Algorithm Design
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Algorithm Design

What we will cover

1 = Computational thinking
2 | Algorithms

3 | Pseudocode constructs
4 | Notations & refinement

5 | Logic statements

6 = Recap

Computational thinking
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L Computational thinking

Abstraction

Abstraction #f5: keeps the essential features and drops the irrelevant detail. A metro

map keeps the stations and lines, not the geography.

real geography metro map

abstraction

> O—0O—0O0—0—0

keep stations + lines, drop the geography
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Decomposition

[ [ | Decomposition 4yfi% breaks a
Record Record Produce big problem into smaller

sales deliveries reports sub-problems, each easy to solve.
[ Each module becomes a

[ [ | procedure i F2 or function.
Look up Decrease Save the

product | |stock count| |transaction
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L Computational thinking

Algorithms and the identifier table

Name Type Description
An algorithm % is a sequence of steps
.g .%% 9 L . .p ItemCost REAL cost
that is unambiguous, deterministic, finite 2
. InStock  BOOLEAN in stock?
and effective. It says what to do — netoc i stoc
SaleDate DATE sold on

independent of the language.
An identifier table $7T§'L,D\fv'f§% names every
variable first.




Pseudocode
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The three basic constructs

m sequence [[iiF — one step after another
m selection %% — IF/ELSE, CASE
m iteration /¢ — FOR, WHILE, REPEAT

sequence selection iteration
v
step B yes
+ A A
step C do X doY body
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Pseudocode operations

m assignment: x < 5

= DIV (integer ), MOD (remainder)

éngﬁ-}} izdi?tEHEN m WHILE tests before; REPEAT tests
ELSE after

OUTPUT "Minor" .. .

ENDIF m & joins strings

(concatenation #i)
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Worked example: trace the algorithm

i|iMOD 2 | x

x < 0
FOR i < 1 TO 5 - - 0
IF i MOD 2 = O THEN 1 1 0
X ¢ x + 1
ENDIF 2 0 2
NEXT i 3 1 2
OUTPUT x 4 0 6
5 1 6
What is the output? output: 6

Fill the trace table if =35 row by row — never run the whole loop in your head.
Only even i (2 and 4) change x.

Notations and refinement
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L Notations and refinement

Three notations

[total < 0, count 0] One algorithm, three ways:
INPUT+value m structured English 45#4{) 215 —
high-level

‘total < total + value, count < count + 1 ‘

average < total/n

m flowchart 72 [& — standard shapes

m pseudocode {4175 — closest to code

Each IF = a diamond; each loop = a
back-arrow.
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Stepwise refinement

Stepwise refinement %435k 15 starts
with a high-level outline and expands
each step until it can be coded.
“Compute the average” — a loop that

INPUT n
total = 0

FOR i =1T0n
INPUT value

Level 1
Read in the numbers
Compute the average
Output the average

refine each step

total = total + value
NEXT i
average = total / n
OUTPUT average

sums, then divides by n.
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Logic statements

A Boolean 73/ condition controls
branching. Precedence {i:5:%f;: NOT

> AND > OR.
C:‘OTAIT\TSSﬁrSt' [ ] Wl’ite a)= 10Ra-=2 (not a =
" 1 0R 2

m De Morgan EERERE: NOT (A
AND B) = (NOT A) OR (NOT
B)
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Topic 9 — key takeaways

o Thinking e Constructs

abstraction keeps essentials; sequence, selection, iteration
decomposition splits

e Notations o Logic

structured English, flowchart, NOT > AND > OR; De Morgan
pseudocode
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Check yourself

Which technique drops irrelevant detail?

start
Which loop always runs at least once? v

Flowchart shape for a decision?

stop

Simplify NOT (A AND B).

Answers 1. abstraction 2. REPEAT...UNTIL 3. adiamond 4. (NOT A) OR (NOT
B)




