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Guide to Least Cost Routing 

Introduction
It’s no secret that least cost routing is the computer-based fax industry’s hottest technology. Everyone wants to buy a fax server that promises to save their business money. Identifying this need in your organization is the easy part. The hard part is trying to evaluate and decide which fax server best meets your needs today and tomorrow. 
This guide describes the features and functionality of least cost routing technology as it pertains to the computer-based fax industry. It also highlights the differences between different types of least cost routing. Designed for network administrators and other information systems professionals, this guide will provide the information you need to make intelligent decisions when purchasing a fax server for the enterprise. As you are about to discover, not all least cost routing systems are equal.
What is Least Cost Routing?
Least cost routing (LCR) is a term used in the network industry to describe technology that allows you to route data using the least expensive path. The fax industry has adapted LCR to include the process of routing faxes among fax servers on a network. In either case, the goal is the same: to save money by reducing traffic over the public phone lines where ever possible. By using an organization’s Internet or existing intranet connections, faxes can be routed to the server closest to the fax destination, potentially reducing a fax from a long distance call to a local call.

The term "least cost routing" is somewhat confusing. Fax servers do not actually make decisions based on price structures or tariff algorithms. It is up to the fax administrator to create rules that appropriately reflect the company’s faxing habits and phone carrier rates. 
Intelligent LCR vs. Simple LCR
The challenge of instituting LCR for the entire enterprise lies in the limitations of most fax servers. Administrators should be able to create routing rules that take into account several factors, such as time of day, fax priority, server availability and server workload, in addition to matching the number dialed. At the same time, these complex plans should be flexible enough that the administrator need not create individual rules for every combination of numbers. Perhaps most importantly, administrators want intuitive tools to help them manage and troubleshoot such a system. 
The needs of the users are simple. They simply want the fax to make it to its destination in a timely manner. They do not care how it gets there or whether it is routed by LCR at all. LCR should be transparent to users and they should not have to change the way they enter fax numbers. 
Most fax servers, with simple LCR systems, cannot overcome these limitations. Only Intelligent LCR™ from RightFAX can give users and administrators the power and flexibility they need. 
Why Do You Need Intelligent LCR?
If your business is like most, you send a combination of intrastate, interstate and international faxes. In fact, some analysts estimate that faxing accounts for over 40% of the average business’ telephone bill. Because telephone companies specialize in many types of services, you are not likely to find any one carrier with consistently low rates in every market. For example, an east coast-based long distance company may offer competitive intrastate rates in New York, but offers higher rates on calls between New York and Washington, D.C. That same carrier might offer competitive rates to England and France, but higher rates to Japan. Searching for and keeping track of the "best value" can require a lot of effort, but that information, when used in conjunction with even simple LCR systems, can pay high dividends. When you’re sending high volumes of faxes every day, saving only a few cents per page can add up to a significantly lower phone bill at the end of each month. The basic features of LCR include:
• reduction of long distance charges
• use of the Internet instead of the public switched telephone network (PSTN) 
• full preservation of sending options (cover sheets, rules, billing codes)
• transparency to users – no need to adjust the way fax numbers are entered
Intelligent least cost routing, from RightFAX, extends the functionality of basic LCR systems, offering even more sophisticated features and options for even greater returns. In addition to the cost savings, you can leverage the power of multiple servers on your network, increasing server efficiency by sharing resources and workloads. Instead of investing in a 24-channel server at every site in your organization simply to ensure you have enough power at peak times, you can purchase more fax channels for sites that are busier and fewer channels for sites that are typically less busy. Then, when you need that extra bandwidth, you can distribute faxes to an available server. In short, your servers are more productive with less overhead invested. No other fax server offers these Intelligent LCR benefits:
• capacity sharing (load balancing)
• dynamic capacity tuning 
• priority, time, and day restrictions
• cascading route combinations
• integration with service bureaus (Enhanced Fax Service Providers)
• automatic error recognition and immediate rerouting
• centralized management and testing tools
 

Intelligent LCR satisfies everyone’s needs. Management will see the dramatic reduction in long distance charges. Administrators will enjoy the intuitive, flexible power of Intelligent LCR systems. Users will not need to be retrained on how to fax, because nothing on the client side changes. Intelligent LCR pays for itself in more ways than one, in just a few short months. 
How Does Intelligent LCR work?
Intelligent LCR is comprised of several components, including: dialing plans, testing tools, and management utilities. Each is described in detail below.
Dialing Plan
Dialing plans allow the fax server to make sophisticated decisions about where a fax is going based on the phone number, time of day, day of week, fax priority, and fax source. The dialing plan is a key component and is actually useful even on single fax server installations.
Your fax server’s dialing plan is made up of several dialing rules. Most fax servers compare the fax number entered to the list of dialing rules and stop when they find the first match. This first match may or may not be the "best" match and the fax may be routed incorrectly. Because the dialing plan only allows one rule to match a number, the administrator faces the difficult task of creating individual rules that match every possible scenario for each number. 
Intelligent LCR saves the administrator from trying to anticipate every combination entered by users. Using the defined rules, the server evaluates each fax number entered by users on your network. After comparing the fax number and conditions (time, day, priority) to each rule, a "weight" or measurement is assigned by the server. A number can match more than one rule at a time. The more closely the number matches a rule, the higher the weighted value it is assigned. The fax server will use the rule with the highest weight to send the fax. 
Example:
Company XYZ creates dialing rules as described in the diagram below.
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On Tuesday, user Bob sends a high priority fax to 212-320-7890. The fax number is compared among the four dialing rules and is determined to match both Rule #2 and #4. Rule #2 matches any number that begins with 212, sent between Monday and Friday. Rule #4 matches any 10-digit number that begins with 212-320. Because Rule #4 is more specific (it matches the actual number of digits in the fax number), it is considered the best match. Using Rule #4, the fax server will route the fax to the New York server.
Pattern Matching
While other fax servers’ simple LCR systems may allow simple pattern matching of phone numbers, Intelligent LCR allows complex pattern matching. For example, a product may only allow a single, match-everything wildcard character (e.g. 415+). Intelligent LCR has four different wildcards as shown below, that allow ultimate flexibility (e.g. 415+, 415???????, 6?5+, ~415+, ????? and more). 
	Wildcard
	Definition
	Examples

	+
	Matches zero or more digits; must always appear at the end of number string; this character is the assumed default and is recommended to be set to the local server. 
	+ = matches any fax number entered, including 320-7000, 100, and 011-44-75653442.415+ = matches any number that begins with 415, including 415-320-7000, 415-4455, and 4151.

	~
	Matches zero or one digit; can be placed anywhere in the number string
	~415+ = matches any number beginning with 415or digit -415 including 415-320-7000, 415-3222, 1-415-320-7000, and 2520.~~415+ = matches 1-415-320-7000, 9-1-415-320-7000, and 415-320-7000.

	?
	Matches exactly one digit 
	415-320-7??? = matches any number that has final four digits between 7000-7999.415-???-???? = matches any number within the area code 415.

	%[table name, number of digits to match]
	Matches digits defined in a prefix table to the number of digits specified (refer to ""Prefix Tables"" below)
	415-%[EAST,3]+ = matches all numbers that begin with 415 and have a 3-digit prefix defined in the table called EAST.


Example 1:
A user at San Francisco-based Company XYZ wants to send two faxes: one to another user at the company with an internal extension of 41543; and one to the local sales office at 415-555-1234. Because the sales office is a local call, the area code should not be dialed.
With most fax servers, you could create the following dialing rules: 
Rule #1 415+ remove first three digits
Rule #2 + remove no digits
The fax to the sales office may succeed, however, the simple-nature of most fax servers will cause the fax to the internal extension to fail. The server follows rule #1 and improperly changes the phone number to 43 (it removes the first three digits) which is not a valid number. 
Intelligent LCR, from RightFAX, can be configured with the following rules: 
Rule #1 415+ remove first three digits
Rule #2 ????? remove no digits
Rule #3 + remove no digits
When the fax is sent to 41543, it actually matches all three rules. However, it matches the rule "?????" best since it specifies the exact number of digits and so the server does not remove any digits. The user’s fax is successfully sent to the internal extension.
When the fax is sent to 415-555-1234, it matches rule #1 and #3. However, it matches rule #1 best since it is more specific. Intelligent LCR follows rule #1 and removes the first three digits for the local call.
Example 2:
Rules can also direct faxes to other fax servers for sending. For example, the following rule could be defined on the San Francisco server:
Rule #1 01144+ route fax to London server
If a user on the San Francisco server sends a fax to 011-44-1329-44323, the San Francisco server will actually direct the fax to the London server. From there, the London server would determine whether to place a local call and send the fax or forward it to yet another fax server, based on the London server’s dialing rules. Such a rule avoids the long distance charges of a call from San Francisco to London over the PSTN.
Prefix Tables
Intelligent LCR allows the administrator to create prefix tables to store and organize groups of numbers such as prefixes or area codes. Rather than creating a separate rule for each number pattern, the administrator would simply create a few rules that reference this prefix table, saving considerable time without compromising functionality.
Example:
The following five rules can easily be replaced by two rules that reference the prefix table T1:
Rule #1 415-343-???? Strip 3 digits, add ‘1’
Rule #2 415-353-???? Strip 3 digits, add ‘1’
Rule #3 415-363-???? Strip 3 digits, add ‘1’
Rule #4 415-373-???? Strip 3 digits, add ‘1’
Rule #5 415+ Strip 3 digits
The better way…
Rule #1 415-%[T1,3]-???? Strip 3 digits, add ‘1’
Rule #2 415+ Strip 3 digits
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Time Sensitivity
The Intelligent LCR dialing plan can also be tailored by using time-of-day and day-of-week settings. That is, a dialing rule may only be effective during certain times of the day and certain days of the week. During the rest of the time, the rule is out of contention. 
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Example :
Company XYZ creates the following rules:
Rule #1 011+ Sat-Fri, 7pm to 5am Server1
Rule #2 + All times Local server 
The first rule will match all international faxes sent each day between 7 PM and 5 AM. If a fax is sent to any number beginning with 011 during those hours, it will be routed to Server1 for sending. The rest of the time the first rule is not valid, so faxes would match rule #2 and be sent from the local machine.
Priority Sensitivity
Intelligent LCR’s sophisticated dialing plan allows the system administrator to define rules stating that faxes of certain priority levels can be routed via specific servers. 
Example 1:
Company XYZ considers High priority faxes to be of the utmost importance. With Intelligent LCR, a dialing rule could be setup to direct all high priority faxes to send locally, while normal and low priority faxes may be routed over the WAN or Internet for cost savings. They should add the following rules to their dialing plan:
Rule #1 + High Send via Server1 (local server)
Rule #2 + Normal Send via Server2 (New York)
Rule #3 + Low Send via Server3 (Boston)
Now, when a user sends a High priority fax, it will always go out via the local phone lines. The company feels that any cost savings of LCR would be easily lost if the fax were not delivered due to a WAN link or remote server failure. To put it another way, saving 50 cents while sending a customer a $50,000 proposal is considered too risky.
These rules would also be useful if Company XYZ had scheduled a low priority fax broadcast to 20,000 people and didn’t want to "starve" their normal and high priority faxes from being sent. Intelligent LCR would route the broadcast to Server3 in Boston, leaving New York and the local server available for the rest of the fax traffic.
Redundancy
Now that faxes may be sent through physically separate servers, Intelligent LCR must take extra precautions to ensure that each and every fax is successfully delivered in a timely manner. To accomplish this, the server makes some intelligent decisions when it detects faults. There are two likely problems encountered when using LCR: WAN link failure or remote server failure. 
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Example:
Company XYZ creates a rule that routes a fax from the Seattle server via a WAN link to the Detroit server. After the fax is successfully scheduled for transmission in Detroit by the Seattle server, the WAN link fails. The Seattle server now has no way of confirming successful transmission of the fax on the Detroit server.
Traditional fax servers take a simplistic approach to such conditions – they simply wait up to 8 hours (or some definable delay) for confirmation from the Detroit server. Only after the confirmation does not arrive would the Seattle server attempt to retry the sending operation. Users will not tolerate such lengthy delays, as it is almost easier to mail the document than fax it.
Intelligent LCR will detect the WAN link failure almost immediately (within minutes). Upon doing so, it will temporarily disable all dialing rules which would direct a fax to the downed server. All faxes are now processed as if the path to the downed server doesn’t exist. If alternate routes exist, those are automatically used according to weights and server loads. If no alternate routes exist, the local fax server sends the fax directly over regular phone lines. Users and administrators can rely on our philosophy that "the fax must go through."
Cascading Routes
With competing fax servers, setting up routes between three or more fax servers becomes tedious due the fact that these servers force the administrator to define routes for all possible combinations of servers. For example, in a five server system, there are ten combinations of routes which must be maintained as depicted in diagram A below.
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To avoid the problem of exponentially growing route combinations, Intelligent LCR uses cascading routes as shown in diagram B. That is, Intelligent LCR servers can re-route faxes which have been scheduled from remote servers. 
Example:
User Bob in Phoenix creates a fax to be sent to San Francisco. Server1 (Phoenix) may route the fax through Server2 (Los Angeles), but Server2 can reroute the fax through Server4 (San Francisco). Server1 does not know nor care that Server2 rerouted the fax through Server4. Because routes may cascade, an administrator of a five server system need only define/maintain four or five routes.
Load Balancing
Load balancing allows multiple servers to share workloads for outbound faxes. Intelligent LCR accomplished this money-saving feature by allowing the definition of multiple destination servers in the dialing plan and allowing more than one rule to match a number. This means that if the local server is busy (e.g. all its channels are currently sending or receiving faxes), it can route faxes to another, less busy server to be sent immediately. Because traditional LCR systems can match only one rule per number, there is no way to balance workloads. With simple LCR, overhead costs increase because more fax lines are required and server efficiency is decreased.
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Example:
In its simplest form, two dialing rules may be defined:
Rule #1 + Server1 (local server)
Rule #2 + Server2 (server in another department)
The first has a pattern of + so it matches all phone numbers. The first rule also has a destination of "Server1" (local server). The second rule also has a pattern of "+" so it too matches all phone numbers. However, the second rule specifies a destination of "Server2," Now, whenever a user sends a fax to any phone number, both rules match. 
When multiple rules match a phone number with equal weight, Intelligent LCR will direct the fax to the server with the most available phone lines. If both servers have all outbound fax lines in use, then the fax will be directed to the server that will have a free phone line in the shortest amount of time. For example, Server1 and Server 2 both have 10 outbound phone lines and all lines are busy. However, Server1 has 200 faxes in the queue where Server2 only has 10 faxes in the queue. Server2 will likely have an available phone line before Server1, so the server directs the fax to Server2.
Connection to Enhanced Fax Service Providers (EFSP)
Intelligent LCR offers the unique ability to route faxes to external service bureaus, also known as Enhanced Fax Service Providers (EFSP). Business such as FaxSav and Atlas Telecom offer high throughput, guarantees of delivery, high quality, and reduced costs as compared to the public switched telephone network. An EFSP can usually deliver thousands of faxes in a matter of minutes or hours because they have hundreds or thousands of fax ports in concurrent operation. 
Additionally, EFSPs have developed a large, global network. In many cases, their infrastructure extends to thousands of sites. Many companies rely on their services because it is not possible or feasible to have an internally owned and operated server in every country, state, or city to which they send faxes. EFSPs are able to offer a reasonable alternative to such businesses.
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Central Management
Multiple, physically separate servers can be difficult to manage. To alleviate this problem, Intelligent LCR provides administrative tools for Windows 95 and Windows NT workstations to allow an administrator to manage all fax servers from a central location. Communication can occur using IPX/SPX or TCP/IP protocol sets over the LAN, WAN, remote access link (RAS), or even the Internet. So, an administrator in Phoenix can configure and revise dialing plans for San Francisco, Seattle, and other servers without leaving his office. Changes to server configurations and dialing plans take affect almost immediately without stopping and restarting the fax server software. Competing fax servers require the server be cycled, causing severe interruptions in service.
Testing Tools
Such power LCR systems require intelligent diagnostic tools. Intelligent LCR provides several advanced tools to help you test the performance of your Enterprise server: Route Tracer, Server Ping, and Route Tester. These tools prove invaluable tools in building and maintaining the complex dialing system.
Route Tracer traces the path through which a fax might be sent, detailing:
each server a fax passes through;
which rules are being used;
how the phone number is manipulated along the way;
hop counts; and
hop timings. 
Route tracer helps the administrator test the dialing rules he has constructed with real fax numbers without actually sending a fax. This proves invaluable in diagnosing unexpected fax routes. 
Server Ping will test communications with a server over a particular protocol, times the round trip of such packets, and shows current server loads. 
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This feature helps the administrator determine the servers availability and perhaps redistribute workloads accordingly.
Rule Execution determines why a fax would or would not use each rule in a dialing plan. When multiple rules match a particular phone number, Rule Execution shows each one and the weight assigned to each match. This tool helps the administrator to determine why a particular number followed a particular rule and whether the rules need adjustment.
Show Downed Servers displays all rules which are currently disabled due to communication errors between servers. The error which caused the rule to be disabled is also displayed, allowing the administrator to easily diagnosis the problem.
 

Making Intelligent LCR Work for You
Now you know there’s more to LCR than just simple routing. Intelligent LCR offers the only comprehensive solution to your faxing needs. RightFAX Intelligent LCR, with its sophisticated pattern matching abilities, built-in cascading route structure, load balancing features and immediate error detection system, can make decisions that saves your business time and money. Administrator and users will appreciate the power and simplicity of its design. Management will appreciate the bottom line. You can’t afford to be without this technology. And only RightFAX Enterprise v5.0 fax server software includes Intelligent LCR. 
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About RightFAX Enterprise v5.0
RightFAX Enterprise v5.0 is not your typical fax server. It’s a highly integrated network application that offers more than just the ability to fax from a desktop computer – it streamlines the way your business communicates, saving manpower, time and money. 
Send faxes quickly and securely from virtually any platform, anywhere in the world. Route received faxes manually or automatically to individual fax mailboxes, or to e-mail or voice-mail applications. Whatever your needs, RightFAX has the answer. There are literally hundreds of options to help you tailor your system to meet the demands of the entire organization. We know there is more to business communications than just faxing, so we’ve made it easy to create universal access to all your messages.
Labor- and Money-Saving Benefits
RightFAX Enterprise v5.0 delivers the labor- and money-saving benefits crucial in today’s survival of the fittest environment. Unparalleled new features like Intelligent least cost routing and load balancing allow you to leverage your Internet or intranet to share resources with other RightFAX servers, while saving on long distance phone line charges. Other intuitive technologies like Native Document Conversion; integration with SMTP/POP3, Exchange, and Outlook e-mail clients; and remote access through the RightFAX Web Client help to increase employee productivity while reducing paper and printing resources. It’s technology you can’t afford to be without.
Killer Fax Server Technology
RightFAX, Inc. is celebrating 10 years of innovation. With more fax servers installed worldwide than anyone else, RightFAX has become the industry standard. RightFAX engineers created features that put RightFAX above the competition. While other products may claim to incorporate similar features, RightFAX defines and executes them on a level far above the rest. The maturity of our product is underscored by sophisticated features like:
Intelligent LCR, not just simple LCR
Natively Integrated Web Client, delivers full functionality through any browser
Server-based Optical Character Recognition, performs conversions centrally to improve productivity
Centralized native document conversion, available to all users accessing the server
True client/server architecture, maintains integrity of fax data no matter how you access it
And now, the release of RightFAX Enterprise v5.0 introduces the first fax server product specifically designed to meet the advanced needs of the enterprise market. It’s technology so advanced, it renders other fax servers obsolete. In short - it’s Killer Technology.
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