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1 def optimal_two_way_search_cost(keys ,

key_weights , gap_weights):

2 """

3 Compute the optimal cost of a two -way -

comparison search tree using HWP DP.

4 - keys: sorted list of keys (length n).

5 - key_weights: list of key weights beta

[1..n].

6 - gap_weights: list of gap weights alpha

[0..n].

7 Returns the minimal search cost (float).

8 """

9 n = len(keys)

10 keys = [None] + list(keys)

11 beta = [None] + list(key_weights)

12 alpha = list(gap_weights)

13

14 prefixBeta = [0]*(n+1)

15 for i in range(1, n+1):

16 prefixBeta[i] = prefixBeta[i-1] +

beta[i]

17

18 prefixAlpha = [0]*(n+2)

19 for i in range(1, n+2):

20 prefixAlpha[i] = prefixAlpha[i-1] + (

alpha[i-1] if i-1 <= n else 0)

21

22 order = sorted(range(1, n+1), key=lambda

i: (-beta[i], -i))

23 pi = [0]*(n+1)

24 pos = [0]*(n+1)

25 for rank , key_idx in enumerate(order ,

start =1):

26 pi[rank] = key_idx

27 pos[key_idx] = rank

28

29 dp = [[None ]*(n+2) for _ in range(n+2)]

30 for i in range(0, n+1):

31 dp[i][i+1] = [0]

32

33 for L in range(2, n+2):

34 for i in range(0, n+2 - L):

35 j = i + L

36 w0 = (prefixBeta[j-1] -

prefixBeta[i]) + (prefixAlpha[j] -

prefixAlpha[i])

37 if L == 2:

38 cost0 = w0

39 else:

40 best_split = float(’inf’)

41 for b in range(i+1, j):

42 cost_split = dp[i][b][0]

+ dp[b][j][0]

43 if cost_split <

best_split:

44 best_split =

cost_split

45 cost0 = w0 + best_split

46 dp_list = [cost0]

47 remaining_weight = w0

48

49 for h in range(1, n+1):

50 key_idx = pi[h]

51 if not (i < key_idx < j):

52 dp_list.append(dp_list

[-1])

53 continue

54 remaining_weight -= beta[

key_idx]

55 cost_eq = dp_list [-1]

56 if L >= 3:

57 best_split = float(’inf’)

58 for b in range(i+1, j):

59 left_list = dp[i][b]

60 right_list = dp[b][j]

61 left_cost = left_list

[h] if h < len(left_list) else left_list

[-1]

62 right_cost =

right_list[h] if h < len(right_list) else

right_list [-1]

63 cost_split =

left_cost + right_cost

64 if cost_split <

best_split:

65 best_split =

cost_split

66 else:

67 best_split = float(’inf’)

68 dp_list.append(

remaining_weight + min(cost_eq ,

best_split))

69 dp[i][j] = dp_list

70

71 final_list = dp[0][n+1]

72 return final_list[n] if n < len(

final_list) else final_list [-1]

Listing 1: Python implementation of HWP-based
optimal two-way search cost.
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