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Algorithms

Informal definition 
 
An algorithm is the specification of a 
sequence of instructions to be carried out by 
a processor. 



Examples

musical score



recipe



assembly instructions



Origami



instructions for dialling telephone



computer program



Music SCORE



Recipe: 
“Gâteau aux Carottes à Johanne”

Instructions  
 
Chauffer le four à 450 F  
Beurrer 2 plats de 9 pouces  
Dans un grand bol battre le sucre, huile, oeufs et vanille.  
Dans un autre bol mélanger farine, soda à pâte, épices et sel  
Réunir le tout, ajouter les ananas, carottes et raisins  
Placer dans les moules, cuire pendant 40 minutes.  
Préparer le glaçage  
Laisser refroidir gâteau avant de glacer.





Assembly Instruction

LEGO (RoboArm (Machine)) instructions



Origami



Dialling Instructions



Computer Program

C program



Computer Science 

Computer Science is the study of algorithms 
for computing machines.



(Formal) Definition of an Algorithm 
 
A well-ordered collection of unambiguous 
effectively computable operations that when 
executed produces a result and halts in a 
finite amount of time.



What distinguishes 
computer algorithms ?

Instructions are executed very fast



Little or no human interaction is possible



Algorithm must be fully specified before 
execution



Algorithm must be unambiguously specified



Example: from decimal 
representation to integer

input Dn Dn-1 ... D0    (where each Di is 0≤Di≤9)  
val:=0 
pw:=1  
for i:=0 to n do 
  val:=val+pw*Di 

  pw:=pw*10 
output val          (val is the integer whose 
                       decimal representation  
                       is DnDn-1...D0)



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=val+pw*Di ⊢ val:=0+1*D0 ⊢ val:=0+1*1 ⊢ val:=1  
       pw:=pw*10 ⊢ pw:=10  
  i=1: val:=val+pw*Di ⊢ val:=1+10*D1 ⊢ val:=1+10*9 ⊢ val:=91  
       pw:=pw*10 ⊢ pw:=100  
  i=2: val:=val+pw*Di ⊢ val:=91+100*D2 ⊢ val:=91+100*5 ⊢ val:=591 
       pw:=pw*10 ⊢ pw:=1000  
  i=3: val:=val+pw*Di ⊢ val:=591+1000*D3 ⊢ val:=591+1000*5 ⊢ val:=5591  
       pw:=pw*10 ⊢ pw:=10000  
output val (= 5591)

D D D D val pw i

5 5 9 1



Example

input 5 5 9 1 (= D3 D2 D1 D0) 

D D D D val pw i

5 5 9 1



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0

D D D D val pw i

5 5 9 1 0



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1

D D D D val pw i

5 5 9 1 0 1



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do

D D D D val pw i

5 5 9 1 0 1 0



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=val+pw*Di

D D D D val pw i

5 5 9 1 0 1 0



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=val+pw*Di ⊢ val:=0+1*D0

D D D D val pw i

5 5 9 1 0 1 0



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=val+pw*Di ⊢ val:=0+1*D0 ⊢ val:=0+1*1 

D D D D val pw i

5 5 9 1 0 1 0



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=val+pw*Di ⊢ val:=0+1*D0 ⊢ val:=0+1*1 ⊢ val:=1  

D D D D val pw i

5 5 9 1 0 1 0



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  

D D D D val pw i

5 5 9 1 1 1 0



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=pw*10 

D D D D val pw i

5 5 9 1 1 1 0



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=pw*10 ⊢ pw:=10

D D D D val pw i

5 5 9 1 1 1 0



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10

D D D D val pw i

5 5 9 1 1 10 0



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=val+pw*Di 

D D D D val pw i

5 5 9 1 1 10 1



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=val+pw*Di ⊢ val:=1+10*D1 

D D D D val pw i

5 5 9 1 1 10 1



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=val+pw*Di ⊢ val:=1+10*D1 ⊢ val:=1+10*9 

D D D D val pw i

5 5 9 1 1 10 1



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=val+pw*Di ⊢ val:=1+10*D1 ⊢ val:=1+10*9 ⊢ val:=91

D D D D val pw i

5 5 9 1 1 10 1



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91

D D D D val pw i

5 5 9 1 91 10 1



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=pw*10 

D D D D val pw i

5 5 9 1 91 10 1



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=pw*10 ⊢ pw:=100

D D D D val pw i

5 5 9 1 91 10 1



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100

D D D D val pw i

5 5 9 1 91 100 1



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=val+pw*Di 

D D D D val pw i

5 5 9 1 91 100 2



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=val+pw*Di ⊢ val:=91+100*D2 

D D D D val pw i

5 5 9 1 91 100 2



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=val+pw*Di ⊢ val:=91+100*D2 ⊢ val:=91+100*5 

D D D D val pw i

5 5 9 1 91 100 2



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=val+pw*Di ⊢ val:=91+100*D2 ⊢ val:=91+100*5 ⊢ val:=591

D D D D val pw i

5 5 9 1 91 100 2



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=591

D D D D val pw i

5 5 9 1 591 100 2



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=591 
       pw:=pw*10 

D D D D val pw i

5 5 9 1 591 100 2



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=591 
       pw:=pw*10 ⊢ pw:=1000  

D D D D val pw i

5 5 9 1 591 100 2



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=591 
       pw:=1000  

D D D D val pw i

5 5 9 1 591 1000 2



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=591 
       pw:=1000  
  i=3: val:=val+pw*Di 

D D D D val pw i

5 5 9 1 591 1000 3



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=591 
       pw:=1000  
  i=3: val:=val+pw*Di ⊢ val:=591+1000*D3 

D D D D val pw i

5 5 9 1 591 1000 3



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=591 
       pw:=1000  
  i=3: val:=val+pw*Di ⊢ val:=591+1000*D3 ⊢ val:=591+1000*5 

D D D D val pw i

5 5 9 1 591 1000 3



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=591 
       pw:=1000  
  i=3: val:=val+pw*Di ⊢ val:=591+1000*D3 ⊢ val:=591+1000*5 ⊢ val:=5591  

D D D D val pw i

5 5 9 1 591 1000 3



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=591 
       pw:=1000  
  i=3: val:=5591 

D D D D val pw i

5 5 9 1 5591 1000 3



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=591 
       pw:=1000  
  i=3: val:=5591 
       pw:=pw*10 

D D D D val pw i

5 5 9 1 5591 1000 3



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=591 
       pw:=1000  
  i=3: val:=5591 
       pw:=pw*10 ⊢ pw:=10000

D D D D val pw i

5 5 9 1 5591 1000 3



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=591 
       pw:=1000  
  i=3: val:=5591 
       pw:=10000

D D D D val pw i

5 5 9 1 5591 10000 3



Example

input 5 5 9 1 (= D3 D2 D1 D0) 
val:=0 
pw:=1  
for i:=0 to 3 do 
  i=0: val:=1  
       pw:=10  
  i=1: val:=91  
       pw:=100  
  i=2: val:=591 
       pw:=1000  
  i=3: val:=5591 
       pw:=10000  
output val (= 5591)

D D D D val pw i

5 5 9 1 5591 10000 3




