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1 Introduction

Modern data analysis tasks increasingly involve draw-
ing information from a wide variety of distributed data

| Namelse | Properties
CoMon [9] Multiple data sets
PlanetLab host Archiving every 5 minutes
monitoring From evolving set of 800+ nodeg

sources, processing that data locally and analyzing the
results. Consequently, computational biologists, cos-
mologists, financial analysts, systems adminstrators, dis

CoBlitz [8]
File transfer
system monitoring

Multiple data sets
Archiving every 3 minutes
From evolving set of 800+ nodes

tributed systems engineers and others are continually
building new ad hoc systems for gathering data from
distributed sources and archiving it locally along with

CoralCDN [4]
Log files from
CDN monitoring

Single Format
Periodic archiving
From evolving set of 250+ hosts

provenance meta-data. To make the process robust, au
iliary subsystems must monitor the data acquisition pro-
cess to detect and catalogue errors.

As an example, consider the data manipulated by
CoMon [9], a system designed to monitor the health,
performance and security of PlanetLab [10]. Every five

n

minutes, CoMon attempts to contact each of 842 Planet
Lab nodes across 416 sites worldwide.When all is well,

-AT&T Arrakis Execute programs remotely to
Website host collect data
monitoring Varied fetch frequencies
AT&T Regulus Diverse data sources
Network Archiving for future analysis
monitoring Per minute, hour, and day fetche
AT&T Altair Thousands of data sources
Billing auditing Archiving and error analysis

which it never is, each node responds with an ASCII data
file in mail-header format containing information includ-

GODBI1]

Gene function info.

Multiple Formats
Uploads daily, weekly, monthly

ing the kernel version, the uptime, the memory usage,
and the ID of the user with the greatest CPU utilization.
CoMon archives this data in compressed form and pro-

BioGrid [12]
Curated gene and
protein data

XML and Tab-separated Format
multiple data setsl 50MB each
Monthly data releases

cesses the information for display to PlanetLab users.
Similar problems appear in the natural and social sci-

ences, including biology, physics and economics. For

NCBI [6]

Biotechnology info.

Links to multiple bioinformatics
datasets

example, systems such as BioPixie [3], Grifn [2] and Figure 1: Example distributed ad hoc data sources.

Golem [11], built by computational biologists at Prince-
ton, routinely obtain data from a number of sources sca

tered across the net. Often, the data is archived and Iatéjra

t_should do when the data arrives; awtlat format the
ta source arrives in.

analyzed or mined for information about gene structure  The PADS/D system compiles these high-level speci-
and regulation. Figure 1 summarizes selected distributefications into a collection of tools for archiving the data

ad hoc data sources.

and maintaining provenance metadata. Our current tool

This paper presents a declarative specification lansuite includes an archiver, a printer, a performance mon-

guage, callecPADS/D, that allows users to describe a itor, an database loader, an accumulator, an alerter, a se-
collection of distributed data sources they wish to gathetector and an RSS feed generator. The system can gen-
and archive. More specifically, traps/D programmer  €rate all of these tools fromADS/D descriptions and

will specify: where the data is locatedyhento get the  declarative tool configuration specifications.

data;how to obtain it;what preprocessingthe system In the remainder of this short paper, we describe our



| et sites = (* Ocaml helper values and functions *)
| et config_location =

"http://pl1.csl.utoronto.ca:3121"; ["http://[summer.cs.princeton.edu/status/ \
"http://plab1-c703.uibk.ac.at:3121"; tabulator.cgi?table=slices/ \
"http://pll.csl.utoronto.ca:3121" table_princeton_comon&format=nameonly"]
] | et makeURL (Nodelist.Data x) =
feed simple_comon = "http://* ~ x ~ "3121"

base {| | et old_locs = ref []

sources = all sites; | et current list_opt =

schedul e = every 5 min, starting now, mat ch list_opt with

timeout 60.0 sec; Some | -> old_locs = I; |

f or mat = Comon_format.Source; | None -> lold_locs

I}

(* Feed of nodes to query *)

. . . feed nodes =
Figure 2:simple _comon.fml : Simple CoMon feed.

base {|
sources = all config_location;
feed comon_1 = schedul e = every 2 min;
base {| , f or mat = Nodelist.Source;
sources = any sites; N
schedul e = every 1 min,
lasting 2 hours; (* Dependent CoMon feed of nodes feed *)
f or mat = Comon_format.Source; feed comon =
1} f or each nodelist i n nodes
create
Figure 3: sites.fml  : Code fragment for data from base {|
one of many sites. sources = all

(List.map makeURL

(List.filter Nodelist.is_node
language and system using Princeton’s CoMon [9] sys- (current nodelist))); _
tem as an example. Readers interested in further exam- fsgrfngfl e = once, timeout 60.0 sec;
ples, a semantics for the language and comprehensive re- 0
lated work should refer to our technical report [13].

Comon_format.Source;

) Figure 4:comon.fml : Uses feed of node locations to
2 PADS/D: Introduction by Example drive data collection.

The PADS/D language allows users to descrifeeds namedSource defined in the fileeomon_format
which is the term we use for streams of data and meta- With replicated distributed systems, many sites may
data. To introduce the features of the language, weontain all the desired information. For efficiency, mon-
present a series of examples drawn from the CoMoritors for such systems typically ask for data from all
monitoring system. sites in parallel but stop polling as soon as one site re-
The PADS/D specification in Figure 2 describes a sim- turns the required information. Thwmon_1 feed de-
ple CoMon statistics feedimple_comon using the fined in Figure 3 specifies this behavior by using the
base feed constructor. This constructor contains threeany constructor in thesour ces field. The schedule
fields. Thesour ces field indicates that data for the for comon_1 indicates the system should fetch data ev-
feed comes from all of the locations listed sites .  €ry minute for two hours, using thasting  clause to
Theschedul e field specifies that relevant data is avail- indicate the duration of the feed. It omits tstarting
able from each source every five minutes, starting imandtimeout  specifications, causing the system to use
mediately. When trying to fetch such data, the Systemdefault settings for the start time and the timeout window.
may occasionally fail, either because a remote machine Thesimple_comon example hard-codes the set of
is down or because of network problems. To managéocations from which to gather performance data. In re-
such errors, the schedule specifies that the system shouédity, the CoMon system has an Internet-addressable con-
try to collect the data from each source for 60 seconds. Ifiguration file that contains a list of hosts to be queried,
the data does not arrive within that window, the systemone per non-comment line. This list is periodically up-
should give up. Finally, théor mat field indicates that dated to reflect the set of active nodes in PlanetLab.
the fetched data conforms to thedbs/ML [5] description Figure 4 specifies a version of tlkemon feed that



pt ype nodeitem =
Comment of '#  * pstring_SE(peor)
| Data of pstring_SE(peor)

data fetched from each node matches the description
Comon_format.Source
With this specification, we expect to get data from all

| et is node item = the active machines listed in the configuration file ev-
mat ch item with ery two minutes. We further expect the system to notice
Data _ -> true changes in the configuration file within two minutes.
| _ -> false The previous examples all showcased feeds that con-
tained a single type of dataPADS/D also provides a
ptype source = datatype mechanism that allows us to construct com-
nodeitem precord plist (No_sep, No_term) pound feeds containing data of different sorts. As
Figure 5: nodelist.pml . PADS/ML description for an example where such a construct is useful, the
CoMon configuration files. CoMon system includes a number of administrative data

sources. Ifsites_mime is a feed description of the
depends upon this configuration information. To do so profile information of all the nodes on CoMon, and
the description includes an auxiliary feeddes thatde- sites_keyscan_mime is a feed of authentication in-
scribes the configuration information: it is available from formation for each node, then the declaration

the config_location , it should be fetched every _
two minutes, and its format is described by the@s/ML feed sites = ) _
descriptionsource given in the filenodelist.pml Locale of sites_mime

which appears in Figure 5. ThisapDs/ML descrip- | Keyscan —of sites_keyscan_mime

tion specifies thasource is a list of new-line termi-

nated records, each containingadeitem . Inturn, a . e4tes 4 feed with elements drawn from each of the two

nodeitem is eithera#’ character followed by @ cCOM- ta0qs The constructotmcale andKeyscan tag each
ment string, which should be tagged with @@mment o, in the compound feed to indicate its source.
constructor, or a host name, which should be tagged as

Data. The description also defines a helper function
is_node , which returns true if the data item in ques- 3 paDS/D: Tool Generation
tion is a host name rather than a comment. Given this
specification, thenodes feed logically yields a list of The pADS/D system provides a suite of “off-the-shelf”
host names and comments every two minutes. In factools to help users cope with standard data archiving and
because of the possibility of errors, the feed actually deadministration needs. After writing ADS/D descrip-
livers alist optionevery two minutesSomeif the listis  tion, users can customize these tools by writing simple
populated with dateNone if the data was unavailable at configuration filessuch as shown in Figure 6. Each con-
the given time-slice. figuration file includes a feed declaration header and a
Using thenodes specification, we define tt@omon sequence of tool specifications. The header specifies the
feed as @lependenfeed: eacmodelist  inthenodes path to the feed description filegmon.fml ) and the
feed defines a collection of sources for themon name of the feed to be createsb(non). Each tool spec-
feed. Thecomon sour ces specification processes fification starts with the keywortbol followed by the
the nodelist ~ to manage errors and strip out com- name of the toolg.g, feedaccum andrss ). The body
ment fields. The code that handles this processing illusef each tool specification lists name-value pairs, where
trates that theeADS/D domain-specific language is em- values are OBML expressions. Some attributes are op-
bedded in O@GML. We use OGML terms where neces- tional, and the compiler fills in a default value for every
sary to specify simple transformations. In particular, theomitted attribute.PADS/D compiles a configuration file
current  function checks if thenodelist  is None, into an OQ\ML program that creates and archives the
signaling a fetching error, in which case it uses the mosspecified feed, configures the specified tools, and applies
recently cached list of nodes instead. Buaur ce spec- them to the feed in parallel. In the following paragraphs,
ification filters out comment fields, and then convertswe describe the tools we have implemented.
the host names to URLs with the required port using Archiver. The archiver saves the data fetched by a
the auxiliary functionmakeURL The schedul e for  feed in the local file system, organizing it according to
this CoMon feed ioonce (with a timeout of sixty sec- the structure of the feed, with one directory per base
onds) because we want to collect the data for each hodeed. It places a catalog in each directory documenting
in a givenhostlist just once. Thd oreach ... the provenance of the data include its location of origin,
cr eat e construct merges the resulting data from eachts scheduled arrival time and the actual arrival time. The
machine into a single feed. As before, the format ofarchiver will optionally compress files.



f eed comon.fml/comon

ueries and displays historical data as graphs.
t ool feedaccum { q play grap

Selector.The selector allows users to choose subcom-

minalert = true; ; -

maxalert = true: ponents of feed elements using path expressions. It re-

lesssig = 3; turns a feed of the selected subcomponents, which may

moresig = 3; then be fed into other tools.

slicesize = 10; RSS feed generatoiThe RSS feed generator converts

slicefile = "slice.acc"; a PADYD feed to an RSS feed. Users specify the title,

totalfile = "total.acc"; link (source), description, update schedule and contents
} of the RSS feed. Content specifications are written in the

. configs for other tools ... path expression language.

Figure 6:comon.tc : Example tool configuration file.

4 Conclusions
Printer. The printer outputs the contents of a feed. If
configured to print to a single file, the tool concatenatesThe explosive growth of the Internet has made monitor-
successive items with a specified separator. If configurethg and managing data systems distributed across wide-
to print to multiple files, it outputs the contents of each area networks increasingly important. The possibility of
base feed into a separate file. partial failure and the need to synchronize makes such
Profiler. The profiler monitors performance, reporting code tedious and difficult to write correctly, particularly
throughput, average network latency and average systefior data experts whose skills are in domains other than
latencies over a period of time. Users can specify in thenetworking. In this paper, we describaDs/D, a spec-
configuration when to profile and for how long. ification language for archiving distributed ad hoc data
Accumulator. The accumulator maintains statistical sources. Our language allows users to specify where,
profiles for feeds, including their error characteristics.when and how their data sources are to be acquired.
For numeric data, the accumulator keeps aggregates suétiom these specifications, we generate a variety of useful
as averages, max/min values and standard deviationtQols for archiving and processing the data and its prove-
For other datad.g, strings, URLs and IP addresses), nance metadata. Overall, we hope the system will sub-
it keeps the frequency of the ta§ most common val-  stantially improve the productivity of the modern data
ues. For all data, it tracks error rates, the most commomnalyst.
error values and their sources. The user can configure Acknowledgments. This material is based upon
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