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QoS control methods help in scheduling some kinds of applications

Site A Srte B Site C Site D

WAN
File size > T TN
| Data transfer | Data transfer | Data transfer
Number of files > 1000 —
Data
Analysis Visualization User

Large-scale scientific visualization in grid environments

Large-scale grid applications
Duration of file transfer affects performance of grid applications

Remote backup and content distribution network
Each file transfer should be completed before the time requested by the user

Data (file) transfers in these applications have deadlines

Bandwidth reservation is effective, but It Increases cost
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Why we use DiffServ AF sGnz

Diffserv AF domain

Core router
RIO: RED with IN and OUT

Edge router

o

(6]
Sender Packets N | Receiver
Edge router Core router
Measures throughput Discards Red packets if network is congested

and marks packets with Green or Red

Reserved Bandwidth  Throughput  Green
Otherwise Red

Data transfers considered here are file transfers (not streaming)

Data transfers in DiffServ AF can efficiently use the available
network bandwidth



Problems with data transfer NICT

over DiffServ AF n etworks g?z
Throughput Packet losses
Bandwidth - :

capacity

/

Reserved
bandwidth Actual | !
th hput
Sk | Problem 2
No congestion = 0.75xreserved bandwidth
’ T'= in TCP NewReno
TCP throughput over DiffServ AF network 'me
Problem 1

reserved bandwidth >> necessary bandwidth
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Factors in minimizing reserved bandwidth

Reduction in difference between reserved bandwidth and
bandwidth necessary to guarantee the deadline is met

Achievement of maximum possible throughput

)

Our method consists of three sub-methods
1. Sub-method for dynamic reserved bandwidth control

2. Sub-method for data transfer in which two kinds
of TCP connections are used

Controlling window size of TCP (cwnd) according to RTT
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Calculating necessary reserved bandwidth from size
of remaining data and deadline of data transfer

Modifying reserved bandwidth periodically using
calculated value of the necessary bandwidth

Difference of throughput and reservation

A
Total_ connectio Throughput of data transfer whichi is

- \‘ sum of the base connection and additional connection
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2. Data transfer using two kinds of TCP NI;CT
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Divide and merge file
Sender divides file into data blocks
Receiver merges data blocks into one file at end of data transfer

Uses two kinds of TCP connections
Base flow (with bandwidth reservation )
To make best use of reserved bandwidth

Additional flow (without bandwidth reservation )

To efficiently utilize unused bandwidth

Data Sender
Conventional TCP (NewReno)

Addm onal connection

lefc;erv AF Network
Edge arked Edge
est Effort Router OUT Router
BdSlC connection
IR e

with Bandwidth
Reservation

Data

- Receiver

Marked
IN

| .
»
NewReno + Window size control



3. Method for window size control for NI;CT
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Requirement of base flow
To make Diff (CTR, throughput) as small as possible

Throughput CTR to avoid packet loss
( )

TCP throughput is inversely proportional to RTT

If RTT increases If RTT decreases

Increases the cwnd to cwnd .. cwnd can be decreasedto cwnd .,
using binary search increase |
algorithm  (like TCP BIC) 5 To keep throughput ~ CTR

To avoid buffer overflow of the youters

e

_ , _ »Time
Congestion | No congestion
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How our method for window size control for base
flow works

Effect of our method on the queue length of the
router

Reduction effect of our method on the reserved
bandwidth for file transfers

Simulation model

Additional flow: Marked OUT
Base flow: Marked IN




Difference between reserved

bandwidth and throughput

Situation: one data transfer and background traffic (link bandwidth = 1
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reserved bandwidth
= Committed target rate (CTR)
= 500 Mbps

/

Throughput/CTR [%)]

Fixed max cwnd : Cwnd with constant value

Conventional : Normal TCP NewReno

—¢ 493 Mbps

08.6
474 Mbps 94.8
79.0




Queue length of the router and the NIiCT
performance (1/2) ,g%z

Alus

Necessity of this evaluation
High-speed protocols require longer queues

Our window control method deploys same algorithm of high-speed version of
TCP

We check the relation between queue length and performance of the base flow

Additional flow: Marked OUT

Data Transfer No. 1 Base flow: Marked IN
RTT =20 ms
Bandwidth reservation = 250 Mbps

Data Transfer No. 2

RTT =100 ms
Bandwidth reservation = 250 Mbps
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Queue length of the router and the performance Gz
(2/2)

If queue length is sufficiently long,
our method maintains a throughput identical to the reserved bandwidth
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Evaluation of the reserved NICT
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Simulation model . .
Evaluation value: reserved bandwidth (average)

Call admission: if bandwidth is not sufficient, data transfer terminates (call loss)

Bandwidth request / Call admission server

Data transfer: Poisson arrival @

Evaluated Methods
Proposed method
Method used in our previous work
Conventional method (TCP NewReno + bandwidth reservation)

Comparing methods by considering reserved bandwidth when there are no
data transfer losses
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Methods Use of
reserved
R bandwidth
% 0
5. . (%)
- 2 | One TCP 32.9
5. 2 | New Reno
.E,. w
%30 3 -
1 3 Using Two 18.0
° TCP (without
& 10 -
iy dynamic
XX control)
X X SK
| % = | Callloss rate Proposed 8.0
0 1 2 24 3 4 5 6 method
Data transfer arrival probability

Our method requires less reserved bandwidth than the other methods
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Our method reduces reserved bandwidth of large-scale
data transfers over DiffServ AF networks

Uses two kinds of TCP connections
Controls reserved bandwidth dynamically
Controls TCP congestion window size

Result of performance evaluation

Throughput of data transfer is very similar to reserved
bandwidth under any network conditions

Longer queue required, which is the same as the queue in the
case of high-speed protocols

Decreases reserved bandwidth for each data transfer
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Presentation sheet for Q and A
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Binary search increase

cwnd

cwnd,,,.= cwnd, New Reno

cwnd; = max

e cwnd to intermediate value

Maximum and minimum increments set

to avoid new congestion and to maintain fairness of TCP
> time
Is a predefined constant
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Why we deploy binary increase algorithm ,g;:_j;
If RTT increases If RTT decreases
Increases the cwnd using Decreases the cwnd immediately

binary search increase algorithm

s ——

_ , . »Time
Congestion | No congestion

Our method Increases window size when
network Is congested

If the algorithm increases the cwnd very rapidly, it
causes the loss of a large number of packets.

An algorithm providing a low rate of increase cannot
follow change in RTT

We first try linear increase, but it is too slow



Reasons to customize congestion NICT

avoidance algorithm in the TCP ,%,}
Compatibility

Users can use any version of TCP in data receiver

Implementation

Modularized TCP stack in the Linux kernel allows
application of original congestion avoidance algorithm

Security
Many networks deny incoming UDP traffic



Total throughput of base flow and NI;CT
additional flow ©

Situation: three flows co-exist in the network
Base flow (with bandwidth reservation of 500 Mbps)
Additional flow: TCP NewReno (without bandwidth reservation)
Background Traffic: CBR

o0 Préposall ——
Fixed max cwnd -4
900 Conventional &«
When background traffic = 1000 Mbps
= 800
g w Throughput Throughput
500 Bl
'..‘--.'A.

0 100 200 300 400 500 600 700 800 900 1000
Background traffic [Mbps]
Proposed: Binary increase method
Fixed max cwnd: Cwnd using constant value
Conventional: Normal TCP NewReno



Throughput [Mbps]
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