
Big - Omega 't Big -Theta



Big - 0h Gives Upper Bounds

For fig functions → Rt
,

f- (n) = 0 (gin)) meant there are ↳no >os.t.tn
> no fin E c.g (n)

E- . f- is asymptotically bounded from above by G
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or . f-
grows asymptotically no faster than g.



Big - Omega Gives Analogous Lower Bounds

For fig functions → Rt
,

f- (n) =R(gin)) meant there are ↳no >os.t.tn
> no fin > c.gin)

E- f- is asymptotically bounded from below by G

£7
y . .

.

② c. g wemayh⑥of c ⇐ I

n

-
Ho

or . f-
grows asymptotically at least as fast as g.



Big-Oh & Big - Omega areDuals

Eat : f- (n) = hcg (D) ⇐ g (a) = Off in)

P£ : f- in)=h(gin) ⇒] no , c' >os.tn > no ⇒ fin > d. gln)
⇐ 7 no

,
I>os.tn > Do ⇒ Eg (n) s fin)

⇒ ] no , c> os.tv n
> no ⇒ gln) I C. f-(n) ✗ letting C = I,

⇐ gin) = OC1-1ND /

So : f grows at least as fast as g
⇐ g grows

at most as fast as f.



Examples : Worst-case Times

Operation 04114) 04ognlhlh.gr) 0h1mn) Olnlogn)A(nlogn)
• stack push/pop ✓ ✓ ✓ ✗ ✓ ✗ ✓ ✗

' enque.ve/dequeue ✓ ✓ ✓ ✗ ✓ ✗ ✓ ✗

• heap insert × ✓ ✓ ✓ ✓ ✗ ✓ ✗

or extract mine
• AVL- tree find

,
✗ ✓ ✓ ✓ ✓ ✗ ✓ ✗

insert
>
remove

• make-heap ✗ ✓ ✗ ✓ ✓ ✓ ✓ ✗

• BST find
,

× ✓ ✗ ✓ ✓ ✓ ✓ ✗

insert remove

• Sorting ✗ ✓ ✗ ✓ ✗ ✓ ✓ ?
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Big -Theta Expresses
"

Tight Bounds
"

For fig functions → Rt
,

f- (n) = ① (gin)) meant there are G.cz , no> o st .

n> no ⇒ G-gcn) I f-In) E Cigcn)

E- . f- is asymptotically bounded from above and below by g

G-G 7
g. •

•

it
-
Éi

"

n

- Ho

or . f-
grows asymptotically the same as g.



"
Grows the same as

"

is symmetric

Fact : fin) = 0-(91^7) ⇐ glnl = Off in)

ie
,
f
grows the same as g

⇐ g grows the same as f.

If: fln) = -01g In))
⇐> Act,c2 ,no >os.tt/n > no c.1.gH ← f-IN fc2.gln)
⇐ 74 .cz

,
no > os.t.vn >no I2F-1NE gas EÉfH

So : ⇒ 79.4
,
no > o s. t.tn >no ↳for ← glad I C4 flu)

⇐ gln) = ②( fin)/



End


