[ ]
Quiz
A polynomial-time algorithm for Subset Sum would imply that P = N P.

False

P= Mznse der En*sc\ne\o\w\sspro\)\eme, die n Po\br\om'ue“e.r 2eid 0(90\3(03) \asbar sind ,

wober n die Lanse des lnputs ist.

NP = Henac der En-\-sa\\e'\o\unﬁspfO\)\CMQ, f&r de man eine scscbent Lasuns n

PO\br\om’ue“er 2eit  verifizieren kann.

The knapsack approximation algorithm from the lecture may exceed the capacity W by up to eW

True

(False) Nur Profile P\ Werden 3«&«\0\0.\, Gewichie W; bleiben exak!

For every array A, any correct algorithm must read all entries of A to solve the Jump Game.

True Bse n=400, Az[/loo, 7"3’ . ]
( False)
The lecture's edit-distance algorithm for arrays A[1,...,n] and B[1,...,m| runs in O(mn)

time. How is this running time classified? Select one answer.

po\nanom'm\

b. pseudopolynomial, but not pdynomial

c. neibner pseudopo\w\om'\a\ nor po\oanom'\q\



An initially empty stack and an initially empty queue each receive 4, 7, in that order. Each removes
one element, then receives the element 2. What do the next pop and dequeue return,

respectively? Select one answer. remove One element add 2
—_ —~
a. Stack: 4, queue: 7. 7 2
stack : 4 ) 4

b. Stack: 4, queue: 2.

@ Stack: 2, queue: 7. queue "EE] l 2 I 7.,

d. Stack: 2, queue: 2.

The following tree is a valid binary search tree.
v ¢

N
should be in the

r'.s\\\- sublcee of 40
True

In the coin-change DP from Homework 6, f[N] is the minimum number of coins needed to pay N
. With coin values 1, 4, 6, which earlier entries does the recurrence use to compute f[8]? Select
one answer.

a. fI5], 116], 17

b. f[1], f[4], f[6] last coin is ehar 4,4 oc 6.
() f12, 14, /7] whot remains s either 8-4 =3, §-b=b, or R-6=2

A 2-3 tree has a root with three leaf children containing keys 1, 3, 8. After inserting 6, which is a
possible separator in the new root? Select one answer.

a. 7 3 > must be 23 and £S

b. 2

@© 4



For knapsack, let O PT be an optimal feasible subset for profits p;, and let OPT be an optimal
feasible subset for the lecture's modified profits p;. Which inequality is guaranteed? Select one

answer.
’\: . o« Sy o . . N
5> Z 5 OPT st per Delinmbon die ophimale LBsunS fzc die pi's
icOPT i€OPT Deshalb ist es 2 jede andere m33\3c\\e Lss““ﬁ {cc die ‘P’.. 's
b P& DY p
26575&’ 1€OPT

OPT st per Delinkion die ophmale LSsuns {ze die pi's
c. Z pi & Z Di Deshalb ist es 2 jede andere m'&a\'nc\me L&sw\a fac die Pi 's

A max-heap is stored as A[1,...,7] = (9,6,8,1,4,7,5). What is A[3] after one ExtractMax

operation? g
/3 7 N\
¢ \8 ExtractMax c
Answer: 2 @ 7\ —_ ’N 0
A A4S
14 3 §

Let L(i, j) be the length of a longest common subsequence of A[1,...,%| and B[1,..., j]. For
i, j > 1, decide whether each statement is always true.

Wahr Falsch
A= L1, 2-}

XX If A[i] # Blj), then L(i, ) = L(i — 1,5 — 1). Counterexample g = 12,37

X L(i,5) 2 L(i— 1,7)- i} dwne '\new\ [ |on3¢r, the LCS can not become shorker

L(i,j) < min{é, j}. - Ay elemenls of an LS must be contamed n A and B
So ¥ A only has 1 elemends, the LCS cannot be \ot\s«r hon |
(same for 8)



(sc\nwieria\

Let n > 4 be a power of two. How many calls to f does g(n) make? Select one answer.

function g(n) :
ifn=1: return1 'h'ﬁ n=b: G = 6 + 3(7') "4

2 gn/2)

fori=1,...,z: f()

return 2z

(G + gea-a) + g(2)-4

O + 4 + 2

n

a. log,n

3-(«\5&; for n=4 =3

Alice chooses a secret integer x € {1, ceey 8}. Bob may only ask "Is z > y?", choosing an
integer y for each question. Decide whether each statement is true or false.

Wahr Falsch

If he chooses all questions before receiving any answers, Bob
>< needs at least seven questions to guarantee determining the
parity.

Nt

>< Bob can always determine the parity of x using at most two
questions. if even or odd

x Whenever Alice's answers determine the parity with certainty,
they also determine x uniquely.

Bob hok immer ein Suchinlervall dec Form La, ..., b)



Discussion of Exercise Sheet 6

Exercise 6.3  Introduction to dynamic programming (2 bonus points).

Consider the recurrence

A =1
Ay =2
Ay =3
Ay =4

A, =An 1+ A, 3+ 2A,_4forn > 5.

(a) Provide a recursive function (using pseudo code) that computes A,, for n € N. You do not have to

argue correctness.

Algorithm 1 A(n)
if n < 4 then
return n
else

return A(n — 1) + A(n — 3) + 2A(n — 4)

(b) Lower bound the run time of your recursion from (a) by Q(C") for some constant C' > 1.

Assume n is divisible '°'6 N

Numbee of calls: T(n) 2 T(n-4) + T(n-3) + T(n-4) {oc n2S

w

T(n-u)* T(n-4) + T(n-4)

3T(n-4)

3-3-T(n-8)

3:3:3.T(n-12)

-7 (u)

0
w
L

A
= 3'- 3 T(4)

n

a n A
(") -3 -T(W)

W
>

.Q(C") for C= 35 = A4.32

(c) Improve the run time of your algorithm using memoization. Provide pseudo code of the improved
algorithm and analyze its run time. You do not need to prove correctness of the algorithm.



Algorithm 2 Compute A,, using memoization

memory<— 1-dimensional array of length n , _('.\\go\ with -1
function A_MEM(n)
if memory [n] # —1 then
return memory [n]
if n < 4 then
memory [n] < n % base cose
returnn
else
A, < AMem(n — 1) + A Mem(n — 3) + 2A Mem(n — 4)
memory[n] + A, recursion
return A,

.. > If A,, is already computed.
} memoization

When calling A Mem(n), each Ay for 1 < k < n is computed at most once and then stored in
memory. Thus the run time of A Mem(n) is ©(n).

(d) Compute A,, using bottom-up dynamic programming and state the run time of your algorithm. In
your solution, address the following aspects:

1. Dimensions of the DP table: What are the dimensions of the D P table?
2. Subproblems: What is the meaning of each entry?

3. Recursion: How can an entry of the table be computed from previous entries? Justify why your
recurrence relation is correct. Specify the base cases of the recursion, i.e., the cases that do not
depend on others.

4. Calculation order: In which order can entries be computed so that values needed for each entry
have been determined in previous steps?

5. Extracting the solution: How can the solution be extracted once the table has been filled?

6. Running time: What is the running time of your solution?

Dimension: DPL4 ... n]

Te.'l\Prob\o.m'- DP[.] .= Ai

Base Case: DPl4] =4, DPl2] =2, DOPI3] =3, DPl4a] =4

Rekursion: oPlil DPli-4] + DPLli-3] + 2.DPli-4] far Seitn
Korrekthet folgt direkt ous der Definihon von A,

Berechnunasrethenfolge:  for 1=5... n: lberechne DPLi)

LSsung: DP|n]

Laugieﬂ‘ O(n)
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Subset Sum

Gegeben: Artay Al4,...;n]  und farget b

(# Subarm(a Sum)

Gesucht: Eine Teilmenge von Indices T ¢§4,...

Dimension: pDPLo ... nlf0... 5]
Teuprob\am'- DPU,S} = %
0 sonst
Base Case: DPlo,0] = 4
DPlo,s] = 0 far 4¢stn
Rekursion: OPli,s] = DPli-4,s] v
—

wir brauchen ALl nicht

und kdnnen ohne AL 2u
S Swmmieren

Bere c\nm»nss re.'\\nm-(o\ac :

foc v=2..n:
.co( $s=0...b:

S Al =\

n } SM\qss

A folls es eine Teilmenge von lndices T €§4,. .., 3 3.'5“;

S Al =8

JET

sodass

- kene Elemente Sumwmieren 20 O V

- kewne E\thn'\'g k;nno.n nicht 2u $24 Sumwieren

=0 {alls s-AL) <O

- N
DP[3-4, s-ALi]] far Atien otseb

Wit braunechen AL]. Damn muss 23 eine Teilmenae
der ersten 1-A Elemenke 30.50.1\, die 2u s-Al]

Summieren

berechne DPLi,s)

LBsuny DPln, b) soal uns, ob eine

Losung exishierd, Falls ja, kdnnen wir die

3¢$uchk Te.i\mo.mac dec Elemenk odurch back-\rqck’ma {inden.



Bottom-Up Top-Down

<> SUBSET SUM O(n - target)
0 1 (-] (-] (-] (-] (-] (-] (-] (-] (-]
\ 1 SUBSET-SUM(A, target)
1 1 1 ) ) ) ) ) ) ) )
" 2 initialize DP[@...n][@...target]
2 1 1 1 1 ) ) ) ) ) ) s DP[e...n][e] = 1
+ 4 DP[@][1...target] = ©
5 1 1 1 1 (-] 1 1 1 1 (-]
\~ 5 for i «1,...,n do
8 1 1 1 1 ] 1 1 1 1 1 5 for s «1,..., target do
+ : :
3 1 1 1 1 1 1 1 1 1 1 7 DPLAls] < DRLE-alls)
8 if A[i] £ s
9 DP[i][s] « DP[i][s] or DP[i-1][s - A[i]]
® Backiracking complete. 16 return DP[n][target]
. 2 3?
Lauxicd‘- O(ﬂ'b) Bse. b=4,b=n_ b=n Ioan
—
?Smo‘oeo\ﬂmm'\ell : Ob der A\Sor'r“n\mus n Po\bnom'\e\\o.r oder exponentieller
\_’V—/
. - n n
Z2aid \awdt \nans’: von b ab. Bsp.b=2 =3

U}

Anmukum3 2ur Notadion: DPLO ... \'\'1[0--- b} pPlo... n,O...B} = (n+4) x (b+4) Arfm3

DP‘.",S] = DP'."][S-_\ = DP(;,S) =7L,s) = me.mob,S]

A fals A brue falls A A fals A
DPlt ) S] = = =

0 sons} false sons} 0 folls 1A

Bearﬂno\ur\sssa‘\'% dec Laufzed: Es SiH (n+4)-(ba4) DP-Einhaaz , Wobe: Jeder einelne Ein’fm3
n O(1) berechne} werden kann, was 2u einer Gesamtlauleedt

von B(n-b) fohret (Die L3sung kann in O(1) ausgelesen werdien)
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Rucksack Problem

C‘leﬁeben: Gewnchishimit W, n tems mit  Gewicht Wi €N wnd Profi} Pi €N

Gesucht: Eine Telmenge von Indices T € §4,..,n} sodass dos Gewchishmt D wi ¢ W

€T

eingehollen wirdh wnd der Gesamtprodi} > pi doba maxwmol st
1eT
Dimension: PlLo... nllo...W]

| eilproblem: Pli,w] := moximoler Profik, wwenn wir nue die erska i ilems bekrachlen

und dober das Gewchishimit o einhalten.

Rase Case: Plo,w] =0 f(ar OLweW
=0 falls wW-Ww; ¢0
.
- N
Rekursion: Pli, w} = mox % Pli-41, w] , PlLi-4, w-w;] + Pi 3 {or 126 n,
Otwe\W

Befec»\ﬂ\hﬂssre.\»\eﬂ%\ae: _“o( .\ =4...n"

(’or w=0...W:

becechne PLi, W]

Lasung: Pln, W] ist der maximale Profit. Wi kannen die gesuchie Teilmenge odler

Elemenle durch backiracking {inden.

Laufaeit: Oln-w) | pseudoPo\bnom'\d\



& Step 67 / 67
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<> KNAPSACK O(n-W)

1 KNAPSACK(W, wt, val, n)
2] 2] o -} [} Q 4 2 initialize DP[e...n][@...W]

for i « @,...,n do

\ 2 forweeo,..., W do

\ 5 ifi==0orw==290
1 1 a 5 6 6 9 ¢ DPLi][w] <o
T 7 else if wt[i] < w
1 1 4 5 7 8 9

8 DP[i][w] « max(val[i] + DP[i-1][w-wt[i]],
8 DP[i-1][w])
Backtracking complete. 10 else
11 DP[i][w] « DP[i-1][w]

| 12 return DP[n][W]
I Reset P Auto Play > Jump to End

Mrecnative LEsom%'-

Dimension:

Tel Prob\e.m .

Rase Case:

Rekursion:

0N
Glo...nllo...P] wober P= 2 fi

=4

. .

Gli, w] = minimales Gewichl, wenn wir nue die erska i ilems betrachlen
um mindeskns Profit p 2u erreichen. (=0 falls nicht msa\:c\n)
Glo,0] =0
Glo,p) =00 far 42pe®

=0 falls p-P; <0
N

~ —
6li, p) = min % Gli-1,p] , Gli-4, p-p;1 + Wi 3 {or 4!.-'.!.-n,P
Otpt

Berec\rmunssre}\nen!}o\ae: foc v=1..n-

LESuna‘-

Laufzei}:

co( p=OP
becechne GLi,p7]

Grasstes p sodass GIn,p) € W.  Wic kannen die gesunchie Teilmenge odlec

Elemenle durch Back-\-mck'ma {inden,

On-P) , pseu&oPo\nmm'\a\\
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LanQS“e au‘S‘e’nﬁeno\e Te3\€o\3¢ (LAT / LAS)

Gesucht: Lan3¢ ener \an3skn a@s-h.iamc\en Te}\(?o\so. von Al1..w)

Dimension: ML1..nll41...n)
Teilproblem: MLi, €] := kieinstmagliche Endung einer aufsteigenden Telfolge von A[1...1]
der Lange €, (= o falls es keine solche Teilfolge gibt)
Rase Case: M4,4] = Al4) > oufskigende Teilfolg der Lange 4 aus Al4) st AlA]
MI1,6]1= ® far22€¢n - es i} unmdalich mit nur einem Element

eine Te.\\co\se dec L'amse €22 2u haben

wir benulzen ALD nichd wir hangen AL an
——

Mli, e] = % min §MLi-4,€) , AL fals €24 oder MLi-4,¢-41 < AL

Rekursion: - N
- Wir konnen 1) anhanaen
M[i" 1, C] 3

sons}
for 2¢ie6n,4¢8¢n
gerec\rmvnssre'\\nm-ﬁo\aei foc v=2..n:

po( e =4 ... n
berechne M(1, 2]

LBsun3= Grossles € godass M‘."nd < ®

Lauf zeit: O(n")

- LQC‘\'\M‘Q
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<> LAS O(nz)
1 2 3 4 5
1 LAS(A)
6 & ® “ “ * 2 DP[1][1] « A[1]; DP[1][2...n] = =
2 3 for 1 « 2,...,n do
o « o ©
4 for 1 « 1,...,n do
° : ’ ” - ” s exclude « DP[i-1][1]
\ N
3 2 3 o o o 6 include « o
- 7 if 1 =1 or DP[i-1][1-1] < A[i]

! ’ ’ ! ° - 8 include « A[i]

9 DP[1i][1] « min(exclude, include)

Backtracking completed. Subsequence elements: 2, 3, 7 l 1o return max 1 where DP[n][1] < e

Verbesserung in OCn log n) wit Binary Search:

|dee: es verandest sich nur ein DP-Eu’n-\ms pro Raihe

Bsp. A=013,5,4,8 9,3 2, 6]

/g:ﬁ:?)¢)°°>m P, @

9 £ 89
4 ¥
6

B=1[u,6,2,72,5,1,3,93]

4 o 0 O 0 o & oo



Wie Te"\ProB\em {inden ?

A'S Ka-\'eaor'\e bestimmen:

* Optmierungsproblem (Bsp. Mss, Jump Game, Edit distance, LAT , Rucksack )
2 Was ist der maximale | minimale ] kleinste 3riss-‘e | kxczesle / IKnaSk
» Enkscheidunasproblem  (sp. Subsed Sum)
2 Gibt es ene Te'\\mcnselTe'\\afmbITci\(’o\ac ... Sodass _..
* Berechnungsproblem (8sp. Fibonacci)

- Was ist die Anzoh [ das Eraebnis, wem ...

2.) 2usaleliche Bco\lnamsm h’mzu\(aaen , die das Problem einfacher machen:
* Far Arrauas, Strings, Mengen, und alles was wman indexieren kann:

= .. wenn Wir nur die ersten 1 Elemenle betrachien

= ... wenn Wir nur die ersten | Elemenle betrachten, und Element | ?_winama\ amam

werden muss
= .. pwenn Wir ber bcs'mnm

= ... wenn wir bei | begnnen, und Element | 2wina¢no\ aewakﬂ werden muss
= ... wenn wir bei i beamnen und be j enden

* FQe Geld, 2eid, Tickels, und olles was man ausgeben kann:
= .. und wir wmit + Geld/2et/Tickets glacken

* Far Gren2en und Limils, diec mon einholten muss:

- ... wund wir daba das 2eit -/ Gewichts/ - Limit L einholien

14



chsaben :

You are walking up a stair. You can can take either 1 step or 2 steps at a time. How many
different ways can you climb a stair of height n.

Dimension: DPL1...n]
Tei\Prab\emt DPLi] := number of different ways fo climb a star of he\ﬁln\' 1.
Bose Case: DPl4] = 4 wnd DPl2] =2

Rekursion: DPli] = DOPL:-2]) + DPli-4] fe 3¢i1tn

Bece c\rmvnssre.'\\r\m‘o\ae: foc =3 ..n: lberechne DPLi]
LSsunty oP lh]
Laufzei}: O(n)

You want to choose a new pin for your computer. You are allowed to use up to 1 digits, where
each digit is between 0 and 9. How many distinct PINs can you create?

Dimension: DPL1...n]

Teilproblem:  DP[i] := number of different PINs with exaclly i dighs
Base Case: DPl4] = 40

Rekursion: DPLi] = DOP[i-4] - 40 fce 2¢1tn

Berec\munssre\kmio\ae: for '=2..n: lbecechne DPLi]

LSsuny Z DPLi]

=4

Lauf 2ei}: e(n)

15



You want to build a vertical tower of exact height 72 units. You have an unlimited supply of three

types of bricks:

® Size 1bricks (height of 1 unit)

¢ Size 2 bricks (height of 2 units)

* Size 4 bricks (height of 4 units)

Two towers are considered distinct if the sequence of brick sizes stacked from bottom to top
differs. For example, placing a 1-brick then a 2-brick is different from placing a 2-brick then a 1-brick.

Find the total number of distinct ways to build a tower of height n.

Dimension:
Teil problem:

Rase Case:

Rekursion:

DP{4...n)

OPLiY:= number of dishnct vays to build a tower of height i
DPl4) = 4

oPl2)= 2

oPL3} = 3

pPlul = ¢

oPLil = pPLi-4] + OPLi-2] + OPLi-4] far Seitn

3erec\r\mn3sre\\nm£o\3¢= for i=S...n: lerechne DPL]

LEsuny

Lau‘:ieﬂ':

DPlin]

O(n)

16
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Theory Task T3. / 8P| von 400 Punkien

An array of non-negative integers A = [ay,...,ay] is called summy if and only if, for all i €
{2,...,n}, there exists a (possibly empty) set I C {1,....i— 1} such that ¢; = 3°, ; a;. In other

terms, every integer in the array except the first one must be the sum of (distinct) integers that
precede it in the array.

For example,
e The array [2,2,4,6,0,12] is summy, because 2 =2,4=2+2,6=2+4,12=2+4+6.

e The array [2,2,4,6,0, 13] is not summy, since 13 can not be written as a sum of integers from
{2,2,4,6,0}.

Provide a dynamic programming algorithm that, given an array A of length n, returns True if the
array is summy, and False otherwise. In order to obtain full points, your algorithm should have
an O(n - max A) runtime (where max A means the maximum value of entries in A). Address the
follo‘\iing aspects in your solution:
> Hinweis {&r die Dimension
1) Definition of the DP table: What are the dimensions of the table DPJ[...] 7 What is the
meaning of each entry ?

2) Computation of an entry: How can an entry be computed from the values of other entries 7
Specify the base cases, i.e., the entries that do not depend on others.

3) Calculation order: In which order can entries be computed so that values needed for each
entry have been determined in previous steps ?

4) Extracting the solution: How can the final solution be extracted once the table has been filled

?
5) Running time: What is the running time of your algorithm ? Provide it in ©-notation in terms
of n and max A, and justify your answer.
G immer wenn ihe das lest, miasst the wmindestens einen Sat2 schreiben
Dimension: DPLo ...n][0... max A)
drue  folls es eine Tellmenge T £84,.,i3 qibk, sodass D _a; =k
—_ . J
| edproblem: DPli, k] := 3 d o
folse  sonst
Base Case: OPL0,0] = *rue = leere Summe ergibt O, is} maglich
DPlO. k] = false  for 41ekemoxA ~ nich} maglich
iz false falls k-a;¢0
£ ~ ﬁ
Rekursion: OPli, k] = DPli-4,k] v  DOPli-4, k- a;] {ar A2itn, 0k« maxA
e — — v e
Wir brauchen a; nich} wic brauchen a;. Dam muss es eine Te'n\mense
und kannen ohne a: 2u der ersten 1-A Elemenk 3e.bm) die 2u k-a;

k Suwmmieren Summeren



Berechnunasrethenfolae:  for 1=4..n:
.cof k=0... M‘*A"
becechne DPLi, k]

) %-h‘m. falls DPli-14, a;] = {rue -tﬁr ale 2&1¢n
Losun3= =

{alse  sonst

Laufzeit: O(n-maxA)

18
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You are a history student, "Alex," standing at the entrance of the "Grand Boulevard of Museums"
(museum 0). You have a research paper due tomorrow, and your goal is to acquire the maximum
amount of "knowledge" possible.
You have two limited resources:

» Astarting budget of M/ dollars.

e A total time limit of 7" hours.

The boulevard has N museums, numbered 0 to N — 1. For each museum ¢, you are given three pieces
of information:

e ticket_cost[i] : The cost in dollars to buy a ticket.
e visit_time[i] :The time in hours it takes to see the exhibit.

*  knowledge[i] : The knowledge points (KP) you gain from the exhibit.

The Rules of the Tour
When you are at the entrance of museum %, you have two choices:
1. Visit the Museum:

* You can only do this if you have enough money ( >= ticket_cost[i] ) AND enough time ( >=

visit_ time[i] ).

* If you visit, you pay the ticket_cost[i] ,spendthe visit_time[i] , and gain the

knowledge[i] .
* After your visit, you immediately move to the front of the next museum (¢ + 1).
2. Skip the Museum:
* You can only do this if you have at least 1 hour of time remaining.
« Skipping costs you no money, but it costs 1 hour of time to walk to the next museum.
e You gain 0 knowledge.
* You move to the front of the next museum (i + 1).

Your tour ends when you have considered the last museum (i.e., you arrive at index V') or when you run
out of time and cannot even afford to skip (i.e., you have 0 time left).

What is the absolute maximum amount of knowledge you can gain?

Example Museum (i) ticket cost[i] visit time[i]
e N =3 museums ke o s 2
« M =40 (dollars) visk = 4 4 3
« T =9(hours) visit= 92 6 c
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knowledge[i]

2

3
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Dimension: DPLo...nJ{o...T][0... 4]

Teilproblem: DPli, ¥, m] = maximum knowledge Alex can gain, S*ar-"ma at

museum | With 1 hours left and wm dollars.

Base Case: DPIN,4, m] = 0 f{or 044 g-]—’ OtmeM

=0 {alls +-1420

Rekursion: —_

DPli+4,4-4
DP'.‘,“’,M]=W\0~% % ' ’M]

DP[i+4, 4- visik_timeli], m- dicket-costli1] + knouledel]
7

— vV
=0 fLalls +- visit.timeli) 20 odew m- Feketcostli] <0

3erec\rm\m$sr€'\\mn£o\a¢f -cor v=N-414_.. 0:
for +=0..7:
for m=0...M:
berechne DPLi,+,m]

LESun3= pPlo v, M)

Laufzeit: O(N-T-M)
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BoHom- wp*

public static int solve(int N, int M, int T, int[] ticketCost, int[] visitTime, int[] knowledge) 1%
DP = new int[N + 1][T + 21]1[M + 1];
// Base Case: automatisch gemacht weil alle Eintrdge auf 0 initialisiert wezxden

for (int i =N-1; 1i>=0; i--) {
for (int t =0; t <= T; t++) §
for (int m = 0; m <= M; m++) {
// Rekursion:
int knowledgeFromSkip = 0O;
if (t >= 1) knowledgeFromSkip = DP[i + 1][t - 11[m];
int knowledgeFromVisit = 0;
if (t >= visitTime[i] && m >= ticketCost[i]) %
knowledgeFromVisit = DP[i + 1][t - visitTime[i]][m - ticketCost[i]] + knowledge[i];

3
DP[i][t][m] = Math.max(knowledgeFromSkip, knowledgeFromVisit);

3
// Ldsung:
return DP[O][T][MI;

Top-down:

public static int solve2(int N, int M, int T, int[] ticketCost, int[] visitTime, int[] knowledge) {
DP = new int[N + 4][T + 1]1[M + 1];
for (int i = @; i<DP.length; i++) {
for (int j = ©; j<DP[Q].length; j++) %
for (int k = 0; k<DP[O][0].length; k++) DP[i]J[j]1[k] = -1;

%
// Ldsung:
return compute(®, T, M);

¥

public static int compute(int i, int t, int m) {
// Base Case:
if (i »>= N) return 0O;

// Memoization:
if (DPLi][t][m] != -1) return DP[i][t][m];

// Rekursion:
int knowledgeFromSkip = 0;
if (t »= 1) knowledgeFromSkip = compute(i + 1, t - 1, m);

int knowledgeFromVisit = 0;

if (t >= visitTime[i] && m >= ticketCost[i]) § // check if we have enough time and money
knowledgeFromVisit = knowledge[i] + compute(i + 1, t - visitTime[i], m - ticketCost[i]);

%

// Store result in DP table:

DP[i][t][m] = Math.max(knowledgeFromSkip, knowledgeFromVisit);

return DP[i][t][m];



Given a binary string S € {0, 1}" of length n, let g(.S) be the positional sum of the string. We
define the positional sum as the sum of all 1-based indices 7 such that the i-th character of S'is a

1.
For example, if § = 701011":
e The '1's are atindices 2, 4, and 5.
e g(S)=2+4+5=11
« ForS =71000”, g(S) = 1.
« For.S =70000”, g(S) =0.

Given n and K, the goal is to count the number of binary strings S of length n with g(S) =K

Describe a DP algorithm that, given positive integers n and K, reports the required number. Your

solution should have a time complexity of at most O(nK).

Dimension: pPLo...nJlo. .. K}
Te'n\‘:rob\o.m'- DPLi, k] = number of binary Strings of |en3’r\n 1 with positional sum = k
Base Case: DPlo,0] = 4
DPlo, k1= 0 for 1¢ke K
= 0 falls k- 20
—
Rekursion: DPli, k] = DOPLi-4,k] + DPli-4, k-i) for 1¢i¢n,0€ksK

Berec\r\nunasre'\\r\mh\ae: foc i=1 . n:
for k=0.. K:

berechne OPLi, k7
LESun3= DPIn ) K)

Lauf2eit: O (nK)
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