
 

Recall subroutine MERGE

MERGE A p q r

l na q pts
2 her q
3 let Lee hate and Ree nate be new arrays

4 for it to Me

5 Lei ACpti e

6 for j l to na

7 RCj3 ACqtj

8 nite n

9 RENTA
10 it

ee je
12 for hep to r

13 if Li E RE

14 ACK LCD

15 i ite

16 else ACK RG

17 j jte



Note Lines 12 17 in to loop have the

following loop invariant

at the start of each iteration of tree for

loop in lines 12 17 the tubarray Acp k e

contains le p smallest elements of

Lee nite and REI Nate in torted order

Moreover Lci and RG are the smallest

elements in their arrays that have not

been copied back to A

Initialization At the start of for loop

hep A p
k e has no elements k p p p.to

smallest elements from L and R are in

Alp k e At the start i j and Lce

and Ra are the smallest elements is

L and R that have not been copied into A

Maitenance need to show that iteration

preserves loop
invariant



Let Lei SR Cj We assume that Acp K D

has k p smallest elements of L and R

and Ci and RG are smallest in L

and R that have not been copied to A

Then Lci goes
back to A Cline 14 Now

we have Alp he has k pet smallest

elements of L
and R Then both counters

i and le are increased by one Now if

instead Lci RE the same argument

applies but for element REP counters

j and
le

Termination
At termination here

Acp k e is Acp r and it contains

le parte p r ptt elements from L and

R in sorted
order But arrays

L and R

have hate t hate he that 2 elements

nethzt2 qptltr qtz
r.pt it 2



Now let's take a look at MERGE SORT

procedure that calls MERGE as subroutine

MERGE SORT CA p r

1 it per
q L ptr 12

2

3 MERGE SORT CAP q
4 MERGE SORT CA qtl r

5 MERGE A P q r

Here Lx is the floor of X ie the greatest

integer E tuan x

Tx the ceiling of
X ie the least integer

to X

X 1C Lx Ex E Tx ate for any
real X

Tak Lutz n for any integer a

Note If p r then array Acp r has

only one element and the array
is

automatically sorted Otherwise one divides



into two tubarrays ACP q containing

containing 1h12
elements and Acque r

containing In 27
elements

To start we call

MERGE SORT CA l A length

where A length n





Running time
for MERGE subroutine is

n where n r ptl Lines 12,3 8 9,10 I

have coast cost Ole For loops

415 and 6,7 have costs ne and

na respectively loops 4,516,7

have total cost heth Ca

since nathan There are a iterations

in fr loop 12 17 its cost is also Ca

Hence total run time for MERGE

subroutine is n

__
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