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Figure 9: Number of repairs and number of writes over
time, where we introduce a simple transient failure, a
server addition, and a second transient failure. The sec-
ond failure demonstrates behavior under recovery and also
what would have happened in a permanent failure.

cycle on a server responsible for 8.5% of the data in the
system. Passing Tone immediately begins repairing and
ceases when that server comes back online at 18:50. A
more permanent failure would involve a longer period of
repairs, as repair speed is limited largely by bandwidth.

To demonstrate this limit, the next event occurs at
20:15, where we add a new server, responsible for 3% of
the data in the system. It begins transferring objects from
its successor and moves 11 Gbyte of data in just over 2.4
hours. This corresponds to 1.2 Mbyte/s, which is what the
link between that server and its successor can support.

Finally, we demonstrate a short transient failure of the
same new server at 00:05. Its neighbors begin repairing
the objects that were inserted to the failed server during its
four hour lifetime: however, none of the objects that were
stored on the original successor needed to be repaired be-
cause its replicas were not deleted. When the new server
is brought back online at 00:20, there are a few transient
repairs to bring it up to date with the objects that were
written during its downtime but not a repeat of the four
hour initial transfer. This second transient failure also in-
dicates how Passing Tone would behave after a permanent
failure: we expect the transient failures will create a small
buffer of extra replicas so that when a permanent failure
does occur, only those (relatively) few objects that have
been inserted since will require re-replication.

6.5 DHash microbenchmarks

The microbenchmarks were conducted on a cluster of 8
Dell PowerEdge SC1425 servers, with Intel® Xeon™
2.80 Ghz CPUs (HyperThreading disabled), 1 Gbyte of
RAM, and dual Maxtor SATA disks. Each machine runs
FreeBSD 5.4p22. The machines are each directly inter-
connected with a Gigabit Ethernet switch. These ma-
chines are under our direct control and write caching is
disabled. They can do sustained writes at 7 Mbyte/s on
average and read at 40 Mbyte/s; a half stroke seek takes
approximately 14ms. A separate set of machines are used
for generating client load.

Median bandwidth (Kbyte/s)
Number of DHT servers | Write Read
1 6600 | 14000
2 12400 | 19000
3 18800 | 28000
4 24400 | 33900
5 30600 | 42600
6 36200 | 49200
7 42600 | 57200
8 46200 | 63300

Table 2: Read and write microbenchmark performance.

To test the read and write scalability of the implemen-
tation, we configure one client per DHT server and di-
rect each client to write (and read) a 2 Gbyte synthetic
stream of 200 Kbyte objects as fast as possible. Replica-
tion, maintenance and expiration are disabled. The result-
ing load is spread out over all the servers in the system.
The results are shown in Table 2.

Each individual machine contributes on average an ad-
ditional 5.7 Mbyte/s of write throughput; thus in an envi-
ronment that is not network constrained, our implemen-
tation easily operates each server at close to its disk bot-
tleneck. For reads, each additional machine contributes
on average 7 Mbyte/s of read throughput. This result is
largely driven by seeks. In the worst case, each 200 Kbyte
object requires at least one seek to look up the object’s off-
set in the metadata database, one seek to read the object
and possibly one seek to update the atime on the inode. In
this case, it would require 40ms simply to seek, limiting
the number of objects read per disk to 25 per second (or
~ 5 Mbyte/s). Systems with fewer servers will do better
on this particular benchmark as objects are read in order
of insertion. Thus, with fewer write workloads intermin-
gled, fewer seeks will be required and operating system
read-ahead may work well. The observed 14 Mbyte/s in
the single server case corresponds to one seek per read on
average, where it is likely that BerkeleyDB has cached the
offset pages and the OS read-ahead is successful. In the
multi-server cases, the 7 Mbyte/s average increase corre-
sponds well to two seeks per read.

Thus, in a well-provisioned local network, the DHash
implementation can write a 2.5 Mbyte/s Usenet feed to
a single server (though with extremely limited reten-
tion). By adding additional servers (and hence disk arms),
DHash is also able to scale as needed to support reader
traffic and increase retention.

7 Related work

The problems of costs from repetitive article transmission
and replication of un-read articles in Usenet have been
noted previously. Newscaster [2] examined using IP mul-
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ticast to transfer news articles to many Usenet servers at
once. Each news article only has to travel over backbone
links once, as long as no retransmissions are needed. In
addition, news propagation times are reduced. However,
Newscaster still requires that each Usenet server maintain
its own local replica of all the newsgroups. IP multicast
also requires extensive infrastructure within the network,
which is not required by overlays such as DHash.

NewsCache [15] is one of several projects that reduce
bandwidth at servers by caching news articles. It is de-
signed to replace traditional Usenet servers that are leaf
nodes in the news feed graph, allowing them to only re-
trieve and store articles that are requested by readers. In
addition to filling the cache on demand, it can also pre-
fetch articles for certain newsgroups. These features are
also available as a mode of DNews [23], a commercial
high-performance server, which adds the ability to dy-
namically determine the groups to pre-fetch. Both News-
Cache and DNews reduce local bandwidth requirements
to be proportional to readership and use local storage for
caching articles of interest to local readers. UsenetDHT
employs these caching strategies but also makes use of a
DHT to removes the need to pay an upstream provider to
source the articles.

The Coral and CobWeb CDNs provide high-bandwidth
content distribution using DHT ideas [9, 37]. Coral uses
distributed sloppy hash tables that optimize for locality
and CobWeb locates data using Pastry [3] (with con-
tent optimally replicated using Beehive [26]). However,
CDN s cache content with the aim of reducing latency and
absorbing load from an origin server. UsenetDHT oper-
ates in a system without origin servers and must guarantee
durability of objects stored.

Dynamo is an Amazon.com-internal DHT and uses
techniques for load balance, performance and flexibil-
ity that are similar to those used in DHash and Pass-
ing Tone [8]. Dynamo is deployed in cluster-oriented
environments, with fewer wide area links than DHash.
OpenDHT is deployed on PlanetLab and provides a DHT
for public research use [27,28]. Compared to DHash,
OpenDHT focuses on storing small data objects. Like
DHash, OpenDHT provides time-to-live (TTLs) but uses
them to guarantee fair access to storage across multi-
ple applications. Both Dynamo and OpenDHT also use
Merkle trees for synchronization but without explicit sup-
port for expiration.

Passing Tone optimizes maintenance for accuracy and
dealing with expiration. Like Carbonite, Passing Tone
keeps extra copies of objects on servers in the successor
list to act as a buffer that protects the number of avail-
able objects from falling during transient failures [5]. Like
Passing Tone, PAST allows more than & replicas of an ob-
ject but PAST’s replicas are primarily for performance not
durability [30]; Passing Tone manages disk capacity with

expiration, not diversion. Passing Tone’s division of lo-
cal and global maintenance originally was proposed by
Cates [4] and has also been used in OpenDHT [27].

Despite a high number of objects, Passing Tone’s use of
Merkle synchronization trees [4] reduces bandwidth use
during synchronization, without the complexity of aggre-
gation as used in Glacier [16]. The idea of eventual con-
sistency in Passing Tone is similar to Glacier’s use of ro-
tating Bloom filters for anti-entropy. However, Bloom fil-
ters still repetitively exchange information about objects
and, at some scales, may be infeasible. Minsky et al’s syn-
chronization algorithm [22] is more network efficient than
Merkle trees but available implementations do not sup-
port persistence; in practice synchronization bandwidth is
dwarfed by data transfer bandwidth.

8 Conclusions

After three decades, Usenet continues to be an impor-
tant network service because of its distinct advantages
over other data distribution systems. This results in over
1 Tbyte of new content posted to Usenet per day. Usenet
servers have improved dramatically to carry this level of
load, but the basic Usenet design hasn’t changed, even
though its flooding approach to distributing content is ex-
pensive. With the current design only a limited of servers
can provide the full Usenet feed. We propose to exploit
the recent advances in DHTs to reduce the costs of sup-
porting Usenet, using a design that we call UsenetDHT.

UsenetDHT aggregates n servers into a DHT that stores
the content of Usenet. This approach reduces the costs
of storing and receiving a feed to O(1/n). To enable a
DHT to store as much data as Usenet generates, we devel-
oped the Passing Tone maintenance algorithm, which pro-
vides good durability and availability, keeps the memory
pressure on servers low and avoids disks seeks. Exper-
iments with a small deployment show that Passing Tone
and UsenetDHT support the 2.5 Mbyte/s feed at CSAIL
and should be able to scale up to the full feed by adding
more servers. These results suggest that UsenetDHT may
be a promising approach to evolve Usenet and to allow it
to continue to grow.
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