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Chapter 3 

Understanding and Problem Solving 
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Philosophy 

• Problem solving is a fundamental survival skill 

 

• The reason we learn is to be able to solve 

problems 

 

• To learn something deeply and meaningfully, you 

need to practice solving problems 

 

• Problem solving comes naturally!!! 

– We even use it for entertainment 
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What Do You Know? 

• Bloom’s Taxonomy: a system for measuring 
levels of understanding 
– 6 levels, low to high:  

• knowledge, comprehension, application, analysis, 
synthesis, evaluation 

• Why? 
– Used by (some) professors to design homework and 

test problems 

• What is the professor trying to get at with this 
problem? 

– For you to monitor your own understanding of a 
subject 

• A “lifelong learning” skill 

we will be offering Public Policy 

again in the Spring of 2014. 
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Blooms Taxonomy 



Logic Design:  Understanding and Problems Solving.5 Brockman, ND, 2007 

Knowledge: Recalling Facts 

• Can recall, but not necessarily explain 

• Keywords: 

who what  when  where 

• Examples: 

– What is the value of p? 

– State the Pythagorean theorem. 

– A liquid has a pH of 3.2.  Is it an acid or a base? 
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• Able to explain or translate from one form to 

another. 

– e.g. translating a word problem to an equation 

• Keywords:  

summarize explain state in your own words 

paraphrase classify give an example of 

• Examples: 

– The three sides of a triangle have lengths a, b, and c.  

If a2 + b2 – c2 = 0, which is the hypotenuse? 

– Give an engineering example that illustrates the 

expression, “an ounce of prevention is worth a pound 

of cure.” 

 

Comprehension: Understanding Meaning 
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Application: Using in New Situations 

• Typically demonstrated by using a concept 

learned in class to solve a problem 

• Presumes lower levels of understanding 

• Keywords: 

demonstrate show that find, given assumptions 

• Examples: 

– Given a right triangle with a hypotenuse of length 10 

and a width of 8, what is its height? 

– My car won’t start, why? 
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• Understand the relationships between the parts 

• A critical step in solving any complex problem 

• Keywords: 
break down contrast compare 

decompose why  what might cause 

• Examples: 
– Why do most computers today represent information 

with 1s and 0s? 

– My circuit is supposed to produce the sum of two 
numbers but it doesn’t.  Why? 

– What are the main differences between a JPEG and 
GIF file? 

Analysis: Breaking Down into Parts 
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• Not just putting pieces together, but doing so in an 
original way 

• Follows from analysis: break a problem down 
before synthesizing a solution 

• Keywords: 
create compose design  devise 

develop prove  plan  formulate 

Synthesis: Building a New Integrated Whole 
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Evaluation: Using Judgment to Make Decisions 

• More than just choosing—requires a synthesis 

and analysis of possible outcomes 

• Using judgment to make decisions 

• Keywords: 

judge optimize which is best 

decide defend what is most appropriate 

• Examples: 

– A friend told you that he has a copy of tomorrow’s 

exam.  What should you do? 

– What is your next move in a game of chess? 
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Exercise:  Which levels do these problems test? 

1. What is a “bit”? 

2. Convert the following binary number 1001011 to a 

decimal and hexadecimal number. 

3. Convert the decimal number 73 to a binary number 

using both the subtraction-based and division-based 

methods. 

4. How many bits are needed to represent the decimal 

number 1234 as a binary number? 

5. (Vahid 2.10c) Convert the following English problem 

statement to a Boolean equation: “An irrigation system 

should open the sprinkler’s water valve if the system is 

enabled and neither rain nor freezing temperatures are 

detected.” 
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Exercise: Which levels do these problems test? 

6. (Vahid 1.30) Suppose that decrypting a frame of video 
for a set-top box requires 3 tasks, A, B, and C.  The 
execution times for each task on a microprocessor 
versus a custom circuit are 100 ms vs.1 ms for A, 10 ms 
vs. 2 ms for B, and 15 ms vs.1 ms for C.  Partition the 
tasks between the microprocessor and custom circuitry 
to minimize the amount of custom circuitry, while 
meeting the constraint of decrypting at least 30 frames 
per second. 

7. A half-adder is a digital circuit that takes two 1-bit 
numbers as input and produces a 2-bit number as 
output.  Design a half adder using just AND, OR, and 
NOT gates.  Hint: design this as two circuits, one that 
calculates the least significant bit of the output and 
another that calculates the most significant bit. 
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Getting Good results from Your Learning Efforts 

• Get Ready to learn: be physically and mentally 

prepared. 

• Take stock of what you know. 

• Acknowledge misconceptions. 

• Beware of information overload! 

• Take notes on notes. 

• Use concept maps. 
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• Can apply this pattern to problems of all sizes 

– In school and beyond 

• Approach based on  

– Wankat (Chemical Engineering, Purdue) and Woods 

(McMaster University, Canada).   

– Suggested by Ed Maginn (Chemical Engineering, ND)  

• 7+1 steps: 

 

0. I can!  3. Plan  6. Generalize 

1. Define  4. Implement  7. Present results 

2. Explore 5. Check 

A Framework for Problem Solving 
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Step 0: I Can! 

• Have a positive attitude before you start 

• See problem solving as a challenge, not a drag 
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Step 1: Define 

• Identify the “knowns” 

• Identify the “unknowns” 

• State in simpler terms 

• Draw a picture 
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Step 2: Explore 

• A pre-planning step—take stock of what you 

have and what you might need 

• Does the problem make sense? 

• Do you need to make any assumptions? 

• What are the key concepts and possible 

approaches? 

• What level of understanding is being tested? 



Logic Design:  Understanding and Problems Solving.18 Brockman, ND, 2007 

Step 3: Plan 

• Find a path between here (initial state) and there (goal) 

• The most important step—novices often try to skip it with 

disastrous results 

• The step where you’re most likely to get stuck 

– We’ll discuss strategies for getting “unstuck” soon 

• Planning is messy 

– Lots of revision and backtracking 

– The neat solutions in many textbooks hide the tortuous path that 

the author might have followed 

• Requires advanced level of understanding 

– Breaking down (analyzing) a problem 

– Formulating (synthesizing) alternative plans 

– Evaluating which path to take 
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Step 3: Plan 
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Planning a Path Between Here and There 

• Booking flights from South Bend, IN to Monterey, CA 

– Work forward, work backward, or from the middle 
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Chaining Together a Solution 
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• divide and conquer 

• work forward  

• work backward  

• try a simpler problem  

• take a break 

Step 3: Plan 
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Step 3: Plan 
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Step 3: Plan 
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Step 3: Plan 
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Step 3: Plan 
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Step 4: Implement 

• Begins after planning 

• The step where you do the math 

• Goes much more smoothly if you follow a plan 

• Consider re-planning if implementation is not 

going smoothly 
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Step 5:  Check 

• Sanity check 

– Does the answer make sense?  (negative time?) 

– Checking units can be a big help 

• Test cases 

– Can you plug in values to get a known solution 

– Especially useful for checking digital circuits 
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Step 6:  Generalize 

• What did you learn from solving the problem? 

– Can you apply this to another situation? 

• In retrospect, could you have solved it more 

efficiently? 

• Are there any problems or bugs that you should 

remember in case you run into them again? 
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Step 7:  Present the Results 

• Show your work, but be concise 

• Give good directions, be convincing 

– Get good grades in school and win contracts at work 

• Be neat 

• Suggested outline: simplification of framework 

– Given 

– Find 

– Diagram 

– Plan 

– Analysis (implementation) 

– Comments 
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Example 

• How much CO2 does a typical car produce per 

year? 

– Suggested by Ed Maginn, Chemical Engineering, ND 
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Getting Unstuck 

• Heuristics: rules of thumb, learned by experience 

– Run through the list, alone or with a friend 

• Restate in simpler terms 

• Draw a picture 

• Related problem? 

• Work backwards/forwards 

• Divide and conquer 

• Unnecessary constraints? 

• Discuss 

• Try a scaled-down or 

simpler problem 

• Guess and check 

• Use an analogy 

• Change perspective 

• Do easy part first 

• Plug in numbers 

• Keep track of progress 

• Change representation 

• Listen to hunches 

• Take a break . . . 
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Write it Down and State in Simpler Terms 

• Example of multiplying a 4 and 2 digit number. 

 

• Package related information in chunks 

 

• Rewrite word problems symbolically or 

mathematically, if possible. 
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Draw a Picture 
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Draw a Picture 
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Do you know a related problem? 
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Do you know a related problem? 
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Work Backwards 
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Work Backwards 
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Top Down or Bottom Up 
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Divide and Conquer 
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Divide and Conquer 
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Divide and Conquer 
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Divide and 

Conquer 
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Check for Unnecessary Constraints 
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Discuss  

• Discuss the problem with other people. 

 

• Sometimes just describing the problem gives you 

new insights. 

 

• When discussing problems be sure to listen 

carefully for ideas. 
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Solve a Scaled-Down Version of the Problem 
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Try Solving a Similar but Related Problem 
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Try Solving a Similar but Related Problem 
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Use Models 
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Guess and Check 
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Guess and Check 
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Use and Analogy 

Water flow is often used as an analogy to describe the 

flow of current in an electrical circuit. 
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Change Your Perspective 
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Also, 

• Look at the big picture (especially if stuck on a 

small detail, is it really important?). 

• Do the easy parts first (more manageable). 

• Plug in the numbers (can concrete up a problem). 

• Keep track of progress (a to-do list). 

• Change the representation. 

• Re-plan (often the plan is not good). 

• Pat attention to hunches (gut-feeling). 

• Take a break (this works for me). 

 


