether a small buffer switch is somewhere in the path. Same set up as the previous round of tests (go back to Slide 5?), still have 50ms RTT and a 2Gbps UDP background traffic to cause congestion. And what we’re varying are the rate in Mbps and the burst size in number of packets.


Test 2. nuttcp

Iterate through nuttcp tests incrementing rate and burst size
by 10 for each test from 100-600.

Example shell script:
#! /bin/sh
targetip=$1

for ((x=10; x<=60; X++))
do
rate=$(($x*10))m
for ((y=10; y<=60; y++))
do
burst=$(($y*10))
echo "nuttcp -18972 -T30 -u -w4m -Ri$rate/$burst -il $targetip"” >> /var/tmp/$targetip
nuttcp -18972 -T30 -u -w4dm -Ri$rate/$burst -il $targetip | grep TX >> /var/tmp/$targetip
sleep 5
done
done

. & ESnet B3
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Presentation Notes
This is just a quick and dirty script for iterating through the tests automatically and outputting the final results of each test to a file.


Arista 7120 (9MB buffers)

Packet Loss vs Burst Size
Per Rate
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Presentation Notes
So what we have here are a bunch of tests showing packet loss… 2500x 30 second tests. Each line is a different rate, starting at 100Mbps and going up to 600Mbps, and across the X-axis is the burst size in packets, also going from 100 to 600.

This is from an Arista 7120, which is an older 10GE switch with small buffers. And as you can see, it does fine at pretty much any speed up to a burst size of about 140 packets, and then packet loss increases pretty predictably. Again, the spikes and variations we suspect are due to the network emulation we’re using to introduce that 50ms delay.


uniper EX4300 (small buffers)

Packet Loss vs Burst Size
Per Rate
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This is a newer Juniper EX4300, still with small buffers like the Arista 7120, although I had a hard time finding exact figures. I did some quick iperf3 tests and its performance in the congested WAN simulation was very poor… average of around 2.5Gbps, which would suggest very small buffer.


uniper MX80 (deep buffers)

Packet Loss vs Burst Size
Per Rate
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And here’s the Juniper MX80 with deep buffers, and it had no packet loss during the tests incrementing from 100-600.


Test 2: nuttcp Conclusion

If this IS clean:
nuttcp -18972 -T30 -u -wdm -Ri300m/100 -il

And this Is not:
nuttcp -18972 -T30 -u -wdm -Ri300m/300 -1l

Then there is likely a switch with small buffers in
the path.



Presenter
Presentation Notes
So, what did we conclude? It looks like if you perform the first test, which is 300Mbps with 100 packet burst sizes, and it comes out clean, but then you perform the second test, which increases the burst size to 300 packets and you see packet loss: there’s probably a switch with small buffers somewhere in your path.
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Additional Information VeI SIIEE

mnsmitasin@Ibl.gov

Higher Resolution Test Results Brian Tierney
bltierney@es.net

http://www.smitasin.com/switch-buffer-testing

 Jim Warner’s Packet Buffer Page
http://people.ucsc.edu/~warner/buffer.html
» Faster Data @ ESnet

http.//fasterdata.es.net
» Cisco Buffers, Queues & Thresholds on Cat 6500 Ethernet Modules

http://g00.ql/gTyryX
e SWITCH.ch BDP Calculator

https://www.switch.ch/network/tools/tcp throughput/
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