Homework 4

<
=
s
2
3
£
S
ag




Questionl

(5.7) Write a program (or modify the code discussed in class) to recover the solution (i.e.,
enumerate the elements in the solution) to a knapsack problem using the belong flag. You
should make your algorithm as efficient as possible.
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Questionl

We can use the 2-dimension array P we got from the algorithm
Knapsack to find the solution:

1. check P[i, k].exist, if it is false, return "no solution”.
2. if P[i, k|.exist is true, check whether S[i is in the solution (whether
Pl[i, k|.belong = true).

3. if so, put §[i] into the solution and next check P[i, k — S[i]].
4. if not, next check P[i— 1, k].
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Questionl

1. Algorithm KNAPSACK RECOVER(S, k, P);
2: //k< K

3 solution := |];

4 i=nm

5: if P[i, k|.exist = false then
6 return "No such subset exists!”;
7 while k> 0 do

8 if P[i, k|.belong = true then

9: solution.append(S[i]);

10: k= k— S[i;

11: ii=i—1;
12: return solution;
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Questionl
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Question2

(5.17) The Knapsack Problem that we discussed in class is defined as follows: Given a set
S of n items, where the ith item has an integer size S[i], and an integer K, find a subset
of the items whose sizes sum to exactly K or determine that no such subset exists.

We have described in class an algorithm to solve the problem. Modify the algorithm to
solve a variation of the knapsack problem where each item has an unlimited supply. In
your algorithm, please change the type of P[i, k].belong into integer and use it to record
the number of copies of item ¢ needed.
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Question2

1. Algorithm KNAPSACK UNLIMITED(S, K);
2 P[0, 0].exist := true;

3 PJ0, 0].belong := 0;

4: for k:=1 to Kdo

5 PO, K].exist := false;

6 for i:=1to ndo

7 for k:=0to Kdo

8 Pli, k].exist := false;

9 if P[i— 1, k].exist then

10: Pli, k|.exist := true,

11: Pli, k].belong := 0

12: else if k— S[i] > 0 then

13: if Pli, k— S[i]].exist then

14: Pli, k|.exist := true;

15: Pli, k|.belong := P[i, k — S[i]].belong + 1,
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Question2
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Question3

(5.20) Let z1, x2, ..., T, be a set of integers, and let S = Y7 ; x;. Design an algorithm
to partition the set into two subsets of equal sum, or determine that it is impossible to do
so. The algorithm (presented in suitable pseudocode) should run in time O(nS).
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Question3

Let xq, X2, ..., X, be a set of non-negative integers, and let S = X7, x;.
Design an algorithm to partition the set into two subsets of equal
sum, or determine that it is impossible to do so. The algorithm
(presented in suitable pseudocode) should run in time O(nS).
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Question3(cont’d)

function ALGORITHM PARTITION(X)
if S is odd then
print "impossible”;
else
halfs = g;
Knapsack(n, halfS);
if P[n, halfS].exist then
add elements found by Problem2’s algorithm to setl
add the rest to set2
else

print "impossible”;
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Question4

(5.22) In the towers of Hanoi puzzle, there are three pegs A, B, and C, with n (general-
izing the original eight) disks of different sizes stacked in decreasing order on peg A. The
objective is to transfer all the disks on peg A to peg B, moving one disk at a time (from
one peg to one of the other two) and never having a larger disk stacked upon a smaller
one.

(a) Give an algorithm to solve the puzzle. Explain how induction works here.

(b) Compute the total number of moves in the algorithm. Show the details of your
calculation.
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Question4(a)
Algorithm Hanoi(n, A, B, C);

1 begin
2 if n=1 then
3 move from A to B

4 else if n>1
5 Hanoi(n-1, A, C, B);

6 move the n-th disk from A to B
7 Hanoi(n-1, C, B, A);
3 end

[Base case| 1 disk (move from A to B)
[Inductive stepjmove n disks
[Induction hypothesis|Moving n-1 disks is available
@ move n-1 disks from A to C (induction hypothesis)
@ move the n-th disk to B (base case)
@ move n-1 disk from C to B (induction hypothesis)
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Question4(b)
BR5& M(n) ZSIENRE

M(1) =1
M(n)=M(n—1)+1+Mn-1)=2-Mn—1)+1
M(n)=2M(n-1)+1

—2[2M(n-2)+1]+1

=22 . M(n-2)+(2+1)

=22 . [2M(n-3)+1]+(2+1)

=23 - M(n-3)+(2°+2+1)

=2' - M(ﬁ—i)+(1+2+22+. 271

=2" M(n-i)+(3=7)

M(1)=1 i BL (n-1) €A
=27~ L. M(1)+2" -1
=2n-1
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Questionb

(5.23) Write a non-recursive program (in suitable pseudocode) that prints the moves of
the solution to the towers of Hanoi puzzle.
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Questionb
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Questionb

Ebok %F?ULLE’JLVEE‘TE stack WL - REENFEME
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Questionb

function HANOI(n, source, target, auxiliary)
Stack s
s.push({h=n, s=source, t=target, a=auxiliary, i=0})
while not s.empty() do
p := s.pop()
if p.h =1 then
move from p.s to p.t
continue
if p.i =0 then
s.push({h=p.h, s=p.s, t=p.t, a=p.a, i=1})
s.push({h=p.h - 1, s=p.s, t=p.a, a=p.t, i=0})
else if p.i = 1 then
s.push({h=p.h - 1, s=p.a, t=p.t, a=p.s, i=0})
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Questionb
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Questionb

FaeAEEEH stack EEIEENE ?
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Questionb

FaeAEEEH stack EEIEENE ?

FTAZRBAREAPEBNEZE  NREBUERGBEE  HEEE
BEZEHER ?

BRZERANELERERF .

MRnAH2:

=|,

n=1 n=2 n=1
A->C A->B C->B
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Questionb

EEAEEIZER stack BEEEMEIE ?

HEAEBARIBAEENEE  NMRERFUESFHBEE  HEEE
BEESHEBEE ?

BEEEZNWERRER :

MRnA3:

n=1 n=2 n=1 n=3 n=1 n=2 n=1
A->B A->C B->C A>B C->A (C>B A->B

BEA - 2IEA - SR Homework 4 Algorithms 2020 20/31



Questionb

EENBEN OIS M —REIRETR
A->B

RN

A->C C->B

/N /N

A->B B->C C->A A->B

=28 +1 - AIEBAIA leaf BB R 1E T &1 R4
WHAFEREUERNEREIES, , A FeiMbE BT
HERLT AL

IABRIEEES T DUAERMY full binary tree 2REIR - EIEHEL
TEEBSHE 2" — 1 - WEa—BNEE

BEEHNITEE | HISHRBIETT inorder traverse
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Questionb

BEE 1 (BER)
Q@ IR h OAR/NEII— R : BEEHE o2  ZEEHME
02"
O HITIHETT traverse : RREIEHE 02"
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Questionb
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Questionb

BEBLWBESEEENEESZ B - BRIERE ?
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Questionb

BEE 2 (=)
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Questionb
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Questionb
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Questionb

AR VEEEEIZN—L7  SEANDHEMER LIRS
EHH

B I/ERESEIEHERERAUR 3 BB EEm D H—L
BIEREESE HEERHARFEEEMNEZGE

BREmE A “ABC' REEMANFESE - HELZE push pop Z
A stack BE - EZE “A > C" ZHENESE
ABE push/pop MEX - B A > C R A > C BT E
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Questionb

ERENKBHE— NROERI 3 WREZHW
28R h BFEEF - 0->BC 1->AB 2->AC ; 1 h AHEEHF -
0->BC 1->AC 2->AB
RBIHRE T F - EE h=1 B h=2 W& case

A->B

/\

->B A->C C->B
h=1 15 "R ASBEFE 15 BFEAE 1
h=2 - ®IEN A->BE2F 2 BR8A 2 ; 5—2F A->C &k

1; =% C>B &0

e B B >
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Questionb

MR h=k FE2E - B k+17?
EHEEE MEP—E - EEFEEAREEN node HENDEISELL 2
HREARZFEDN node ME :

Q EARER 0 MIAZER 0 - 67 1 BifR 2 2 HIR

Q [RZNER 0 ¥IFE BC - REIFE BC ; MRIRAER 1 HE AB -
RIE R AC ; [RZNER 2 BB AC RIE S YE AB

Ene s ERERARIEZCER h KNEE

Algorithms 2020 30/31



Questionb

ME R h=k+1 WFHEF ?

B k BT MEFNREHHREZ A>BB->CC>A BT
FE—TolEE ( ERHRE—@F5E )

MR F—BERAEHR - RETE A->B & (k+1 B8 ) HEM
ERELZE 2

IR FRIEFIREZE 1 AFEEFHREZ 0 (2+1)
MRXME A->B EFBEMER A->C AFEIHEZ C->B
BEEL (k+1 AEEEF ) 88 1 & AC - B8R 0 £ /& BC

EIEC] DU E AR ENEA B->C C->A MBARTETREZEL
Him

EIE k BIFEE - k+1 2HMN

=k BEE - BEHCEEREBIE
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