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FAO: Dr. G. Jones

Sorry this is incredibly short! The reason is that I did almost all the questions I could manage on the sheet for last time; I had another look at

the others, but I think I'm still rather confused about them. I thought I'd have a go at the next sheet to compensate, but I haven't had much luck

with it (it's 2am and I'm too asleep to think straight). I've added what I've done onto the end, but I think some of it may need a rethink.

Sheet 1

3)

fk(n) <= fk(n-1) + fk-1(n)

        <= (fk(n-2) + fk-1(n-1)) + fk-1(n)

        <= (fk(n-3) + fk-1(n-2)) + fk-1(n-1) + fk-1(n)

        <= ...

        <= fk(0) + sum{i = 1 to n} (fk-1(i))

        <= fk(0) + sum{i = 1 to n} (ai(k-1) + b)

        <= fk(0) + a.sum{i = 1 to n} (i(k-1)) + n.b

        =   fk(0) + a.(1(k-1) + ... + n(k-1)) + n.b

        <= fk(0) + a.n.n(k-1) + n.b



{there are n terms in the sum, all <= n(k-1)}

        <= fk(0) + a.nk + n.b

        =   O(nk)

4)

gk(n) >= gk(n-1) + gk-1(n)

        >= (gk(n-2) + gk-1(n-1)) + gk-1(n)

        >= ...

        >= gk(0) + sum{i = 1 to n} (gk-1(i))

        >= gk(0) + sum{i = 1 to n} (ai(k-1) + b)

        >= gk(0) + a.sum{i = 1 to n} (i(k-1)) + n.b

        =   gk(0) + a.(1(k-1) + ... + n(k-1)) + n.b

        ...

        ???

It's possible to show at this stage that it's Ω(n(k-1)):

        >= gk(0) + a.n(k-1) + n.b

        =   Ω(n(k-1))

but I can't see how to show it's Ω(nk).

6)

I've had another look at this question, and I still don't understand the hint. I had a go at trying to figure it out, but I'm still

stumped, sorry.

7)

P(n) <= 16P((n/4() + 3n

Let n = 4k
P(4k) <= 16P(4(k-1)) + 3.4k
       <= 16(16P(4(k-2)) + 3.4(k-1)) + 3.4k
       <= 16(16(16P(4(k-3) + 3.4(k-2)) + 3.4(k-1)) + 3.4k
       =  (163)P(4(k-3)) + (162).3.4(k-2) + 16.3.4(k-1) + 3.4k
       <= ...

       <= (16k)P(40) + 3.sum{i = 1 to k} ((16(k-i))(4i))

       =  (16k)P(1) + 3.sum{i = 1 to k} (4(2(k-i) + i))

       =  3.(16k) + 3.sum{i = 1 to k} (4(2k-i))

       =  3.(4k)2 + 3.42k.sum{i = 1 to k} (4(-i))

       <= 3n2 + 3n2.(1/4 + 1/16 + ... + 1/(4k))

       =  3n2.(1 + 1/4 + ... + 1/(4k))

       =  O(n2)

Sheet 2

2)

Problems 4 (P.23 from last year's notes)

1.

a)

Let a,...,d be the four integers.

Compare a vs b

=> call the smaller S1, the larger L1

Compare c vs d

=> call the smaller S2, the larger L2

Compare S1 vs S2

=> call the smaller S

Compare L1 vs L2

=> call the larger L

We know that:

L = max{L1,L2} = max{max{a,b},max{c,d}} = max{a,b,c,d}

S = min{S1,S2} = min{min{a,b},min{c,d}} = min{a,b,c,d}

b)

Note: I think this works, but I'm not sure it's as efficient as it should be (or rather, as the question specifies it should be). I'm also not

really sure why I coded it in C++(!); I'll redo it in Haskell for next time.

/*

Specification:

Returns (smallest,largest), where smallest is the smallest element of vec[m..n) and largest is the largest element.

Note: comp is just a test variable to check the number of comparisons which are going on.

*/

std::pair<int,int> SmallestAndLargest(const std::vector<int>& vec, int m, int n, int& comp)

{


if(m == n-1)


{



return std::make_pair(vec[m],vec[m]);


}


else


{



std::pair<int,int> p1 = SmallestAndLargest(vec, m, (m+n)/2, comp), p2 = SmallestAndLargest(vec, (m+n)/2, n, comp);



comp += 2;



return std::make_pair(std::min(p1.first,p2.first), std::max(p1.second,p2.second));


}

}

int main()

{


const int N = 32;


int arr[N] = {3,5,8,1,3,5,10,6,-1,27,3,7,8,9,2,4,3,5,8,1,3,5,10,6,-1,27,3,7,8,9,2,4};


std::vector<int> vec(N);


for(int i=0; i<N; ++i) vec[i] = arr[i];


int comp = 0;


std::pair<int,int> p = SmallestAndLargest(vec, 0, 32, comp);


std::cout << p.first << ' ' << p.second << ' ' << comp << '\n';


return 0;

}
