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Objective
Analyze the delay-jitter for High Priority
traffic, and size the Low Priority Transit
buffer for the optional two transit buffer
scheme in the Darwin v1.0 draft.
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Model Used

« Weare modeling a 16 node,10 G Ring, 2000 Km
o Usethe Darwin v1.0 media access control
« Each node has atoken bucket filter for each priority served

* Thetoken bucket filter is specified as (r,b) wherer isthe rate
and b isthe depth. (It is534 bytes deep for High Priority)

* Token buckets accumulate tokens at the SLA rate and empty
tokens at line rate

o A packet issent only if the corresponding token bucket has at
|east one token

« When the HP queueis silent, token bucket is saturated
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Media Access Control

1. High Transit Buffer

2. If (Low Transit Buffer > High Threshold) then
Low Transit Buffer

3. High Transmit Buffer

4. If (Medium Priority Token Available) then

Medium Transmit Buffer .....

RULE: For guaranteed delay-jitter,
line 2 should not be executed
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Bandwidth Allocation

» For the previous rule to work, either the LPTB should be very
large or HP traffic in the congested segment should be limited to
the smaller LPTB.

e For al0G, 2000Kmring, 10% HP traffic, the size of LPTB
would be calculated as follows:
LPTB_size = (C-Or, - O r,)*ring_size* 5us’km* (%HP) +
(TB_low_fairness threshold)

where C isthelinerate, r; isthe reserved HP rate (if any), r, is
the sum of the HP allocations for upstream nodes

« Settingr; & r, to zero and setting the threshold at the end of the
buffer, we calculate the size of LPTB to be 1.25MB
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Delay Jitter Calculation

* Once we obey the previous rule and use the stated token-bucket
model at every node, delay-jitter can be calculated based on the
following worst case model

* All nodes are transmitting a HP packet simultaneoudly, adjusted
by the link propagation delay. The Nth node could also have a
packet already in transit at this time.

e Theideal value of delay-jitter in the fluid model isO

e Onaring with 2N nodes, the best possible delay-jitter is
(N+1)*MTU (Half the ring has N nodes and there could be a
packet in transit at this time at the Nth node)
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Generalization

 LPTB hasto be sized according to the percentage

of HP traffic passing through the node (So
A(1.25MB) for 5% and 2* (1.25M B) for 20%)

e Thiswill eliminate the cost of bandwidth
reclamation

 |f Bandwidth isreserved around the ring, or ring
segment for HP, there is no need for the second

transit buffer
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Simulation Model — RTT delay
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mulation Results— RTT Delay

With LP Trangt Buffer:
reclamationtime<< 2RTT
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Bursty HP Traffic

Scenario 2

11

pdf

802-17-01-00172 vk_dwdel_01.

January 23, 2002



¢

January 23, 2002

ETE Delay for HP Traffic
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Transit Buffer Occupancy
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Simulation Results— N MTU Delay

iﬁ-]nude_? of Dffice Network _ O] x|
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Summary

 WiththeLP Transit Buffer, Bandwidth
reclamation time << 2RTT

« With aleaky bucket at the ingress of each node,

the worst case delay-jitter can be calculated to be
(N+1)*MTU

* Thetwo transit buffer scheme can be used to
support very low-jitter real-time applications
without the need for bandwidth reservation
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Simulation Scenarios

e Five sets of scenarios with VoQ Release v2 and Gandalf v1

 Gandalf model emulates Darwin behavior with default
parameters and 2 transit buffers

e Under bursty traffic (dominating characteristic of Internet),
Darwin performed well

e Darwin exhibits superior performance while optimizing
delay/jitter and throughput

« Darwin can react faster in bursty conditions

18
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Oversubscribed Ring
N
Hub Configuration
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IIIIIIIII _ *OC12, 100km, 16 nodes

CENC D «Clients 1-8 send 22.5 Mbps CBR HP to Server 0
«Clients 1-8 send 750Mbps CBR LP to Server 0
Clients are connected to RPR nodes via 10GE
*No reserved BW

*All weights equal to 1
*No rate shaping (Darwin)

node 12

node 11 node 10

Client 12

il .—_- il —--
Client 11 Client 10 Client 9 20
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ub Scenario — OC12 \/

Darwin Alladin

:—LZZ-]HPH MACL - Traffic.Data Traffic Sourced [bitsfzec] ﬁstat collection of Logical Metwork_node 0.¥oll MAC
B Object node_1 of Logical Metwark W Annotation: flow 1]
B Object: node_2 of Logical Metwork, B Annotation: Flow 2]
Object: node_ 4 of Lagical Nebwark: Annatation: flaw 4]
Object: node_& of Logical Metwark, Annotation; Flow 31
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Traffic sourced from RPR Nodes
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Darwin
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*OC192, 100km, 16 nodes
Clients 1-8 send 483 Mbps CBR HP to Server 0
Clients 1-8 send 1.45Gbps CBR LP to Server O

@ ‘Clientsare connected to RPR nodesvia 10GE
| T oNoO reserved BW
=) e ==, All weightsequal to 1

*No rate shaping (Darwin)

il .—_- il —--
Client 11 Client 10 Client 9 23
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ub Scenario — OC192 (100km) N
Darwin Alladin

:—LZZ-]HPH MACL - Traffic.Data Traffic Sourced [bitsfzec] ﬁstat collection of Logical Network_node 0.¥oll MAC
W Object: node_1 of Logical Metwark B 2nnotation; Aow 11
B Object: node_2 of Logical Metworl B Annotatior: Flow 2]
Object: node_ 4 af Lagical Metwark, Annatatian: flow 4]
Object: node_& of Logical Metwark: Annotation: Flaw 81
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Annotation: flow 11
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ub Scenario — OC192 (2000km) \
Darwin Alladin

ﬁHPHHAE - Traffic.Data Traffic Sourced [bitzfzec] ﬁstat collection of Logical Metwork_node 0.¥oll MAC

W Object node_1 of Logical Metwark, B 2nnotation; Aow 11

B Object: node_2 of Logical Metwaorl, B Annotatior: Flow 2]

Object: node_4 af Lagical Mebwark, Annatatian: flow 4]

Object: node_7 of Logical Metwark: Annotation: Flaw 81

RPRMAL - Traffic.Data Traffic Sourced [bitz/zec) Flaw thraughput [bitz/zec]
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Traffic sourced from RPR Nodes

26
January 23, 2002 802-17-01-00172 vk_dwdel_OL.pdf



77N

802.17 |

ub Scenario — OC192 (2000km) N/
Darwin Alladin
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Delay Values =
(usec)
Alladin Darwin
Node 1 Node 8 | Node 1l | Node 8
OC12 |min 39.4 312.0 | 385 | 307.1
(100km) | max 689.4 3420 | 534 | 350.1
OC192 | min 32.5 2553 | 325 | 2598
(100km) | max 331.4 2689 | 338 | 265.7
OC192 | min 625.2 5008.0 | 626.2 | 5009.8
(2000km) | max | GE250 | 5022.8 | 627.5 | 5017.5
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Pathological Scenario
(Non-Bursty)
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Hub Scenario

*OC12, 100km
Client 1 sends 10Mbps CBR HP to Server O

Client 8 sends 750Mbps CBR LP to Server O
*Clients are connected to RPR nodesvia 10GE

*No reserved BW

"l
Client 5 .A“ Wel ghts a:lual tO 1
ll

= 1 e<No rate shaping (Darwin)

Client &
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point-to-point. throughput [bitzdzec] point-ta-paoint thraughput [bitsdzec]
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Darwin Alladin
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Throughput

Node Node 7 and Node 1® Node O
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york ) [m] S +]{node 1 - node 0 [0] of Logical Network ) [m] S
moving_average of lime_window af point-to-paint throughput [bitsdsec) maoving_average of lime_window of time_window af paint-to-paint. throughput [Bits.
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PE—— T /
p———
500,000,000 500,000,000
400,000,000 ,4)92 400,000,000 @95
300,000,000 300,000,000
200,000,000 200,000,000
100,000,000 100,000,000
] ]
| | | | | | | | | |
11z 1.2z 1.3z 1.4z 15z 11z 1.2z 1.3z 1.4z 15z

Moving Average of Throughput

Node 1® Node O
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Pathological Scenario
(Bursty)
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Hub Scenario

*OC12, 100km

*No reserved BW

"l
Client 5 .A“ Wel ghts a:lual tO 1
ll

= 1 e<No rate shaping (Darwin)

Client &
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Client 1 sends 10Mbps CBR HP to Server O
Client 8 sends 750Mbps Bursty LP to Server O
Clients are connected to RPR nodesvia 10GE
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Object: Client 8 <-» node 8 [0] of Logical Metwork, -
point-to-point. throughput [bitz/zec]
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Traffic from Client to RPR Node
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Hub Scenario —Burst
Hu enario ursty
ﬁpuint—tu—puint.thrnughput (hits,:ff_s_ec;f;i = ]EI!}_]
B Object node_1 -» node_ 0[0] of Logical Metwark
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Throughput

Node Node 7 and Node 1® Node O
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Hub Scenario —Bursty
Darwin Alladin
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moving_average of lime_window af point-to-paint throughput [bitsdsec) maoving_average of lime_window of time_window af paint-to-paint. throughput [Bits.
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300,000,000 300,000,000
200,000,000 200,000,000
100,000,000 100,000,000 /()12
__'_,_._-—H-—l-'—'
.-._.__,_,__,_,—_ﬂ-"_r
] ]
| | | | | | | | | |
11z 1.2z 1.3z 1.4z 15z 11z 1.2z 1.3z 1.4z 15z
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Small Traffic Node
N
Hub Configuration
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Different Oversubscription Ratios
N
Hub Configuration
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Thingsto consider *
There will always be cases to cause
closed-loop feedback algorithms
to underperform
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1 802.17 L

Conclusion

o Under bursty traffic (dominating characteristic
of Internet), Darwin performed well

e Darwin exhibits superior performance while
optimizing delay/jitter and throughput
e Darwin can react faster in bursty conditions
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