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A Search Relevance Algorithm for Weather Effects Products
1 Introduction

We are situated in an information rich time [1which there is an overabundance of
information, both useful and useless. A basicdean the internet reveals hundreds or
thousands of documents on almost any subject, tit@nteow obscure. Previously,
access to such specialized information was lintiseiddividuals working in specific
fields. Not too long ago, most information storagges in the form of physical texts
(books, magazines, etc.). Had one wished to fisdentific article on a very specific
subject he would have to physically go to an acaddbrary. Today, the same
information is available 24 hours seven days a vegethe internet. The technology to
store and present all this information was avadafgars ago, but was not widely used.
The problem was an overabundance of informaticaninnusable, unsearchable format.
For instance, in the early days of the internettmasigation was done by hypertext
referrals from one site to another or by word ofutho Presently, searching has become
second nature to even the most casual internet ésmording to Alexa and other page
ranking services the highest ranked web pagesrastin of most accessed) are often
search engines [4] [5]. This suggests that peay@anavigating the internet by searching
and not through the traditional linking and refesgstem of the original internet.

As time moves forward the amount of informationikalde increases quickly. Wading
through it to get to the information one wants bardifficult and possibly detrimental to
task performance [2]. Search engine companies imaeke fortunes for their owners with
the deceptively simple act of searching and prasgmtebsites. This speaks volumes to
the importance of a good search tool. Searchpzorg generally the organization of
information, is what makes a rich body of inforroatuseful.

The Department of Defense is trying to keep sestegls ahead of the enemy within the
information technology arena. They often stressittipportance of having information at
the fingertips of the warfighter with buzzwordsditinformation superiority” and
“information warfare.” [3] The idea is that in @dto win the conflicts of tomorrow the
United States must have the highest quality infeionapresented in a timely and easily
understood manner. Again, it is simply not enotgghave all the information available.
It must be available and easily consumed by the ube quote Alberts, et. al.:

Improvements in the ability to share informationl wontribute to improvements
in the ability to generate and maintain shared amess which in turn, together
with the greatly enhanced facilities to collabor@jeality of interaction), will
contribute to improved synchronization. Thus, axes in the information
domain that result from an improved ability to palsé envelope in the richness,
reach, and interaction space will affect process#éise cognitive domain which in
turn will be reflected in the physical domain ire form ofresponsiveness,
adaptability, agility, and flexibility. These contpacies will provide a source of
competitive advantage in the Information Age [3]).

Manuscript approved November 13, 2006.



This paper is concerned with providing the usehwitvay to easily find information,
specifically weather products within the NCES EQ&{-Centric Enterprise Services,
Early Capabilities Baseline) SOA (Service Orienfedhitecture). The work outlined in
this paper pertains to searching and ranking wegttoelucts from the EVIS
(Environmental Visualization) portlet. EVIS is a&ather effects product generation and
retrieval tool. It allows users to make custom majith overlays of weather effects on
various military operations. These maps have sskectable locations, rules,
dissemination, and the ability to add routes. é&@mple, a person planning a
coordinated attack with aircraft and personnell@nground can make a product that
shows potential weather impacts to both these tgpasits. This product could then be
saved to the server and shown to anyone involve@ secure network. EVIS is part of a
larger entity called the NCES ECB SOA. In the NGieBtal there are a number of data
providers other than EVIS that create and publishyrdifferent types of information.
This includes video surveillance, intelligence mepobiographies, etc. With all these
providers it is important to have well designedredunctionalities so a user can find
the products that pertain to his mission quicklg anthout much effort.



2 Motivations

EVIS is a content provider within the NCES ECB vgetstal. In the NCES ECB
architecture EVIS serves two essential duties. i®te provide a workflow (called

EMES, Environmental Mission Effects Services) thiddws users to create weather
effects products. These products are useful ipldening of military operations. The
second duty is to present these weather effecthupte to end users. These end users are
expected to be personnel possessing various lef/klowledge and at various levels on
the chain of command. Some, if not all, of thesegbe will be very busy. Some will

even have people researching this informationHent. It is very important that they are
able to retrieve the appropriate products in alymenner.

Like any large web portal, NCES ECB portal ha®us specialized search functionality.
This search capability has been dubbed IFIS (Somesticalled FedSearch) and allows
the user to search all the content providers irpthréfolio from one interface. It has
some standard and some non-standard search fesiigtesas the ability to search by
date, provider or geographic location. Unlike tiadal search engines a Federated
Search Engine does not scour all the data avaid@aideeturn matches. Instead, it sends
SOAP (xml) messages to the data providers and s¢g)tieat they search themselves.
Then the providers send a message back with referterthe relevant and matching
documents. These messages include metadata abquibducts such as date
information, type of data, etc. but they do notude the products themselves [10]. This
is very similar to a library journal search. Afstiglance it may seem like a backwards
and inefficient way of doing things. However, tiidar from the truth. Searching the
public internet with a search engine makes sensause most of the documents one is
searching for are text-based, html web pages. Bathsite does not have to provide
search results back to the search engine for eaaty @ user makes. This approach
would be highly inefficient. In the case of NCHf® ttontent providers are serving very
specialized types of information. Some examplekige biographies, time sensitive
reports, trusted intelligence, and video. Theseigers are expertly familiar with the
content they serve. If FedSearch scoured all diéenit providers itself the operation
would be highly inefficient. For instance, eaahdia content provider is added
FedSearch would need to be modified. In additiba,content providers know when
new content is added to their databases. Thewpddhis content to their indexes or
searches with minimal effort. FedSearch would laveeriodically catalog all available
data to achieve the same state. The Federatethadhdnighly attractive because it
allows for the easy addition of more data provideith only a minor configuration
change to FedSearch.
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Figure1l. Current NCES SOA Data Providers

The requirement for each data provider to searems#elves and calculate relevance
independently is both a benefit and a potentiablem. In terms of structure and
content, each provider knows its own data sourndsdata stores better than any other
entity. This knowledge is applied towards custangza search algorithm tailored to the
specific data of each provider. In addition eachtent provider is required to return a
relevance score for each document or item. Thevaace score is useful for ordering
products when they are presented to the user avitlprg an easy to understand metric
for each product. A proper ranking increasesitedihood that a user will find the
product(s) he is looking for faster and with lesskv Since each data provider searches
with their own, independent algorithm, there isoseptial problem in comparing
relevance scores between products from differemtigers. A lot of thought had to go
into selecting and refining the proper relevang®iadhm for each content provider.
Some of the content providers in the NCES portalaf§the shelf algorithms and others
created their own algorithms (see Figure 1 forardew of the data providers).
Various search and ranking algorithms were examioedse in EVIS. Here are several
general algorithms that were considered:



Simple text search (TF-IDF)- A simple text seaakes TF (term frequency) and
compares that in some way with IDF (inverse docurfrequency). In other words it is
a measure of how frequently a word appears in ardeat vs how popular it is in
multiple documents. This type of algorithm workst not well with a system such as
EVIS. EVIS products can be for one day or manysdalgich would lead to problems
with frequency of words vs. rarity of the word. sl EVIS products can be searched by
criteria that are not plain text such as time atfidng location. [8]

Learning algorithms-An algorithm that learns orusd§ its weights has the possibility of
being very good at predicting what the user ne&s/elopment of this type of algorithm
was not possible given the constraints on the tiseakies and other, similar
technologies.

Google Pagerank-At the current time this is corrside¢he gold standard in search
engines. However, its ranking system is basedelgron a measure of
interconnectedness. A page that is referenced oftae is given a higher ranking [9].
This type of measure is useless for EVIS as it dmedink between products. Searching
EVIS is more akin to querying a database.

3 Target Users

In designing the algorithm it was important to ddes the users requesting EVIS
products. In the commercial world software packagften fail because the user base is
not properly assessed. The target user for EV# its widest all military personnel who
plan missions, forecast weather, or are involveelkiecuting missions. At its widest
scope “mission” can mean anything from a convogugplies to a covert SEAL team
operation. In addition, users may have varying@lewf technical knowledge and
familiarity. This can cause problems at both extes. Advanced users may expect
guerying to work in a fashion similar to commer@abducts. Also, the novice user may
become frustrated if the item they are lookingdoes not appear within the first few
hits. This information is somewhat useful, in thiadrovides motivation for creating a
good search and relevance algorithm. More ussfuiformation pertaining to how each
of these people will use the software in theiryedutines.

The categories of searchable information were saddaased on possible queries users
would submit to find weather products. The firgpsin designing the algorithm was to
identify important categories of information in tweather products that people would
use to query them. This was determined througrvigws and interactions with
potential users as well as what was availableenf#S engine. The following categories
were determined through interviews and interactioitls potential users: time, title,
person, location, keyword, effect, and mission.

It is unclear at this stage what type of query Wélthe most common, however several
use scenarios are envisioned. Here are some eggmpl



Repeat user: A user responsible for getting weagtiects reports and adding them to
briefings on a particular region needs to access#me or similar products every day or
so. This user would benefit from being able tadedy location and time.

Mission planner: A mission is being planned in ¢ieey near future and weather effects
would be useful in making target choices. The misplanner may want to search by
location, effect, time, and keyword (for type ofssion). A mission planner may have
people working under him who find these producis ase them in briefings.

Mission executor: A mission has been planned amgkea knows there is a specific
weather effects product available for this missidihis user could find it by searching
for a keyword which may appear in the title or suanyn

On the surface searching and ranking EVIS prodeemsns like a simple text query. All
EVIS products contain text and for the most paersisre inputting text (They can also
specify date, location, etc.). Such a search semwbuld be somewhat functional and
would provide users with good results some of imet However, the goal is to provide
the user with useful and relevant results condlistefo do this a different search
paradigm was necessary.

4 Search Approach

EVIS weather effects products are much like recar@gsdatabase. Each one containing
multiple entries of different categories (date giban, etc.) and differing amounts of
entries in some categories (effects). To furtleenglicate matters EVIS products are of
varying sizes, which leads to complications ifraggie text search is done.

The search and relevance algorithm created for E&/iSore akin to a database search
tool than anything else. Like a database seawlhtteearches in bins (or categories) for
matches to the user’s query. Certain bins carrsemeight in a search than others. If
for instance someone is searching by date andidmgathich is more important, and by
how much?

5 The Algorithm

The relevance algorithm is technically intertwirith the search algorithm. This choice
was made mainly due to efficiency. Searching fodpcts and assigning relevance
scores on the fly is faster than sorting througjbtaof matching results. The search
algorithm defaults to a simple AND (meaning thahiére are multiple terms and no
operators in a query they must all be present flsa@ment to be counted as a hit) text
search of all the fields in all the weather produbiat are currently available. An AND
search was selected because it eliminates thebdgf getting back clutter from a
specific query. EVIS and IFIS understand much nooraplicated Boolean keywords
and symbols in many combinations. For instancet‘gevere or moderate) and
helicopter” is a legal query. As the scenarios toeed above, most queries to this
system are expected to be rather specific. Howelerto the fact that the way in which



the system is intended to be used and the actalaiv@ld use of the system could be
different, this is highly configurable.

Relevance is determined based on several categdriefrmation. These categories
correspond, almost one to one, with the categaojiesy terms are expected to come
from. These categories also correspond nicely thighdata as it is organized in each
weather product. This makes for a relatively gege implementation. The categories
included in the algorithm are term, term_countvkesd, state _count, time, location,
title, summary, creator, and not. Each of theskamap a portion of the total relevance
score that a particular product receives. Thequrtg of this score is configurable so
each category can be given as much weight, as deedgetermining the final relevance
score. This allows for tweaking as EVIS is puuse. Currently the configuration is set
so that the category term has the greatest swalyeorelevance score.

5. 1 Search categories

List of categories and how they are calculated:

term — matches of query word in fields of a produgields include mission, evolution,
operation, and parameter.

term_count — number of times the term matches

keyword — gets points if the query term matche@ywnord. Keywords are specific to a
data provider, for instance “weather.”

state_count — the number of matches for “severagrgjinal”, or “acceptable” if
specified.

time — if the query time constraint matches thedpot. If the constraint is "before" or
"after", the value is a function of how close thiequct is to the constraint. If "contains”,
then the max amount of points are given.

location-if the product contains the query pointrdersects with the query box. This
value is Boolean. At this time Federated Seardsdmt provide a location lookup for
plain text location names (gazetteer). In theriitimay, but it is expected that it will
return the same data type for location to conteowiders.

title — do terms from the query match terms from pinoduct tile.

summary - do terms from the query match terms fifloenproduct summary.

creator — if a query by creator is done, is themeatch.

not — if the user specifies NOT in his query adorgdor term not being in the product.

For some of the categories a simple text seardbns based on the number of chances to
match vs. the number of matches. There is alspdhsibility of partial matches with

this algorithm. These categories are summarg, @ithd term matches. Other categories
are scored as stated above. Generally thesethee Boolean or number values. Scores
are temporarily stored for each of the resultsteAthis is done the scores for each
category are normalized against the highest scorihét category. This provides a list

of scores that make sense to the end user.

5. 2 Current algorithm weights:



Term: 15

Term Count: 10
Keyword: 5
State Count: 10
Time: 15
Location: 15
Title: 10
Summary: 10
Creator: 5
Normalize: false

These weights are based on the anticipated nedts ehd users. As those needs
change so can the weights. Currently the weighishasize time, term and location.

A sample search for these query terms would coechith the following results given
these listed products:

-Products 1 & 2 are USMC weather webpages

-Product 3 is for personnel and helicopter openaticovering all of Irag.

-Product 4 is for personnel and helicopter openaticovering the east coast of the United
States.

Query Terms Product 1 Product 2 Product 3 Product 4
Weather 10 10 5 5
Weatherlraq |0 0 40 0

human

Human 0 0 25 25

Iraq 0 0 10 0

Taken alone these results are exactly what a ssamiid return. When querying for
“weather” everything from EVIS is returned. Thegucts returned have low scores
because there is a low likelihood that any singéglpct is the one the user is looking for.
However, they are all given a similar chance ahgpp@ewed. In the second query from
the table above there were three terms “weathexg-+ human”. One product was
returned and this one product had a relatively Bighre. This is an acceptable result.
The user’s query indicated that he wanted thattbatb with Iraq or had a human effect,
and wanted something that was weather relateds mbre specific query returned a
higher result because it was easier to computadantfy that the user would like to

view the product returned.

6 Federated Search Applet

The following are example screen shots of the $eiaterface applets a user encounters
in the NCES ECB environment. The interface a eseounters will be similar to those



shown below, but not exactly the same. Many pieédlse interface customize
themselves based on a user’s role attributes aneldspreferences.

6.1 Simple Sear ch Interface:

File Options Query

A Search
Submit Query: | |v‘ GO
Timeframe: |Un|imited |v| =

[[] Stored Search Show Data Sources Personal Search Settings ( o/‘ |

Figure 2. Basic Federate Search Interface

This is the most basic interface through which sigsteract with Federated Search. This
interface is the default interface exposed whesea selects the search functionality in
the portal. It has basic functionality in it suzhthe ability to use personal settings, the
ability to use stored search criteria and a timm&dimitation setting.

6. 2 Advanced search interface



File Options Query
[' Query Creation |

10

A, Search

Submit Queny: |

[] Stored Search

Show Data Sources

Advanced Query | b g

Personal Search Settings

GO Wiz It!

with the exact phrase

without the words

with at least one of the words |

Date:

Max Hits:

Timeouts:

Data Source(s):

Frovider List Complete (Cached)

From [1900 [~ |- [0t [+|-[1 [+]

o e =] - [e=]- T

Wi Hits/Souree: oo |+

Source Timeout {sec Initial Response Timeout (sec): {300 :

Data Source Descript]

Content Staging

Don't Search |+

DoS Biographic Reporting

Don't Search |+

DoS Message Traffic

Don't Search |+

EVIS - Theater Weather Effects

-

generic resource search

Don't Search |+

JEOD Improvised Explosive Device Threat Data Provider

Don't Search |«

Inint Intellinence Center Pacific LICEAC) Messane

|Dnn‘| Se,

K

4]

|4

Figure 3. Advanced Search Interface

Should a user wish to perform a more specific qiteey can do so by selecting

“Advanced Query” from the drop down box on the tigitde of the basic search screen.
This will display the screen shown in Figure 3.atidition to the settings available in the

basic search interface this interface offers tileviong: specific date constraint
selection, configuring the output parameters addaxrch (maximum hits gathered,
timeouts, etc.), and it allows for the selectioclagion of specific data providers.

6.3 Search Results:
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File Options Query

Resufts |

Federated Search Results

weather |

® Results () Search Decisions () Provider Errors and Warnings
SortEy: @ Provider () File Type ) Date

Show Descriptions

Hits: 8 Status: Searchi

Stop Query ‘ Close Query Tab ‘ Wiz It |

Save Query

EWIS - TheaterWeather Effects (3 results)

Theater Weather Effects on OPS: Camp Foo August 17, 20...

& DE [relevance: 10]
Test Data Weather Effects Faorecast for Camp Foo

http=ffmirage. metoc.nidmoy.navy.mil/hdethdF-DemofbdethdF-Impact T est-Data.htm

Theater Weather Effects on OPS: Fort Bar February 22, 20...

& DpE [relevance: 10]
Test Data Weather Effects Forecast for Fon Bar

https:fimirage. metoc. nidmoy.navy. milfhd ethdF-Demol/ddettdF-Impact T est-[ataz htm

Theater Weather Effects on OP5: 16:20 UTC Thu 09 Mar 2006

& DY [relevance: 5]

This product provides visualizations of the operational effects of the weather between Mar 9, 2006 and ¢l

har 9, 2006 in region LAT{(5S5&deqg; 12" 44 06" M, .. [more]

Theater Weather Effects on OFS: 13:47 UTC Wed 08 Mar 2...

& DY [relevance: §)

This product provides visualizations of the operational effects of the weather between Mar 8, 2006 and ¢l

Mar 8, 2006 in region LAT(80&deq; 00" 00.00" M, .. [more]

Theater Weather Effects on OFS: 13:42 UTC Wed 08 Mar 2...

& DY [relevance: §)

-

EVIS - Theater Weather Effects 2005-08-16T1

EWIS - TheaterWeather Effects | 2005-02-21T3

EVIS - TheaterWeather Effects | 2008-03-08T1

EWIS - Theater Weather Effects 2006-03-08T1

EVIS - Theater Weather Effects | 2006-03-08T1

1] ]

Figure 4. Search Results Display

Upon the successful completion of a query the isspresented with a screen similar to
that shown in Figure 4. In this interface useesable to sort results by provider, file
type, and date as well choose to show descripponst. Each result item has the
following information associated with it: A titlprovider name, date. Clicking on a
product title will bring the user to the selectedquct.

6.4 Products Sear chable viathe GI SA Tool
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r
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Al Madinah Ar Riyad
®

Figure5. Geographical Search Interface

The GISA (Geospatial Information Situational Awages) portlet show in Figure 5 is a
tool that allows users to search for products eaggaphic location. It uses the IFIS
engine to return a list of product which can beaa&ed down using the interactive map
or a list similar to the one in the Federated Sealient.

7 Cross-Provider Relevance

Federated Search simultaneously returns results finaltiple data providers, each
providing different types of data using their ovehevance algorithms. This becomes a
problem if one provider writes its algorithm sottliaalways scores low (or always scores
high) relative to the other providers. When itscqurcts are meshed with the products of
other providers it may always appear low on thiedisl never see any traffic from users.
This is the biggest problem in returning cross-pterrelevance. A quick solution to
this problem is normalizing the scores returne@agh provider. This, however, is also
problematic. For instance, if a user queries Fad3efor products pertaining to Iraq
weather they should receive all EVIS products Widlg in the title or summary. They
may also receive products that mention weathedr@gdn passing, perhaps only a few
from a single provider. The first product fromgiprovider would be rated at or close to
100% relevant even though it might not be thatvah. And the last product returned
by this provider might be rated at a floor of 1%evant, where it should probably be
somewhere at 30% or 40%.
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Figure 6 is a typical output from the search quergather”:

Format Relevance| CLS Title/Abstract
DoS Telegraph (06ISLAMABADA429): PAKISTAN - EARTHQUAKE: USAID/DART ASSESSMENT TRIP TO MUZAFFARABAD
Highlighted
& . ...effects of the severe winter weather during the previous days. Affected...remarkably well through the severe weather. That affected populations  [Dos 2006-01-
P =1100] [s] managed as...effect of the severe winter weather in previous days. Per Ref...the first wave of winter weather, including heavy rains and ﬁiﬁ:fe 13T07:27:00+0000]

ter weather that occurred on January 1 and...

snowfall...due to the severe win
com/ncddos/cable/mrn_061SLAMABAD429.html

http://ncddosi.citi-us.com/n:

DosS Telegraph (06ISLAMABAD437): PAKISTAN - EARTHQUAKE: USAID/DART ASSESSMENT TRIP TO MUZAFFARABAD

Highlighted
=l - ...effects of the severe winter weather during the previous days. Affected...remarkably well through the severe weather. That affected populations  [DoS 2006-01-
P S=[100] [s] managed as...effect of the severe winter weather in previous days. Per Ref...the first wave of winter weather, including heavy rains and 'T”';f::?e 13T09:08:00+0000]
snowfall...due to the severe winter weather that occurred on January 1 and...
http ncddosi.citi-us.com/ncddos/cable/mrn_06ISLAMABAD437.html
U) nkor.pdf [NGiC
] “ 77 Air Defense Support to Offensive Operations i Imagery  2004-01-
= 099 [U] https://hfdevportal2.s avy.mil/hfPortal/portle jspredirectURL=Ntps% IA%2F%2FhyperhfL.us.hy ideo 237T01:09:467)

D S| co and Vi
m%3A443%2FNGIC% agery%2520and%252 fff%2FNGIC_Products%2Fi e%2Fguide%2Fdprk%2Fnkor.pdfProducts |

South Korea: Weather Supercomputer Urgently Needed
for the supercomputer being used for **weather** forecasting that is located in the Computerization Technology Center | Research Institute]. Local

N S - - f
] **weather** forecasting is expected to suffer. As a result, a strong demand is being made to purchase a dedicated supercomputer for quickly E)Pa‘aam,‘,',‘::r
DE Byoo7) [SI analyzing **weather* data Releated  1998-09-16]
https://pathfinder.us. ve.com:8443/docServer/Retriever?dbname= /export/horizontal_fusion/databases/FBIS_1998&recnum=241285&qfile=H Messages |
F_1143236201444_2 342
Nigeria: Nigeria--Meteorological Equipment Installed at Six Airports
Article by Leo Collins: "Six Airports Get Automatic **Weather** Observing Equipment"
< country. the across stations its of six in (AWOS) System Observing **Weather* Automatic |>
[ Pathfinder
8 9[089] [s] Also | experimental farm at the Central *Weather** , Forecasting Station, Oshodi, also in Lagos. ga‘a‘ Iraq 1998-05-28]
DP eleated
; Messages |
According
https://pathfinder.us.hyperwave.com:8443/docServer/Retriever?dbname= /export/horizontal_fusion/databases/FBIS_1998&recnum=1504248&qfile=H
F_1143236201444_2325: tmp
South Korea: ROK, DPRK Exchange Notes on Possible Information Trade
on a possible swap of **weather** -related information, the meteorological administration said thursday.
e _ The administration sent the telegram, in the name of kimpo airport's **weather* office chief | , stressed the urgency of exchanging **weather** E):‘aam,‘.','::r
) oso) [SI' information for various purposes, including safety of flights Releated  1998:04-25]
Messages |

https://pathfinder.us.hyperwave.com:8443/docServer/Retriever?dbname= /export/horizontal_fusion/databases/FBIS_1998&recnum=629588&file=HF
1143236201444_23254342.tmp

Figure 6. An Example Search Output

As you can see a lot of the products are not weaihecific. EVIS products do not even
show up in the first page of hits.

Currently work is being done to remedy this sitoiati Cross provider relevance is not an
unattainable goal. A solution is in the work tlwdks at secondary characteristics and
context to determine the proper cross providenegiee scores. These characteristics
include the tendencies of each provider’s algorijttita content/syntax of the query, and
other related attributes [6]. The hope is thathmfuture it will be easy to pull data from
various sources and present them to the user éasyto digest form.

8 Beyond

There are several important points to take awaw fitis development process. The first
is that the user is paramount in making designsit@es. In many situations it can be said
that the user is what makes or breaks an endedvw difference between a good
product and not so good product is the way the peereives it. In this case the user is
military personnel who need accurate and timelytharaeffects reports. This meant
tailoring the search algorithm to their needs. c8mally this meant weighing the
categories in favor of ones they are expecteddochemore often.

The second lesson learned is that off the shalftisois are not always the simplest or
best for a particular problem. This problem regdisomething specific and simple to
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solve. A custom algorithm was ultimately not oyarbmplicated to devise and
implement. In addition, this algorithm specifigaéinswers the needs of its target users in
a way that others might not be able to.

The NCES ECB SOA continues to grow in three dimegi First it is adding more data
providers. This is happening slowly but is madesilnle by the frameworks created
early in the process. Second is data. Each peovwsdserving more and more data. This
is especially true as NCES systems go operatiomhhee being used by military
personnel on the SIPRnet. This is the third afegawth; users. Many of the data
providers get their data and products from us&v#¢h more users there is more data and
with more data there is more potential for confasio
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