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Collaborations with Cesar’s Group
Related to Future Internet

SDN Conflux (this talk is one result)
Superconductivity of virtual systems
SDN TCP

Traffic engineering and management



Motivation

e Future Internet (Fl) testbeds

— Allow deep programmablllty, resource slicing and
federation ‘

— Applied research in:
e Data Center Networks
e Software Defined Networks
* Network Function Virtualization:

e Examples:

% Exploring Networks
of the Future ¢
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Limitations

* For example, MapReduce optimization

running a job

— Not scalable

Initial | lower | upper Parameter name
setup | bound | bound
200 100 1,600 mapred.child.java.opts
100 80 1,120 i0.sort.mb
10 8 200 10.sort.factor
0.0 0.03 0.15 10.sort.record.percent
4,09 | 2,048 | 32,768 10.file.buffersize
0.7 0.5 0.8 mapred.job.shuffle.input.buffer.percent
0.66 0.4 0.8 mapred.job.shuffle.merge.percent
1,000 0 1,200 mapred.inmem.merge.threshold
0 0 0.8 mapred.job.reduce.input.buffer.percent

— There are >220 parameters to configure before

— Difficult to reconfigure (domain skills)
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Fig. 5: Plot for the execution time for three runs of 50 iterations
using COBYLA.

Desani, D., Gil-Costa, V., Marcondes C., Senger, H. “Black-box Optimization of Hadoop Parameters
Using Derivative-free Optimization Methods”. Submitted to CloudCom 2015.



[Iupulug\ generator | [ Flow generator Work-load generator| |

Limitations

 For another example, transport layer protocol
— Insufficient aggregate bandwidth in testbeds

— Forced to change settings: bottleneck, delay and

cross-traffic conditions
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Testbeds and Simulation

e Survey of SIGCOMM papers (2007-2013)

— Physical Testbeds and Simulation

e A large proportion of the evaluative work
e Often used in complementary roles in the evaluative studies

— Testbeds

* For small-scale real-world studies

— Simulation
e For speculating scaling properties
e Use simplified models

* Questions are:
— how to bring them even closer?

— How to achieve flexibility, scale, and realism?



Direct Code Execution
In ns-3

Recompile application code

Provide kernel space code as
shared library

Use simulation clock

Results show scalability e

issues (too costly to run)

H. Tazaki. “Extracted from ns-3 Direct Code
Execution tutorial”

NS-2 Code

Legend

SACK processing

Interface between NS-2 and Linux

TcpAgent :> (Class Inherit
The original NS-2 TCP
{} ——» References
LinuxTcpAgent
A class for TCP-Linux
ScoreBoard] ns-linux-util. h / .cc

__f—f;’fjﬁrh

——

tep _cong. ¢
Reno

tcp highspeed. c
HighSpeed TCP

tep vegas. ¢
TCP-Vegas

tep bic.c
BIC-TCP

Linux Source(lm‘\k:‘\\ f /

e ]

ns-linux-c. h

Shortcuts for irrelevant Linux system calls

TCP Linux in ns-2 Implementation - Caltech

Application

(ip, iptables, quagga)

|

, TCP|UDP | DCCP | SCTP
l ICMP | ARP| IPv6 | IPv4
: memo,y Netfiter | Qdisc | Bridging
| Netiink | IPSec | Tunneling
|

:I\ﬂﬂuaiﬁ Core|| | struct net_device bog;:fm:fﬂ;f”’
| Kernel layer

ns-3
applicati

on

ns-3
TCP/IP
stack

ns-3 (network simulation core)




PrimoGENI for Hvbrid Experimentation

Aggregate
Manager
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Some Use Cases

A traffic generator:

Web server .

A delay node/network:

Apache web server
& Helix server

\ N
— | | |
| |
\ '
| = |
| |

httperf &
Real player

A virtual distributed
environment:




Our Symbiotic Approach in a Nutshell
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Steady-State Queuing Model

original model in simulation

Single-link Segment

Assuming M/D/1 Queue
AC

p

simulated Network Segment
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| |
> 1
: Drop or not ; M
I according to . ink
: . X in
(regenerated) queuesizé > ! bandwidth
emulated ! e L
flows ()\p) : ‘
14 4 A v
Measure effective
Measure drop arrival rate of Measure avarage
probability p emulated flow )\ep packet delay W,
e _________NeworkPipe Calculate service
g v "\ rate W* using the
emulated // \ \ _
flows ()\p) | \ Apply gueuing model
——+——+—>| packet drop —>
\ | accordingly
\ / / *
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downscaled model in emulation

14 Wade — 1+ W2(hg)?



What About Transient Effect?

e Well, steady-state does not work!

e Closed-form solution for transient effect is
rather elusive, even for Poisson arrivals

e We invent a “control nob” to dynamically
adjust u* from measurements



Adjust for Transient Effect

excess avg pkt dglay avg pkt delay
gueue length in emulation in simulation

AL(t) = p™ (1) (Wa(t) — Wi(?))

excess
service rate
_AL®) _ pr(@)(Wa(t) — Wi(?))

Ap(t) = =7 = AT

al) = wp@)+Ap ()
A (AT + Wa(t) — Wai(t))

AT(1+ Wi(t)A5(t) — 1+ WE(E)A5(£)%)

 The adjustment effectually forces the emulation system to “track”
the simulated network conditions at each update interval.
 The result can be extended to network segments with multiple links.
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Symbiosize This: = ]

Mini w IR

52 s3 s4
s5 || s6 || s7 s8 || 9 ||st0||s1]|s12]]s13
° Use Iightweight hl h4 h7 h1o | [ h13 | | h16 h19 | | h22 | | h25
containers (network h2 | hs || h8 |||/ h11||h14 [|h17|[|[h20 [|h23|]|h26
Nnamespa ces) h3 || he || h9 [||[h12||h15||h18 [|{| ha1 ||h24 | |h27

— Can create 100s of localhost server2 server3

containers per host (Cs1Jswitches  [h2 Jhosts [server2 ] Mininet servers

i Easy to program Setup — cross-server tunnels  — virtual Ethernet links

e Uniform and easy API

APl can be explored to
topo = Tree(depth=3, fanout=3)

Create a dIStrIbUtEd servers = [ 'localhost','server2’,'server3’]
emulation, for Iarger scale net = MininetCluster(topo=topo, servers=servers)

Figure 1: Sample Mininet Cluster

experiments "etf“')"t‘)
. . CLI(net
 However, still quite net.stop()

resource limited

...0r via simple command line options:

# mn --topo tree,depth=3,fanout=3
--cluster localhost,server2,server3



Downscaling process

Start by marking emulated hosts =\ N\ Blg
that will be instantiated as ’ g e/~
containers and capable of \ g

directly running any app (iperf)
Downscaling process

— Prune the network model and
remove all hosts, routers, and
links not traversed by emulated
traffic Fig. 2: A target virtual network with emulated traffic identified.

— compresses the pruned topology
by combining the intermediate
nodes and links visited by the

same set of emulated flows into i“”2 p(h312) p(1314) HSE“
a single network pipe .;’J\Hﬂb\ o Ond —
— Example: network segment %_. O_.%
between hl and r2 - single pipe i' /m]b/' o2 ~ o i'
In our workflow, we need =7 M) LI —

d led fil
ownscaled Tie Fig. 3: A downscaled network model to run in Mininet.



Distributed Option

Symbiotic approach can support
distributed emulation

Multiple mininet instances
operating in parallel

Unbounded amount of traffic to
be affected by emulation

— Example: flow h2 to h3 can be
emulated in a separate Mininet

Fig. 2: A target virtual network with emulated traffic identified.

than flow from h1 to h4. ;w-"-i'fe-tﬁ ------------------------------------------------------- :
Note that the state of the network i@l)ﬂﬁ(hm) e . M Pl
pipe, p(r2; r3), is mirrored on both = [UID—'"““’DW w 0=
instances; that is, they will be N ,‘w‘j""(; ““““““““““““““
controlled by the simulator with WA i S . ............ |
the identical link properties. = = = —
iE’;lm p(h2,r2) p(r2,r3) p(r3,h6) H 4E"=l:

_______________________________________________________________

Fig. 5: Downscaled models for two Mininet instances.



Mininet Symbiosis

* |Inour prototype we make use of:
— Mininet
— Primex Simulator

We keep similar mininet API

Under the hood:

— traffic monitor used to collect
measurements at each queue
traversed by the emulated flows,
including packet drop probability,
arrival rate of emulated flow,
qgueuing delay

— traffic generator collect information
from Mininet about the traffic
demand d from applications for each
emulated flow

|
J
for all qi
Traffic Monitor P Traffic Control
Every AT in real time
Traffic Generator |« Traffic Monitor —
d1, d2, ... dx =

Fig. 4: Mininet symbiosis setup.

#!/usr/bin/python

import threading

import sys

import socket

from mininet.net import Mininet

from mininet.node import OVSController
from mininet.link import TCLink

def traffic_controller( net, mn_pipes_file, sock ):
def traffic_monitor( net, mn_pipes_file, demand_file,

def main():
# Parsing downscale file
queues, pipes, flows = file.parseDownscale()

# Create a mininet network
net = Mininet( controller=0VSController )
net.addController( 'c@' )

info( 'skx Adding hosts\n' )
for sflow in flows
hosts[i] = net.addHost()
hosts[i+1] = net.addHost()

for pipe in pipes
totalbw = min(totalbw, queue[2])
totaldelay += int(queue[1])

linkopts = dict( bw=totalbw, delay='%sms' % to
net.addLink( hosts[@], hosts[1], cls=TCLink, x

info( '\mskx Starting network\n' )
net.start()

CLI(net)

net.stop()



Conclusions

Symbiotic simulation provides promising tradeoff
— a realistic environment for running network applications
— simula_tion to provide more flexible, large, and complex network
scenarios
Feasibility study while we currently undergo a full-scale
implementation

We are interested in simulator be able to connect with
multiple Mininet instances to support large-scale
experiments

Use symbiosis to study bandwidth-intensive OpenFlow
applications (Future Internet), which would otherwise be
difficult to realize in the traditional simulation or emulation
testbeds



