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Abstract 

As the world becomes more connected and data-driven, accumulating masses of data is 

becoming a more common corporate strategy. This paper discusses the current PRICE® Systems 

data collection methodology within the company that utilizes web scraping/crawling. The team 

will present both lessons learned and potential shortcomings in the current method of 

approach, along with plans for future endeavors. 

 

Introduction 

Since new estimates are informed by the qualities of older projects, data is critical for the job of 

a cost estimator. Data that is plentiful and in an ideal format for analysis is hard to come by, 

especially because aerospace and defense industry information is often classified.  

The internet provides a potential source of data due to its large amounts of accessible 

information. Online data can be collected manually, but this can quickly turn into a labor-

intensive task that is prone to human error. As a result, automated data collection can be 

incorporated through web crawling and scraping, processes which collect data from internet 

webpages using special software [1]. Both were utilized by the cost research team at PRICE to 

collect data from several different websites.  

The goal was to build repeatable, automated processes that would streamline the collection of 

cost-related data. After the data was validated it could then be studied to establish Cost 

Estimating Relationships (CERs) to inform future estimates. This is beneficial because of the 

variable nature of the online commercial market. The procedure could be rerun periodically to 

update the resulting database. 

This paper is not intended as an expert’s analysis but instead as a review of the team’s projects, 

challenges, and lessons learned. It intends to inform a general procedure for these projects. In 

addition, it will expand upon the presentation given at ICEAA 2017 called “Automated Data 

Collection Using Open Source Web Crawling Technology” [2].  

 

More About Web Scraping/Crawling 

Web crawlers and scrapers can be software programs, or scripts written in a programming 

language. The team used commercial software due to a lack of script writing expertise. Web 

crawlers and scrapers are very similar, but are not the same thing. While both take the data 

from a webpage’s Hypertext Markup Language (HTML) code, web crawling is focused on 
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determining the webpage’s structure and other web page links through keywords and URLs. 

Web scraping takes specified pieces of data from web pages. It can be done for a variety of 

purposes [3]. The team used web crawlers to grab product page URLs and then scrapers to grab 

data. Both may be done using the same program.  

 

Methodology 

When scraping a website, the team generally followed these steps: 

1. Find websites with relevant data  

2. Determine if crawling/scraping from the website is legally permissible 

3. Choose the appropriate tool 

4. Obtain and normalize the data 

a. Obtain a list of product webpages 

b. Extract the data from product webpages 

5. Application  

6. Data validation 

These steps are elaborated below. Throughout the explanation of this procedure, we will 

reference the creation of a handgun database. 

 

1. Find websites with relevant data  

Finding cost related data is obviously critical for establishing CERs. This can be problematic 

when online commercial stores only have prices. Prices have additional fees, special taxes, and 

profit margins in addition to the cost of manufacturing.  

To mitigate the effects of these factors on cost, the team used publicly available financial data 

from the manufacturers to estimate profit margins on prices. Due to the obscure nature of 

pricing in commercial markets, this tactic is not flawless. For example, there may be some 

products that are sold below cost to attract customers, but there is no way to know which 

particular items this would apply to [4]. In addition, Manufacturer Suggested Retail Price 

(MSRP) or market pricing also accounts for the wholesaler and retailer profit [5]. Wholesaler 

and retailer profits are difficult to measure due to commercial markets fluctuating to supply 

and demand. However, data would still be acceptable if the prices on the vendor website in 

consideration were similar to the online list prices directly from a publicly traded manufacturing 

company. 

Other critical data gathered included the quantity of the product being sold (if relevant) and 

unit weight. The team also gathered other specifications. This included characteristics that were 

identified as potential drivers of cost (e.g., material composition), or helpful for organizing the 

data (e.g., brand). 
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While there are many websites that have this type of data for handguns, other factors forced 

the team to limit which websites we could choose from. These included the ease of scraping 

and the legality of collecting information from the particular website.  

 

2. Determine if crawling/scraping from the website is legally permissible 

While it is possible to scrape massive amounts of publicly available data, that does not mean it 

is guaranteed to be permitted by law. One of the most critical parts of this process was that the 

team had to determine if the website gave permission to applications for crawling and scraping. 

Krotov and Silva [6] point out that so far there has been no legislation completely for or against 

this method of data collection, or even a set of rules that software must abide by. They propose 

a list that expands upon the legal and ethical concerns, most of which are applicable to those 

looking to gather cost-related data from commercial websites. For example, not only is using or 

accessing data a potential legal issue, but users must also be careful that data isn’t copyrighted. 

In addition, users must be careful not to overburden the servers with requests or gather data 

that can damage the website’s owner through the revealing of trade secrets.  

Based on these suggestions, the team considered each of these concerns before starting the 

data collection phase of the project. The volume of scraping being done wasn’t overly 

ambitious. The intention of the data collection was purely academic in nature, and not intended 

to be harmful. However, team members still needed to ensure that webpages were being 

accessed legally. 

The team consulted each website’s version of “The Robots Exclusion Protocol” to check that the 

data was contained in parts of the website that could be scraped by a robot. This is also called 

the robots.txt file, which is the part of the site dedicated to noting which directories of the 

server should not be accessed by a robot. Despite these warnings, some robots and programs 

may be built to ignore these directions [7]. This is a dubious practice that the team avoided.  

For instance, the text below means that no robots are allowed to access the “/welcome.html” 

directory on this website: 

 

Figure 1: Robots.txt Snapshot 

It is possible that the Robots Exclusion Protocol may change over time to include or exclude 

certain addresses. When these processes are repeated to update the datasets, the user must 

recheck these webpages to ensure they are still adhering to these policies.  

For creating the handgun database, the only website we found that met all the conditions in 

the first two steps was Hyatt Guns, a brick-and-mortar gun shop with an extensive online 

catalog [8]. 

Presented at the 2019 ICEAA Professional Development & Training Workshop - www.iceaaonline.com



© 2019 PRICE Systems, L.L.C. All Rights Reserved 
 

 

3. Choose the appropriate tool 

Once a website was chosen, the team had to select a tool for web crawling/scraping. Two 

applications have been used so far for the project. The first was RapidMiner, which was 

introduced in the 2017 ICEAA presentation [9]. RapidMiner breaks its work down into operators 

that are easily viewed, customized, and moved in its Graphical User Interface (GUI). It has many 

capabilities such as data transformation, validation, and, modeling [2]. RapidMiner is not 

primarily a web scraping or crawling tool, but it has a downloadable extension called “Web 

Mining” that can be used for the task. Unfortunately, it has a steep learning curve. In fact, the 

team spent a few hours a day learning the tool for several weeks before knowledge of the 

application was sufficient to extract data from websites like Hyatt Guns.  

The second tool used was Octoparse [10]. This tool uses machine learning algorithms to see 

patterns in the HTML code. All the user needs to do is “point-and-click” on the desired 

webpages and/or data. Then, the program creates a Microsoft Excel or a .csv file. Due to the 

ease of use, it’s possible to learn how to use this program within a couple of hours. However, 

because of the limitations of this software, the spreadsheet must be normalized with another 

program. 

These tools are only an example of web scrapers that are available online. They were chosen 

because of previous use within the company and because there are free versions of the 

software. For example, RapidMiner and Octoparse will let any file in their respective free 

versions have up to 10,000 data points. A larger (but still not exhaustive) list of scrapers can be 

found here [11]. 

4. Obtain and normalize the data 

The process described below assumes the use of a more involved program such as RapidMiner 

versus a simpler program such as Octoparse. This step is typically the most time consuming, so 

it is described in two sections: grabbing product webpages and then taking the desired data. 

 

a. Obtain a list of product webpages 

This part of the procedure was related to web crawling, not scraping. On a store’s webpage the 

links that contain product prices, names, and specifications are needed for any analysis to be 

possible. For example, Figure 2 shows a small subset of the list of products you would see on 

the Hyatt Gun Store [8]: 
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Figure 2: Hyatt Guns Products 

Outlined in red is the section a user would click on to get to the product page. It is also the part 

of the HTML code where the URL lies. The ICEAA presentation from 2017 described multiple 

web crawling methodologies to obtain a list of URLs that lead to each individual product page 

[2]. After this is completed, the data is parsed from these webpages. 

 

b. Extract the data from product webpages 

For data extraction, only a basic understanding of HTML is necessary. The technique the team 

took advantage of patterns identified in the code. Once this was set up properly, the program 

can do the rest. 

Web scrapers are able to take HTML code from each page in the list and convert it into a text 

file which is used to parse the data. Then, the team primarily retrieved information using 

“String-matching”. This method obtains all the text between two different strings as specified 

by the user. Before using, it is important to check multiple webpages to ensure that the 

structure of the code is consistent among the products, and that the information desired has 

unique strings surrounding it. This is because string-matching only grabs the information from 

the first instance of the exact string indicated in the text.  

Figures 3 and 4 demonstrate screenshots from a revolver being sold on the Hyatt Guns website 

[12]: 
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The HTML code in a browser can be located by right-clicking on a web page and selecting “View 

Page Source”. From there, the section of the code where the tables are can be isolated and 

selected. Note that in the code pictured, there is a regular price and a sale price. To keep 

consistency for the validation phase, the market price of $629.00 was extracted, not the 

discounted price offered by the website. Therefore, the string-matching method must be 

directed to obtain the text between the boxed text below, class="market-price"><span 

class="currency"> and </span>: 

 

Figure 5: HTML String Matching 

This method was repeated to grab the desired parts of the data on every product page such as 

brand, SKU, condition, caliber, etc. There are situations where string-matching may not work, 

such as when HTML code surrounding data is non-unique or it varies slightly throughout the 

webpages. Methods such as X-Path or Regular Expressions are harder to learn than string-

matching but may be successful in these special cases [13] [14]. 

Once this phase of the project is complete, there still may be extra spaces, unwanted 

characters, or differing metrics in the dataset. These should be cleaned up and items missing 

critical data should be removed. Data can be easily normalized by using a program that creates 

an automated process for doing so (such as RapidMiner or a VBA script in Excel). In the case of 

small datasets that are mostly complete, normalizing by hand may be reasonable.  

Figure 4: Revolver Description Figure 3: Revolver Technical Specifications 
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Regardless of methodology, establishing consistency in data is critical for determining CERs. At 

this point the dataset is not yet complete, but may look something like Figure 6: 

 

Figure 6: Revolver Dataset 

 

5. Application 

As stated earlier, cost is needed to establish CERs, but information on consumer websites 

typically yields prices. However, cost can be approximated when special taxes and fees such as 

overhead and profit are considered.  

It is assumed that any taxes would be the final addition to price, so it should be the first to be 

deducted. Firearms have a special excise tax that adds 10-11% based on the category of firearm 

[15]. Therefore, the team created a new column of data where the price of the gun before the 

excise tax was calculated. 

The next step was determining the percentage of profit and General & Administrative (G&A) 

fees that are attached to the product’s market price. The team reverse engineered these cost 

factors from publicly available financial records published by publicly traded companies in the 

relevant industry. Unfortunately, there was only public financial data for one firearm 

manufacturer: Sturm, Ruger & Company, Inc. Over the course of three years, G&A expenses 

averaged about 20% of expenditures and total profit averaged about 12% [16]. These values are 

similar to internal guidance for general government contracts. PRICE’s® TruePlanning® software 

calculates cost automatically based on the indicated G&A and Fee/Profit, values but this can 

also be done by hand or with other programs. 

Now that the team had criteria for approximating the cost of each item, the data was applied to 

the Hardware cost model in TruePlanning. Weight was the only quality immediately applicable 

to the model. Other aspects like manufacturing process, percent of new structure, and 

production numbers were once again interpolated from online sources or subject matter expert 

(SME) knowledge. These values were industry averages that were used consistently across 

every item. The only exception to this were the additional production numbers, which were 

averages based on production surveys that varied among firearm type [17].  
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Figure 7:  Unit Production Cost vs MCPLXS 

After that, each item was calibrated to a Manufacturing Complexity for Structure based on the 

interpolated cost. Manufacturing Complexity for Structure is a major driver of the Hardware 

model that serves as a modified measure of cost per weight unit. For the two different types of 

handguns, pistols and revolvers, the histograms revealed that the distributions of the 

calibration results approached a normal distribution: 

 

Figure 8: MCPLXS Histograms vs Normal Distributions 

When the dataset was completed, it was also applied to the TruePlanning framework. Data was 

sorted by brand. Each brand was represented in the Product Breakdown Structure (PBS) as a 

single Hardware object with average weights and Manufacturing Complexity for Structure 

values. Figure 9 shows the PBS of what was now called the component database. On the right is 

the input sheet that is representative for all of the Smith & Wesson revolvers: 
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Figure 9: TruePlanning® Component Database 

 

6. Data validation 

Since the project focused on obtaining prices from the internet and interpolating cost from that 

data, validation is important to ensure that these estimations were reasonable. Finding relevant 

cost data of other public online sources to cross-check the database was the key to validation. 

The team called these estimates test cases.  

A set of test cases are valid if the average percent error was within one standard deviation of a 

normal distribution (+/- 33%). The first type of test cases in this particular database involved the 

firearms competing for the XM17 modular handgun system competition, which was a contract 

listed at $5.4 million for about 7,100 pistols [18]. Using this information, the team found that 

the exact firearms in contention for the contract were listed in the database, allowing the team 

to estimate costs for that contract based on each specific gun’s weight and manufacturing 

complexity. The estimate closest to the contract award amount, the Sig Sauer P320, is the gun 

that won the contract. The seven estimates were, on average, 10% below actuals: 

Brand Firearm TP Estimate %Error 

Beretta M9A3 $7,471,667  38.4% 

Beretta APX $3,879,026   ‐28.2%  

CZ-USA P-09 $4,066,033   ‐24.7%  

FN USA 509 $4,438,781   ‐17.8%  
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Glock 19 $4,675,500   ‐13.4%  

Sig Sauer P320 $4,914,740   ‐9.0%  

Smith & Wesson M&P 9 $4,564,371   ‐15.5% 

Figure 10: XM17 Contract Results 

Another test case was created to demonstrate capability of performing early program 

estimates. Contracts for 65,000 were awarded in 2005 to both Sig Sauer and Heckler and Koch. 

They ranged from $23.7-$26.2m. The calibers of the guns for both orders were 

9mm, 40 S&W, and 0.357 Sig [19]. When the data is filtered to these specific calibers and given 

the production number that matches the contracts, the estimate was $25.6m, which fell within 

the range of expected cost.  

Both types of test cases demonstrate the ability to use the databases for cross-checking the 

following: competitor data, early program estimates, or price-to-win scenarios. These 

databases have already been used within PRICE as either a cross check or as an initial 

exploration of data that is not easily accessible elsewhere. 

 

Another Type of Database 

The team also completed a long gun component database that was very similar to the one 

created for handguns. Both were an example of a PBS of products organized by one or more 

qualities (object type and brand). Another type of database was a PBS meant to model a system 

whose components are taken from the data collected. An example of this was the Humvee 

component database, which is a PBS representative of the military surface vehicle. The 

information for each cost object was gathered from Kascar, an authorized parts and service 

provider for the Humvee [20]. Once again, weights and costs for each datapoint were used to 

calibrate each item to its respective cost, which was then calibrated to a Manufacturing 

Complexity for Structure. Averages for datapoints of the appropriate product type were taken 

and applied to the PBS: 

 

Figure 81: Humvee Component Database PBS 
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Just as with the firearms databases, this data was also verified. The major drivers for the engine 

were compared against PRICE®’s internal historically-based recommendations. The Kascar 

engine data was only two pounds more than the actual mass, and when calibrated it yielded a 

manufacturing Complexity for Structure well within 5% (4.15 compared to the recommended 

value of 4.30). Additionally, the cost of a non-armored Humvee was quoted at $70k in 2011 

[21]. Our results indicated a cost of just over $74k for a system that was about a hundred 

pounds less than the actual curb weight of 5200 pounds [22]. Results were well within the 

acceptable range of percent error.  

 

Limitations 

There were many reasons as to why test cases did not match the actuals. Generalizations were 

made when data was applied to our model. For example, cost is approximated based on price. 

While the team did develop a methodology for calculating profit for the manufacturer, there is 

no way to account for how much retailer profit is in MSRP or other types of prices listed online. 

In addition, all weights were treated as structure and not electronics. While this was not an 

issue for the firearms data, it was certainly a shortcoming of the Humvee component database. 

However, the validation of data has demonstrated that even with these approximations and 

extra fees baked in to the calibrated Manufacturing Complexity for Structure, these estimated 

costs from the websites can still provide for acceptable cross-checks or price-to-win scenarios.  

Another limitation is the team’s use of certain tools. A more sophisticated way to obtain large 

amounts of information is through using an Application Programming Interface (API). These are 

useful because they are tied directly to the databases in websites [23]. API requests must be 

written a certain way. Then, the output, usually a large mass of text, would need to be 

organized into a usable database. In addition, API’s are intended to output a stable structure, 

unlike retailer websites which can change without warning. While one must still be careful to 

ensure it is legal to store or use the information contained in the API, many APIs are meant to 

be available to the public [24]. As an example, Best Buy has an API for its product specifications 

and sale prices. Users must request a key before accessing the information [25]. As of this 

writing the team is still learning how to use APIs.  

 

Future Directions 

The team would like to expand the scope of the project and create more databases. Prospective 

projects include cloud computing pricing, microcircuits, and space components. In addition to 

web scraping, APIs will be used to extract the information. If possible, the current databases 

will be expanded with more data points and categories. Not only would this be helpful for 

future estimates, but it would be beneficial to find more sources to cross-check the data. 
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Conclusion 

This work has outlined a methodology for obtaining large amounts of data from the internet by 

utilizing web crawling and scraping. These steps have been successfully applied to various types 

of equipment of interest to many in the cost community. While imperfect, early results are 

promising for using the databases as a cross check for early estimates and price-to-win 

scenarios.  The team intends to continue applying and improving this approach as new sources 

of publicly available relevant data become available.   
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