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Polynomial Time
P = {problems solvable in polynomial t ime O(Nk)}

Non- Deterministic Polynomial Time
NP = {problems verif iable in polynomial t ime}

Polynomial Space
PSPACE = {problems solvable in polynomial space}

Exponential Time

EXP = {problems solvable in exponent ial t ime O(2N?)}

Recursive Languages
R = {problems solvable by a Turing machine in f inite t ime}

Hardness
X- Hard = {problems as hard as every problem in X}

Completeness
X- Complete = {problems in X and X- Hard}
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By t he t ime hierarchy t heorem w e know  t hat  P is st r ict ly cont ained w it hin 
EXP, or , view ing t he diagram as a number  l ine, t hat  a < d.

M any assume t hat  a < b and b < c and c < d but  w e aren't  cer t ain about  any 
o f  t hose. W e only know  t hat  a ? b ? c ? d and a < d. I t  could be t he case t hat  
a = b = c, and t hus P = N P = PSPACE.

I f  you can show  t hat  eit her  a = b or  (more l ikely) a ? b t hen you w il l  have 
so lved t he biggest  unso lved problem in comput er  science and t he Clay 
Inst it ut e w il l  aw ard you $1 ,0 0 0 ,0 0 0 . You w il l  have so lved P vs. N P.

A perhaps discouraging f act  is t hat  most  problems are not  even in R, t hat  
is, most  problems are uncomput able.

This is because a decision problem maps al l  input s t o  a yes or  no, result ing 
in a pow erset  over  t he input s. By Cant or 's t heorem t hat  w il l  have great er  
cardinal it y t han t he set  o f  al l  possible algor it hms because an algor it hm is 
just  a program, i.e. st r ing, w hich can be encoded as a nat ural number .

Thankf ul ly, most  o f  t he problems w e care about  are w it hin EXP or  even P.

There are inf init e hierarchies o f  complexit y classes not  show n here, e.g. 
2 EXP, 3 EXP, . . . Indeed t here's a w hole complexit y zoo: complexit yzoo.net

https://youtu.be/7d73E1DiH0w
https://complexityzoo.net
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