Two Special Boundary Tests Inspired by Bridge Disasters
Resonant Frequency Boundaries and Tacoma Narrows

The Tacoma Narrows Bridge collapsed in 1940.  Locals called the Tacoma Narrows Bridge Galloping Girtie.  Galloping Girties would sway and gyrate during normal operations.  The local wind conditions were a nominal 42 miles per hour.  Galloping Girtie started to oscillate.  The gyrations continued to get slightly larger until the bridge collapsed.  Indeed the entire collapse was captured on film by a resourceful local camera man.

Structural engineers studied the design and tried to determine what the real cause of the failure was.  Finally conclusive evidence was presented to demonstrate that the pattern of oscillation caused by the wind conditions hit a critical point leading to the failure.  The critical boundary was not the strength of the wind but the oscillation and pattern of the wind.  The bridge has a critical resonant frequency.  If a loads pattern matched the critical frequency the bridge structure would become unstable.
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In software testing I use the notion of Frequency domain boundaries to help me find limits of a system based on the pattern and frequency of transactions not just the number of concurrent patterns.  Stress testing experiments can be used to determine if the behavior of a system will be stable given different distribution patterns.  The load on a real system can be considered as a combination of many different component loads each operating at different frequencies.  Varying the frequency patterns of load being generated can help me understand the frequency response of the system.  I often can identify boundaries in the frequency domain!  Is there a critical frequency in which the system behavior will change and become non-linear?


Scalability Boundaries and Tacoma Narrows Quebec City Bridge
In 1907 the Quebec City Bridge collapsed during construction taking the lives of 75 workers.
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In 1916 during reconstruction of a second version of the bridge 11 workers were killed.

In 1919 the third version of the bridge was opened.  With a center span of 549 meters (1800 feet) it remains the world’s longest cantilevered bridge considered a major engineering feat
Canadian Professional Engineers wear an Iron Ring symbolically made from the materials of the Quebec City Bridge as a constant reminder of the social responsibilities inherent in engineering.  Often I wonder whether testers should have the same sort of constant reminder of their responsibilities to consumers and people directly or indirectly influenced by the software being developed.

The problem with the Quebec City Bridge was a matter of scalability.  How wide a span could be crossed with a cantilever bridge?  The Quebec City Bridge failed in 1907 and 1916 because the design was being extended beyond was physically possible.  Metal properties and construction techniques failed on wider bridges.  The message to software projects is simple.  We cannot assume the by merely adding hardware resources to a system that it will be able to handle more capacity.

The boundary of scalability relates to just how far one can push an existing design to handle more load.  At a certain point adding memory or CPU capacity does not linearly increase capacity.  A rich as complex part of performance testing is to project how far a current design can handle additional load and capacity.  It is important to understand several boundaries related to scale.  How many users can the current design handle? At what point does adding hardware fail to increase or improve capacity?  Stress and load testing experiments done in collaboration with the development team helps us to better understand these boundaries.
I have often suggested that there are terrible project risks if boundaries related to scalability have not been explored during development and system testing.



Some Other Cool Boundaries
I run into boundaries in many aspects of software engineering projects.  Here is a list of some unlikely boundaries that have turned out to be quite important!

The limits of Authority

Tests designed to ensure transactions take place within the limits dictated by the transaction user or owner.  Different limits exist for different people at different times.  
The limits of Patience
Just how long will a user wait for a system to respond.  Zona Research published reports indicating that users would not tolerate consistent delays of longer than between 8-12 seconds to process online transactions.  I personally will wait a great deal longer if the system has by credit card number and a great deal shorter if I can go to many other sources for the same information.  It is important to explore and discover what typical response times are and what user reactions to different response times are.  Experiments in usability can help to understand these important boundaries.  If users balk they may be taking business elsewhere and thus the limit of a user’s patience could me the difference between commercial success and failure!

Visual Acuity – Look Alike
Two points appear to be at the same location depending on visual acuity.  What is the farthest distance two points can be separated by to appear to be at the same spot.  Acuity is a critical element of vision and shows up in areas of graphical user interface design, human computer interaction and image signal processing.
Boundary questions related to visualizing are worth exploring.  Do two objects look alike?  How similar are they?  How different are they?  How close should they look alike to be considered the same?

A cool example of visual acuity showed up on an important medical knowledge base project I was responsible for.  We had to capture and store information from Doctors during the patient encounter for clinical notes and medical diagnostic support.  We were concerned with the relationship between data entered during the clinical encounter and information from the patient history and possible interactions with drugs and symptoms.  We had to correctly encode the color to human sputum.  What color is the spit?  Should it be identified as green, red, brown or yellow?  What is the shade?  What is the texture?  An incorrect designation could make the difference between identify cancer or a common cold.  At what point are two colors the same?  At what point are they different?  Should be consider hue, saturation and lightness scale (HLS) or percentage Red, Green and Blue (RGB)?

Phonetic Equivalence – Sound Alike
Two sounds appear the same.  How different do two sounds have to be to be considered different.  Boundaries related to phonetic equivalence have been an important part of phonetic searching in which we search for strings that sound alike.  In the domain of speech processing phonetic equivalence is critical to understand the range of values in which two sounds are considered the same.  How different should sounds be to be considered different?  How similar should sounds be to be considered the same?  Exploring and discovering these boundaries are critical project success factors.
Security – How Safe is it?
Just how long would it take for a hacker to break into or pirate a piece of software?  In security testing ethical hackers are after used in controlled experiment to see exactly how long it would take to break in without in-depth knowledge from an external point.  What are reasonable time limits?  What are the actual limits?  How do we determine them?
I was shocked to discover that on a software piracy protection project we established a goal of 5 days.  Our goal was that a hacker with commonly available tools could not pirate software to the point of having it running on an unauthorized system in less time.  We did the experiment, with confidence that a hacker would need much more time!  We were fooled.  The actual boundary was about 3 hours.  The ethical hacker broke in quickly using the simplest tools and techniques.
Security testing offers many venues to explore discover and challenge boundaries of comfort, safety and responsibility.

Inter Transaction Delays and Pauses
Just how long must I wait between typing in characters?  What is the minimum intercharacter gap?  How long will the system wait for me to type in the next character of a string?  How does the system react to short delays between transactions?  How does system react to long delays between transactions?  What are the extreme values or delays and pauses for data and messages!  How long do we wait for a system to time out?  Can we distinguish time out due to load from time out due to failures?  I find it important to explore and discover the extrema of delays, pauses and other event related timing attributes.
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