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Developing Algorithms

Strategies – 

• realize your problem is another well-known problem in 
disguise
– it is searching or sorting
– there’s a data structure for that
– it is a graph problem

• develop a new algorithm
– control-flow paradigms: iterative, recursive
– solution-construction paradigms: decomposition, series of 

choices
– design paradigms: divide-and-conquer, greedy, backtracking + 

branch-and-bound, dynamic programming
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How to Design Algorithms

• establish the problem

• identify avenues of attack

• define the algorithm

• show termination and correctness

• determine efficiency
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How to Design Algorithms
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How to Design Algorithms
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How to Design Algorithms
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Control Flow Paradigms

Iterative algorithms proceed forward towards the solution 
one step at a time.

– repetition through loops

Recursive algorithms have friends solve smaller instances 
of the same problem (subproblems).

– repetition through recursion
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How to Design Iterative Algorithms

• establish the problem

• identify avenues of attack

• define the algorithm

• show termination and correctness

• determine efficiency

CPSC 327: Data Structures and Algorithms  •  Spring 2026 50

• task
– given n people and, for each person, up to d other people they don’t want to work with, 

divide the people into d+1 groups so that everyone is in exactly one group and no one 
is in a group with someone they don’t want to work with

• input
– n people
– for each person, the up to d other people they don’t want to work with

• output
– membership of d+1 groups
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Common Iterative Patterns

Iterative algorithms can be characterized by the main focus 
of the loop – 

• process input
– go through the collection of input items one at a time

• produce output
– produce the collection of output items one at a time
– build up the output one bit at a time

• narrow the search space
– repeatedly eliminate items that aren’t the one you are looking for
– repeatedly eliminate solutions that aren’t the one you want

– must be able to eliminate things without looking at them directly
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• input
– n people

– for each person, the up to d other 
people they don’t want to work with

• output
– membership of d+1 groups

• process input
– collection of people – for each person, assign them a group

• produce output
– collection of groups – for each group, determine who is in it

• narrow the search space
– not applicable – not a search problem
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How to Design Iterative Algorithms
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• main steps

– incorporate the next input item into the solution to obtain a 
solution for one more element

– for each element, process it

– for each person, put them into a group

– for each person, put them into a group not containing someone 
they don’t want to work with

– produce the next output item

– for each group, add people to that group as long as there isn’t 
anyone in the group that they don’t want to work with

CPSC 327: Data Structures and Algorithms  •  Spring 2026 55

• exit condition – the loop ends when

– all of the input items have been processed

– when all of the output items have been produced

– when every person has been added to a group

– when everyone has been assigned to a legal group

– when no one else can be added to the current group

– when all of the groups are full

– when d+1 groups have been formed
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• main steps
– for each person, put them into a group not containing someone 

they don’t want to work with
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How to Design Iterative Algorithms
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• exit condition
– when every person has been added to a group

• measure of progress

– something to count the number of people added to groups

– the number of elements considered

– the number of elements left to consider

– number of input items processed

– number of output items processed

– number of groups that have been filled

– number of people that have been assigned to a group

– number of people not yet assigned to a group
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How to Design Iterative Algorithms
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Loop Invariants

• a loop invariant is a statement about the program state 
that is true every time the loop condition is checked

– it is true before the first iteration
– it remains true after every iteration
– it helps explain why the algorithm works

• showing that the loop invariant is true when the loop exits helps us 
establish that the overall algorithm is correct

• a good loop invariant is
– strong enough to help prove the final correctness of the 

algorithm
– about correct progress – it address the portion of the problem 

that has already been solved
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How to Design Iterative Algorithms

• common forms
– the first k elements satisfy some property
– a variable stores the correct result for the elements processed so 
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• loop invariant
– the first k people have been assigned to groups

– the first k people have been assigned to groups so that no one is 
in a group with someone they don’t want to work with

– there are at most d+1 groups

– the first k people have been assigned to groups so that no one is 
in a group with someone they don’t want to work with and there 
are at most d+1 groups

– have a correct solution for the first k input items

– haven’t gone wrong yet

– have produced the first k items of the output

– the first k groups have been assigned people

– the first k groups have been assigned people without anyone 
being in a group with someone they don’t want to work with


