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Recopy
- HW due Friday
- One more HW after break

then projects
- Sub on Mon

.

*Wed .

after break (?)



Runtime (Basic heaps)
Get min : OG)

EeEEnn3oE§÷
( but faster than Bst)

+ decreasekey ( obj) :

Kogan)
delete : 2flog.nl

= Oclogzn)
( next slide)



Another : Merge (Hi , Hz) :
create a new heap with
all values of H , THz

How?

⑤ ④
l l④ ⑦ ④ ⑧

⑧ '④
Compare roots : ③

Heap

Best method :
insert one heap into

anotherCu log h)
Runtime never less than
-

:

OCD



Binomially
Goal : Improve Merge
OG) → 0dg n)
at the

"

cost
" of min

Od ) → 0dg n)

[But really not! !
Stay

tuned]
amortizedon . . .



Dfe : A binomially ,
defined recursively :

Base case : •

Bo

Bi : two copies of
Bez
,
one root

connected as Carew)
child of the other

B

:b
.

Be:



Twopnopeies:
size : n nodes

fit in tree of size

Slogan)
(since Bk is 2 Bei 's)

Height: Bk has height K
⇒ If n values in

bin
.

tree
, height is

logan



Aside : WHY??

Union can be fast!

Spps two binomial heaps
of same size :

union : OCD

??

But of course , only works if
two of the same size .

- ↳



Binomial Heap-
° Like regular heap ,

child > parent
(for all nodes)

• But : this is a collection
of binomial trees,
with atmos1 of each
size

←
so : one Bo

one B
,

2

one Bad
i

ke Bi 'd Gone i)

Index via a linked
sorted by degree O . . i



Exe List in orange
trees in blue

¥

at root team µ?¥g%£*2
o order 4

(note:noB,orB#
in this example)

length of list : n nodes
- total :

n ' EFI' -2¥ ⇒ $Hog€



Example (w/ values)

.io#qgEEIpYhDgor2or3-

What it really stores :
e order of heap
• data
• next list ptr
• heap plus : parent, lets,bdf¥



Howtosee.at#MMXwnteminC):
Look at the roots
& take min

Runtime :
" linear search

'

;
O (length of Cest)

= Oclogzn)
But : can keepglobal
ptr to minimum
k yust need to update
it as you go)
↳ Runtme : OCD



Union-CH.tt#:

¥
mins.rs

.
..l¥÷÷÷÷oo

:B
. ¥

.



Problem Merged list :
-

:

→
"
"

in HT
in H2o

could have
2 of same
size !

Old trick : combine them!

-
now: BiH



Alton detail :

for 8← 0 to length of
merged list :

if no, nodes of degree P :

aside:
8=8+1

profit of node of degree i
got:L move on

↳update if 2 nodes of degree iwin
build a node of
degree it

if 3 nodes of degree i
Pick 2 -make a
degree TH

Leave the 3rd



Runtme of merge :

each internal merge :

OCD

Overall : 2 logan lists

⇒ Oclogzn)



Insert Cx, H)
create a new binomial

heap Are 1)

⇒ →④→of
Bo Gre 1

M¥ with H ,

list )

Union

(keep pointer to global min)
Runtime: worst case: Oclogan)
adding order 0 tree
↳ order t→order

25 .
. .

But : amortized insert
is OLD time !

-



why insert is faster :

Suppose we do n

inserts
,
a consider

a merge inside our

loop :

If no Bo :

If Bo o.o. Be exist
,

* Bit, does not :

Sf: use
'

accounting method !



Extracts :

say we delete root of
some Bi

←
gbmkdnptr

E

Recall: B: is what ?

1¥.

as if we
delete
root :



So : flip children of
- root in Bi :

→ →
.. .
→

Fo E
,

"D
Bi-i

Make a heap from these
d merge

with rest

of the heap

Runkme:



Decrease key
-

:

same as a regular heap :
•

"

Bubble
"

up in heap
• Might change global

Mlm

⇒

Delete :

change to -A
• Delete Min C)

⇒



Result

Heap Binomial heap
-
-

gettin OG ) 04059¥. *

in::f :c:÷f:÷÷÷¥:*.decreasekey oclogan) Oclogan)
delete Ohagan) Ohagan)
Union ,

Ocn ) Oclogzn)

(* adds overhead to others, but
only Oa ) )

Ontydowndes:


