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Cli_call(args)

Srv_main_loop() 

{

while(true) {

deque(call)

switch(call.procid)

case 0: 

call.ret=proc1(call.args)

case 1: 
call.ret=proc2(call.args)

… … …

default:

call.ret = exception

}

}
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Peer_main_loop()

{

while(true) {

await(event)

switch(event.type) {

case timer_expire: do some p2p work()

randomize timers

break;

case inbound message: handle it

respond

break;

default: do some book keeping

break;

}

}
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���	��� ��		���	
General Packet Format

[chunksize]    [chunkinfo]    [data...]

CHUNKSIZE:
Intel-endian 16-bit integer
size of [data...] in bytes

CHUNKINFO: (hex)
Intel-endian 16-bit integer.

00 - login rejected
02 - login requested
03 - login accepted
0D - challenge? (nuprin1715)
2D - added to hotlist
2E - browse error (user isn't online!)
2F - user offline

5B - whois query
5C - whois result
5D - whois: user is offline!
69 - list all channels
6A - channel info
90 - join channel
91 - leave channel
…..
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���	���2���I��	�������#���
SENT to server (after logging in to server)

2A 00 CB 00 username
"C:\MP3\REM - Everybody Hurts.mp3"

RECEIVED
5D 00 CC 00 username

2965119704 (IP-address backward-form = A.B.C.D)
6699 (port)
"C:\MP3\REM - Everybody Hurts.mp3" (song)
(32-byte checksum)
(line speed)

[connect to A.B.C.D:6699]
RECEIVED from client

31 00 00 00 00 00
SENT to client

GET
RECEIVED from client

00 00 00 00 00 00

SENT to client
Myusername
"C:\MP3\REM - Everybody Hurts.mp3"
0 (port to connect to)

RECEIVED from client
(size in bytes)

SENT to server
00 00 DD 00  (give go-ahead thru server)

RECEIVED from client
[DATA]

From: http://david.weekly.org/code/napster.php3
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6,825 “path hours” represented here
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RON routed around all of these!
One indirection hop provides almost all the benefit!
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Darling, 
Tell me 

the truth!

Believe me, I 
don’t have it. 
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But I know Joe 
may have it 

since I 
borrowed 

similar stuff  
him last time.
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Parallel queries on multiple roots. Aggregate bandwidth measures b/w 
used for soft-state republish 1/day and b/w used by requests at rate of 
1/s.
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Local anycast resolver
Authoritative anycast
resolver for AND X

Anycast client

1. Request 
ADN X

2. Determine auth. 
resolver

3. Request members, 
metrics for ADN X

4. Members and 
metrics for ADN X5. Cache ADN X

6. Anycast response
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Another 50% improvement using Another 50% improvement using AnycastingAnycasting
More predictable serviceMore predictable service
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•No duplicate packets
•Highly efficient  bandwidth usage
Key Architectural Decision: Add support for multicast in IP layer

Berkeley

Gatech Stanford

CMU

Routers with multicast support
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Duplicate Packets:
Bandwidth Wastage
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Berk1

Delay from CMU to 
Berk1 increases
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“Efficient” overlay
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High degree (unicast)
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High latency

CMU

Berk2

Gatech

Stan1

Berk1



268

6 (���	�	��#
�����J���
��(���7
r ' ��������(����	������
������ ��	(����

m /�� ��	�9
������������������������
m /�� ��	��������

r ����������
� ������
#����� 
����
�����
�	
m /�� ��	��
��
����
� ��������
����(�
�(���� (����(���
9
��

m /�� ��	���
 �����(�
�(����
����������� 
�����������
��#
�����
��

m <���������	��	��#����
�� �	��
�����#
�����
�������� ��

r ' ��������(����	�������� 
����
�����
�	
m ' ����� ��� ������� ��	�����������
��������������
�
�
���	��
�



269

Berk2 Berk1
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Gatech

Stan1
Stan2
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Step 1

“Mesh”: Subset of complete graph may have cycles and includes all  
group members
• Members have low degrees
• Shortest path delay between any pair of members along mesh is small

Step 0
Maintain a complete overlay graph of all group members
• Links correspond to unicast paths
• Link costs maintained by polling

Berk2
Berk1

CMU

Gatech

Stan1
Stan2
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CMU
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•Source rooted shortest delay spanning trees of mesh
•Constructed using well known routing algorithms

– Members have low degrees
– Small delay from source to receivers

Step 2



271

������ "
��
����	
r /�	(�/���������2

m @�	���	���	(�������	��
�����������#����
#���� ��	(���
�(����	

r /�	(�<�����J���
�2
m ' �	��� �����(����	���	�#
����	������	(
���	�����(�������
 ��� ������� ��	����
����(����	(��	�	����

r ���������������
�	������
�2
m =
���������
���(�	�#
���
�	��������������������������	�

m ' �	����������
���
�����&����������	�����(�#
�� ������



272

<�����J����/�	(�5 ������

r /�� ��	�����
����������
 ��
�(������ ��	����
����
��

r ��� �������������#
* �������1 ����
#���������������Y � ���� (��	(
��

r /�� ��	������
���������
���
���K�	���������	

r @K�	������������
������#
"
	��
#���
�����������^�' �
��� (��	(
��

Berk1

Stan2
CMU

Gatech1

Stan1

Gatech2

A poor overlay topology



273

� (������	���#����
r * ������������
#��������������  �	���
�

m � (����� ���
#���� ��	��
�� (��(���
������������
����
��	

m > 
� �	����#�������(������
�����������������
����(�
��� ����	

r "
	��
#���
������������  �	���
�
m � (����� ���
#���� ��	��
�� (��(��
������������
������	�	&�#
�����(�������( 
�

r � ��8' �
��� (��	(
��	 ����#�����
�	�
#2
m /�� ��M	��	������
��
#���
���	�J��

m "�������������K����������� 
#����� ��������(����	(



274

' �	��� �����
������	�
#�
(����	���	

r ��� �����2 � ���
����������� �����
�� ��������������
�������

r �������
��� �
������2 � ��������
��
#��(����	(��	�
����������
�� �����	����	�����	����
#�����	�����������
 �������
����

Delay improves to Stan1, CMU 
but marginally.

Do not add link!

Delay improves to CMU, Gatech1 
and significantly.
Add link!

Berk1

Stan2
CMU

Gatech1

Stan1

Gatech2

Probe

Berk1

Stan2
CMU

Gatech1

Stan1

Gatech2
Probe



275

Used by Berk1 to reach only Gatech2 and vice versa.
Drop!!

An improved mesh !!
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' �������������������4 x unicast delay 1x unicast delay

Waxman :  1024 routers, 3145 links
Group Size : 128
Fanout Range : <3-6> for all members
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Naive Unicast 

Native Multicast

Narada : 14-fold reduction in 
worst-case stress !  
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Internet Routing 
can be sub-optimal

(ms)

(m
s)

2x unicast delay 1x unicast delay
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Overcasting
imposes about 
twice as much 
network load
as IP multicast 
(for large 
networks). This 
difference is in 
O(n). (Figure 4) 
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• Linear roots can alleviate this 
problem. For the source to fail, all 
roots must fail.

• Using round robin IP 
resolution, you can stop your 
content serving cluster from being 
‘slashdotted’ (overloaded by sheer 
popularity) by client requests.
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Overcast nodes 
can still receive 
content from the 
root, even when 
the tree is not 
stabilized. A 
typical round 
period is about 1 
to 2 seconds.
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Overlay Multicast Architecture
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• Capture the long term performance of a link
– Exponential smoothing, Metric discretization
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Reach a stable overlay
• Acquire network info
• Self-organization

Adapt to network congestion
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These measurements include queueing and 
processing delays at end systems
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Naïve scheme performs poorly even in a less “stressful” scenario

RTT results show similar trend

Internet pathology
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no strong correlation between
latency and bandwidth

Optimizing only for latency has poor bandwidth performance
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Bandwidth-Only cannot avoid
poor latency links or long path length

Optimizing only for bandwidth has poor latency performance
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total data traffic (in bytes)
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Access protocol allows hosts to read and write data
on a storage device as long as there are no failures or layout
changes for the virtual store. It must provide serialized, atomic 
writes that can span multiple devices.
Layout retrieval protocol allows hosts to obtain the current layout 
of a virtual store — the mapping from the virtual store’s address 
space onto the devices that store parts of it.
Reconciliation protocol runs between pairs of devices to bring 
them back to consistency after a failure.
Layout control protocol runs between managers and devices —
maintains consensus about the layout and failure status of the 
devices, and in doing so coordinates the other three protocols.
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336

#����	�$��	���!�	����

��������������
����
������
�
������������������
������
�������������
����������
�
�����������
����������������
������������
��

�������������	�����������
���
����������
���������������	��������
����
����!����������

������������	���
��	

����������������������
��
��
	�&�����
������������
�'������
�������
��
�'�����
���������
� �������������(�������������

������
� ������������used to detect 
possible failure.



337

%���	������������������

�����������
�����(��
�������
���
�����	��������
�)�
�����������
������
*+��������������	��������
���
������
�
�����
��������������������������
�
������
�����	�����
*+����������������
�	��������
�����
���������������������������
������
������
�	�������������
�������������
����!��	�
�"�����

�,��������������
��������(��
���
�
����
������������������������
�������	�������
����������������
���



338

������	����	���

��
�������������������
�%�����������
��
������������������
�-�
�������������



339

&������"�����'�����

�#���������� (��
�������
����
��������
�
����������

�������������������������




340

&������"�����'������(���	�����)

������������ ������
����
����������������(��
�������
���
�����������������������������
��	�
��������
���
.
����
��������� ��� ����
�/������0



341

&������"�����'������(���	�����)

������������ ���������

���
����
���������1����
�����
������
��������
�$������ � 	����
���	������������������
����
����
����
�



342

�*	�������

•Single manager v.s. Multiple managers
•Whole devices v.s. Device parts (chunks)
•Reintegrating devices
•Synchrony model (future)
•Failure suspectors (future)
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!�������- Replication management system featuring

» Modular protocol design
» Active device participation
» Distributed management function
» Coverage and quorum condition
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