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CS1510, Design and Analysis of Algorithms, Fall 2006
Patchrawat Uthaisombut
Dynamic Programming

general coin change problem
Let C(v) be the minimum number of coins of denominations4, 3, 1 needed to make change for v dollars
Civ) = min{Civ-4)+1, Cv=-3)+1, C(v-1)+1}

knapsack problem
Let P(i, w) be the maximum profit that obtainable, with weight at mostw, fromitemsintheset{l, 2, ..., i}
PG, w) = max{P(@i—1, w), P(i—1, w—w;)+ pij}

chained matrix multiplication
LetM(i, j)be the minimum number of multiplications needed to compute A; Aj;1 ... Aj

M, J) = mini<j—1 (M@, K) + MK +1, j)+ pi-1 Pk P}

optimal binary search tree
Let C(i, j) be the cost of an optimal binary search tree containing real keysi, ..., jand dummykeysi—1, ..., j
C(i, j) =minig<j{CG, r—=+cr+1, +wd, j)}

longest common subsequence

LetL(i, j)bethe length of alongest common subsequence of x; X, ... Xjand y1 Y2 ... Y;j
Lii i Li-1, j-D+1 iinzyj
D= L j-1), Li-1, )} ifx#y

sequence alignment
Let C(i, j) bethe costof an optimal alignmentof x; X, ... Xiand y1 Y2 ... ¥j
Li-1, j- 1 +ayy,
Ch, p=max{ LG j-D+6 }
Lad-1, p+06

Floyd's shortest path algorithm
Let L(i, j, k) be the length of a shortest path from i to j where the internal nodes are fromthe set{ 1, 2, ..., k}

Wewant L(i, j, n)foralli, j
Ld, j, k) =min{Lq, j, k—1), LG, k, k=1 + Lk, j,k-1)}

bitonic euclidean TSP

Label the vertices using positive integer from left to right

Fori < j, letL(i, j)bethelengthof ashortest bitonic spanning path for verticesinthe set{1, 2, ..., i}
where one path ends at vertex i and the other path ends at vertex j

Wewant miny<j<i—q {L(n, j)+djn}

L@, p=min{L3i-1, j)+di_gij, Ming<x<io L3 -1, k) +d}

maximum contiguous sublist
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Let V(i) be the value of a maximum contiguous sublistof sy, sy, ..., sj ending with s;
We want max;<j<n V (i)
V(i) =max{V(i-1)+s;, si}

Longest Increasing Subsequence (LIS)

Let L(i) be the length of a longest increasing subsequence of X1, X,, ..., Xj ending with X;
We want maxj <j<n L(i)

L(i) = max; { L(j) + 1 } where the maximum isoverall j suchthat 0 < j <i andx;j <X;

making change with limited number of coins
Let C(i, v) be the size of a smallest multiset that is a subset of {d, d, ..., dj} to make change for v dollars

Let C(i, v) be co if there is no such set
CGi,v)=min{C(i-1,v), C(i—-1,v—-dj)+1}

price-collecting path
Let S(i, j) be the largest weight of any shortest path from node (0, 0) to node (i, j) ingridgraph G

S, Pp=max{S@, j—1), S -1, )} +w;

rocket assembly
Let C(i, k) be the cost of an optimal assembly sequence to assemble piecesi, ..., k

C(|1 k) = minisjsk—l (C(I1 J) + C(J + 11 k) + f(l, Jl k))

word segmentation
Let C(i) be the quality of an optimal segmentation for the string containing letterss; s, ...s;

C(i) = maxo<j<i-1 C(j) + quality(Sj;1 Sj;2 ...Si)

printing neatly
Let C(i) be the penalty of an optimal layout for wordsi, ..., n
We want to compute C(1)

. . . - 2
C(i)= min; {C(j+ D)+ (L- Zjiwi)
where the minimum is taken over all jsuchthat i< j<n-1 and Zizi Wi <L

Initial condition
Ci)=0if Xp_jwyk=L




