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Algorithm	Development

Example	1:		Rock-Paper-Scissors
• Rock	beats	Scissors,	Scissors	beats	Paper,	Paper	Beats	Rock

IDEA:
If( Player1 == “Rock” and Player2 == “Rock”)

Winner = None

Else If( Player1 == “Rock” and Player2 == “Paper”)
Winner = Player2

Else If( Player1 == “Rock” and Player2 == “Scissors”)
Winner = Player1

…

9	
cases



Algorithm	Development - Refinement

Example	1:		Rock-Paper-Scissors
• Rock	beats	Scissors,	Scissors	beats	Paper,	Paper	Beats	Rock

IDEA	2:
If( Player1 == Player2 )

Winner = None

Else If( Player1 == “Rock” and Player2 == “Paper”)
Winner = Player2

Else If( Player1 == “Rock” and Player2 == “Scissors”)
Winner = Player1

…

9	
cases

3
cases



Algorithm	Development - Further	Refinement

Example	1:		Rock-Paper-Scissors
• Rock	beats	Scissors,	Scissors	beats	Paper,	Paper	Beats	Rock

IDEA	3: Set	Rock=1,	Paper=2,	Scissors=3
1	beats	3,	3	beats	2,	2	Beats	1

1 2 3

1 -- L W

2 W -- L

3 L W --



Algorithm	Development - Further	Refinement

Example	1:		Rock-Paper-Scissors
• Rock	beats	Scissors,	Scissors	beats	Paper,	Paper	Beats	Rock

IDEA	3: Set	Rock=1,	Paper=2,	Scissors=3
1	beats	3,	3	beats	2,	2	Beats	1

if( Player1 > Player2 ) Player1 wins ??
(elsePlayer2 wins)

1 2 3

1 -- L W

2 W -- L

3 L W --

only	true	in	2	out	of	3	remaining	cases	
where	Player1>Player2.		And	2	out	of	3	of	
the	other	cases.	

NO:	



1 2 3

1 -- -1 -2

2 1 -- -1

3 2 1 --

Algorithm	Development - Further	Refinement
Example	1:		Rock-Paper-Scissors
• Rock	beats	Scissors,	Scissors	beats	Paper,	Paper	Beats	Rock

Set	Rock=1,	Paper=2,	Scissors=3
1	beats	3,	3	beats	2,	2	Beats	1

IDEA	3: if( Player1 > Player2 ) Player1 wins ??

NO:		only	true	in	4	out	of	6	remaining	cases.

IDEA	4: if( Player1 - Player2 == 1
OR

Player1 - Player2 == -2 )

Player1 wins ??

OK:		works	in	all	6	remaining	cases.



Algorithm	Development - Further	Refinement

Example	1:		Rock-Paper-Scissors
• Rock	beats	Scissors,	Scissors	beats	Paper,	Paper	Beats	Rock

Set	Rock=1,	Paper=2,	Scissors=3
1	beats	3,	3	beats	2,	2	Beats	1

IDEA	5: Modular	Arithmetic:
if( (Player1 - Player2) mod 3 == 1 )                e
Player1 wins ??
-2	mod	3	==	1,
-1	mod	3	==	2,	
0	mod	3	==	0,
1	mod	3	==	1,
2	mod	3	==	2,	…

1 2 3

1 -- -1 -2

2 1 -- -1

3 2 1 --

i.e.,		Player1	– Player2	==	1	
OR	

Player1	– Player2	==	-2



More	Complex	Algorithm

Example	2:		Rock-Paper-Scissors-Spock-Lizard

• Rock	=	1
• Paper	=	2
• Scissors	=	3
• Spock	=	4
• Lizard	=	5

http://www.samkass.com/theories/RPSSL.html

1 2 3 4 5

1 -- L W L W

2 W -- L W L

3 L W -- L W

4 W L W -- L

5 L W L W --



More	Complex	Algorithm

Example	2:		Rock-Paper-Scissors-Spock-Lizard

• Rock	=	1
• Paper	=	2
• Scissors	=	3
• Spock	=	4
• Lizard	=	5

1 2 3 4 5

1 -- L W L W

2 W -- L W L

3 L W -- L W

4 W L W -- L

5 L W L W --

Player1	– Player2

1 2 3 4 5

1 0 -1 -2 -3 -4

2 1 0 -1 -2 -3

3 2 1 0 -1 -2

4 3 2 1 0 -1

5 4 3 2 1 0



1 2 3 4 5

1 0 4 3 2 1

2 1 0 4 3 2

3 2 1 0 4 3

4 3 2 1 0 4

5 4 3 2 1 0

1 2 3 4 5

1 0 4 3 2 1

2 1 0 4 3 2

3 2 1 0 4 3

4 3 2 1 0 4

5 4 3 2 1 0

More	Complex	Algorithm

Example	2:		Rock-Paper-Scissors-Spock-Lizard

• Rock	=	1
• Paper	=	2
• Scissors	=	3
• Spock	=	4
• Lizard	=	5

Player1	– Player2

1 2 3 4 5

1 0 -1 -2 -3 -4

2 1 0 -1 -2 -3

3 2 1 0 -1 -2

4 3 2 1 0 -1

5 4 3 2 1 0

(Player1	– Player2)	mod	5

if( (Player1 - Player2) mod 5 == 1  OR (Player1 - Player2) mod 5 == 3 )  
Player1 wins



1 2 3 4 5

1 0 4 3 2 1

2 1 0 4 3 2

3 2 1 0 4 3

4 3 2 1 0 4

5 4 3 2 1 0

More	Complex	Algorithm

Example	2:		Rock-Paper-Scissors-Spock-Lizard

• Rock	=	1
• Paper	=	2
• Scissors	=	3
• Spock	=	4
• Lizard	=	5

(Player1	– Player2)	mod	5 if( (Player1 - Player2) mod 5 == 1
OR 

(Player1 - Player2) mod 5 == 3 )

Player1 wins

if( (Player1 - Player2) mod 5 
IS ODD )

Player1 wins



1 2 3 4 5

1 0 4 3 2 1

2 1 0 4 3 2

3 2 1 0 4 3

4 3 2 1 0 4

5 4 3 2 1 0

More	Complex	Algorithm

Example	2:		Rock-Paper-Scissors-Spock-Lizard

• Rock	=	1
• Paper	=	2
• Scissors	=	3
• Spock	=	4
• Lizard	=	5

(Player1	– Player2)	mod	5 if( (Player1 - Player2) mod 5 == 1
OR 

(Player1 - Player2) mod 5 == 3 )

Player1 wins

if( (Player1 - Player2) mod 5 
IS ODD )

Player1 wins

N is ODD  if N mod 2 == 1
N is EVEN if N mod 2 == 0



1 2 3 4 5

1 0 4 3 2 1

2 1 0 4 3 2

3 2 1 0 4 3

4 3 2 1 0 4

5 4 3 2 1 0

More	Complex	Algorithm

Example	2:		Rock-Paper-Scissors-Spock-Lizard

• Rock	=	1
• Paper	=	2
• Scissors	=	3
• Spock	=	4
• Lizard	=	5

(Player1	– Player2)	mod	5 if( (Player1 - Player2) mod 5 == 1
OR 

(Player1 - Player2) mod 5 == 3 )

Player1 wins

if( (Player1 - Player2) mod 5 
IS ODD )

Player1 wins

if( ((Player1 - Player2) mod 5) mod 2 == 1 )
Player1 wins

N is ODD  if N mod 2 == 1
N is EVEN if N mod 2 == 0



Moral	of	the	Story

• Sometimes,	mathematical	insights	can	be	used	to
• Develop	algorithms
(For	instance,	RSA	Algorithm	is	based	on	the	fact	that	for	certain	values	of	
(N,e,d),	Med mod	N	=	M	for	any	message	M)
• Simplify	calculations
(in	this	example,	conditions	checking	25	possible	combinations	of	values	can	
be	boiled	down	to	2	conditions:
If (Player1 = Player 2) TIE GAME
Else if ((Player1 - Player 2) mod 5) mod 2) == 1) 

PLAYER1 WINS
Else PLAYER2 WINS



Moral	of	the	Story,	continued

• Abstraction:
• Find	a	way	to	generalizean	answer	to	a	specific	problem,	by	finding	an	
answer	to	a	more	general	problem.

This	same	set	of	conditions	work	for	both	the	N=3	and	N=5	case:

If (Player1 = Player 2) TIE GAME
Else if ((Player1 - Player 2) mod N) mod 2) == 1) 

PLAYER1 WINS
Else PLAYER2 WINS


