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//################### Canonical Collection Generator ####################
//#################### CODED BY: AHMED ALI ALSAMMAN #####################
// Input: Grammar G
// Output: Canonical Collection LR0 Items
using System;
using System.Collections.Generic;
using System.Collections;
using System.Linq;

namespace CanonicalCollection
{
    class Program
    {
        // static List<string> G = new List<string>() { "S→aABe", "A→Abc", "A→b",

 "B→d" };
        static List<char> X = new List<char>(); // for input symbols

        static List<string> G = new List<string>() { "E→E+T", "E→T", "T→T*F", 
"T→F", "F→(E)", "F→i" };

        static ArrayList collection = new ArrayList();// for canonical items 
collection

        static void Main()
        {
            int itemIndex;
            Console.OutputEncoding = System.Text.Encoding.UTF8; // to write → on 

console
            List<int> visited = new List<int>(); // to keep track of finished 

items

            //Get the list of input symbols of the grammar 
            foreach (string pr in G)
                foreach (char ch in pr)
                    if (ch != '→' && !X.Contains(ch))
                        X.Add(ch);
            
            string augG = G[0][0] + "'→" + G[0][0]; // augmented grammar G' (E'-

>E)
            string prod = augG.Substring(0, 3) + '.' + augG.Substring(3); // 

perform closure for E'->.E to get I0

            List<string> Item = closure(new List<string>() { prod });  // perform
 closure for E'->.E to get I0

            collection.Add(Item);

            print(Item);

            int itemNo = 0;// to keep track of generated item number
            int prevCount; // to keep track of previous number of elements
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            do
            {
                prevCount = collection.Count;

                ArrayList coll = new ArrayList(collection);

                foreach (List<string> I in coll) // perform Goto for every item I
 in the collection

                {
                    int index = coll.IndexOf(I);

                    if (!visited.Contains((index))) // check weather current item
 I has done or not

                    {

                        visited.Add(index); // mark current I as visited
                        foreach (char x in X) // check all input symbols against 

current Item I
                        {
                            Item = new List<string>();
                            Item = Goto(I, x);
                            itemIndex = itemExists(Item);

                            if (Item.Count > 0 && itemIndex == -1) // non zero 
elements item & not found in the collection

                            {
                                collection.Add(Item); // add a new item to the 

collection
                                itemNo++;
                                print(Item, x, index, itemNo);
                            }

                            else if (itemIndex != -1) // item found
                            { // refere to the item
                                Console.WriteLine("Goto(I{0},{1})=I{2}", index, 

x, itemIndex);
                            }
                        }
                    }
                }
               
            } while (prevCount < collection.Count); // exits whenever no new 

items were derived
          }
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        // Following are two forms of print method with different parameters 
(polymorphism)

        private static void print(List<string> Item) // to print item0
        {
            Console.WriteLine("Canonical Collection");
            Console.WriteLine("--------------------\n\n");
            Console.WriteLine("I0");
            Console.WriteLine("----------------");
            foreach (string pr in Item)
            Console.WriteLine(pr);
       }
        
        
        private static void print(List<string> Item, char x, int index, int 

itemNo) // to print items from I1 and up.
        {
           Console.WriteLine("\n\nI{0} = goto(I{1},{2})", itemNo, index, x);
           Console.WriteLine("----------------");
           foreach (string pr in Item)
           Console.WriteLine(pr);
           Console.WriteLine();
            
        }
        

        private static List<string> Goto(List<string> I, char x)
        {
            List<string> item = new List<string>();
           // List<string> part2 = new List<string>();
            foreach (string pr in I)
            {
                int dotIndx = pr.IndexOf('.');
                if (dotIndx != pr.Length - 1 && pr[dotIndx + 1] == x) // if dot 

isn't the last 
                   //character and the next character matched.
                {
                    string newPr = pr.Substring(0, dotIndx) + pr[dotIndx + 1]
                        + '.' + pr.Substring(dotIndx + 2);// move dot to the 

right
                    dotIndx = newPr.IndexOf('.'); //dotIndx++; 
                    //perform closure if necessary
                    if (dotIndx != newPr.Length - 1 && Char.IsUpper(newPr[dotIndx

 + 1]))//if dot isn't the last char.
                    // and followed by a non terminal
                    item = closure(new List<string>() { newPr });
                    else
                      item.Add(newPr);
                }
            }

            return item;
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        private static List<string> closure(List<string> Item)
        {
            List<char> closured = new List<char>();// for closured NT
            int prevCount;
            do
            {
                prevCount = Item.Count();
                List<string> I = new List<string>(Item);
                foreach (string prod in I)
                {

                    char symbol = prod[prod.IndexOf('.') + 1];
                   
                    
                    
                    if (Char.IsUpper(symbol) && !closured.Contains(symbol)) // 

perform closure
                    {
                        foreach (string gProd in G)
                            if (gProd[0] == symbol)
                             Item.Add(gProd.Substring(0, 2) + "." + 

gProd.Substring(2));
                        closured.Add(symbol); // mark symbol as closured
                      }
                  }
              } while (prevCount < Item.Count());
            return Item;
        }

        private static int itemExists(List<string> Item)
        {
         // A method to check out weather the received item is new or not.
         // It will check the received item against all items in the collection
         // first by matching the number of elements
         // and second by matching the production rules one to one

            bool matched;
            int itemIndex = 0;

            foreach (List<string> I in collection)
            {
                int prodIndex = 0;
                matched = true;
              if(Item.Count == I.Count) //perform matching if they have the same 

number of elemets
              {
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                    foreach (string pr in Item)
                    {
                        if (!I[prodIndex].Equals(pr)) // if (I[index]!=pr)
                        {
                            matched = false;
                            break; // skip to the next item I in the collection
                        }
                        prodIndex++;
                    }
                    if (matched) return itemIndex;
              }
                itemIndex++;
            }
            return -1;
        }
    }
}
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