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package main

import (
"fmt"

  "math"
)

func main() {
  p := []int{5, 10, 3, 12, 5, 50, 6}
  m, s := matrixChainOrder(p)
  printOptimalParens(s, 1, 6)
  printMatrixSubCost(m, len(p)-1)
  printK(s, len(p) - 1)
}

func printOptimalParens(s [][]int, i int , j int){
  if i == j{
    fmt.Printf("A%d", i)
  } else{
    fmt.Printf("(")
    printOptimalParens(s, i, s[i][j])
    printOptimalParens(s, s[i][j] + 1, j)
    fmt.Printf(")")
  }
}

func printMatrixSubCost(m [][]int, n int){
  
  for l:=7; l >0; l --{
    fmt.Printf("\n")
      for i := 1; i < n - l + 2; i ++ {
      j := i + l - 1
        fmt.Printf("%d ", m[i][j])
    }
  }
}

func printK(s [][]int, n int){
  
  for l:=7; l >1; l --{
    fmt.Printf("\n")
      for i := 1; i < n - l + 2; i ++ {
      j := i + l - 1
        fmt.Printf("%d ", s[i][j])
    }
  }
}

func matrixChainOrder(p []int) ([][]int, [][]int){
  n := len(p) -1 // the number of matrix
  m := make([][]int, n+1)
  for i := range m {
    m[i] = make([]int, n+1)
    m[i][i] = 0
  }
  s := make([][]int, n+1)
  for i := range s {
    s[i] = make([]int, n+1)
  }
  
  for l := 2; l < n + 1; l ++ {
    for i := 1; i < n - l + 2; i ++ {
      j := i + l - 1
      m[i][j] = math.MaxInt
        for k := i; k < j; k ++ {
          q := m[i][k] + m[k+1][j] + p[i-1] * p[k] * p[j] 
          // the starting demension of ith matrix, the ending demension of kth matrix and the ending demension of jth matrix
          if q < m[i][j] {
            m[i][j] = q
            s[i][j] = k
          }
        }
    }
  }
  return m,s
}
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