Q: "Dad, can we play ’war’?" A: "OK, but we’ll stop if it takes too long..."

Q: "How long does it take?" A: "???"

#include <stdio.h>
#include <stdlib.h>

typedef struct cardlist* link;
struct cardlist { int card; link next; };
link Atop, Abot, Btop, Bbot;
int cnt = 0;

showhand(link);
link shuffle(int);
deal();
play();
main()
   {
     play(shuffle(52));
     if (Btop == NULL)
        printf("A wins in %d steps ", cnt);
     if (Atop == NULL)
        printf("B wins in %d steps ", cnt);
   }_{8.1}

Use integers 0-51 for the cards

. C D H S

.     0    13    26    39
.     1    14    27    40
.     2    15    28    41
.     3    16    29    42
.     4    17    30    43
.     5    18    31    44
.     6    19    32    45
.     7    20    33    46
.     8    21    34    47
.     9    22    35    48
.    10    23    36    49
.    11    24    37    50
.    12    25    38    51

Use linked lists for the hands

typedef struct cardlist* link;
struct cardlist { int card; link next; };
link Atop, Abot, Btop, Bbot;

War if ((Atop->card)%13) == ((Btop->card)%13) 8.2

A: 10  1 13  0 24 . . . 11  7 29 26 41
B: 51 21 43 38 44 . . . 45  2 50 48  9

A:  1 13  0 24 27 . . .  7 29 26 41
B: 21 43 38 44  6 . . .  2 50 48  9 51 10

A: 13  0 24 27 13 . . . 29 26 41
B: 43 38 44  6 39 . . . 50 48  9 51 10  1 21

A:  0 24 27 13 36 . . . 26 41
B: 38 44  6 39  4 . . . 48  9 51 10  1 21 16 43

A: 24 27 13 36 40 . . . 41
B: 44  6 39  4  5 . . .  9 51 10  1 21 16 43 38 0

A: 27 13 36 40 14 . . . 44 24
B:  6 39  4  5 47 . . . 51 10  1 21 16 43 38 0

A: 13 36 40 14 35 . . . 24
B: 39  4  5 47 12 . . . 10  1 21 16 43 38 0 27 6

A:. . . 24
B:. . . 10  1 21 16 43 38  0 27  6 13 36 40 14 35
                                 39  4  5 47 12

8.3

Function with a linked list as argument Makes two new linked lists for players A and B Sets global variables

Atop, Abot: links to first, last nodes of A Btop, Bbot: links to first, last nodes of B Does *not* create any new nodes

deal(link d)
   {
     Atop  = d; Abot = d; d = d->next;
     Btop  = d; Bbot = d; d = d->next;
     while (d != NULL)
        {
          Abot->next = d; Abot = d; d = d->next;
          if (d == NULL) break;
          Bbot->next = d; Bbot = d; d = d->next;
        }
   }

8.4

Fill an array with integers in order Make a pass through to shuffle * pick up a new card * pick a random position among cards in hand * exchange new card with card at that position

Ex: 10 cards

.  0  1  2  3  4  5  6  7  8  9
.  0
.  0  1                            1
.  2  1  0                         0
.  2  1  3  0                      2
.  2  4  3  0  1                   1
.  5  4  3  0  1  2                0
.  5  4  3  0  6  2  1             4
.  5  4  7  0  6  2  1  3          2
.  5  4  7  0  6  2  8  3  1       6
.  5  4  7  0  6  2  8  3  9  1    8

Pass through array to build list

8.5

Dynamically allocate array of size N

  int a[52]

(in case we want to use bigger decks) see Sedgewick, p. 85

int randI(int i)
   { return rand() / (RAND_MAX/i + 1); }
link shuffle(int N)
   { int j, k, t;
     int *a = malloc(N*sizeof(int));
     link x, deck =  malloc(sizeof *deck);
     for (k = 0; k < N; k++) a[k] = k;
     for (k = 1; k < N; k++)
        {
          j = randI(k);
          t = a[k]; a[k] = a[j]; a[j] = t;
        }
     x = deck; x->card = a[0];
     for (k = 1; k < N; k++)
        {
          x->next = malloc(sizeof *x);
          x = x->next; x->card = a[k];
        }
     x->next = NULL;
     return deck;
   }

Shuffle a linked list directly??

put ith card in random position? works, but too slow for huge lists

8.6

Starting point for implementation

("Why do we have wars, anyway?")

int play(link deck)
   { int Aval, Bval; link Ttop, Tbot;
     deal(deck);
     while  ((Atop != NULL) && (Btop != NULL))
        { cnt++;
          Aval = Atop->card % 13;
          Bval = Btop->card % 13;
          Ttop = Atop; Tbot = Btop;
          Atop = Atop->next; Btop = Btop->next;
          Ttop->next = Tbot; Tbot->next = NULL;
          if (Aval > Bval)
             {
               if (Atop == NULL) Atop = Ttop;
                  else Abot->next = Ttop;
               Abot = Tbot;
             }
          else
             {
               if (Btop == NULL) Btop = Ttop;
                  else Bbot->next = Ttop;
               Bbot = Tbot;
             }
        }
   }

   lcc peace.c
   a.out

Game "never" ends, for many (almost all?) deals

("Maybe *that’s* why we have wars") 8.7

Add the following code before the

        if (Aval > Bval)

test in "peace" code

    while (Aval == Bval)
       {
         for (i = 1; i <= 4; i++)
            {
              if (Atop == NULL) return;
              Tbot->next = Atop; Tbot = Atop;
              Atop = Atop->next;
            }
         Aval = (Tbot->card)%13;
         for (i = 1; i <= 4; i++)
            {
              if (Btop == NULL) return;
              Tbot->next = Btop; Tbot = Btop;
              Btop = Btop->next;
            }
         Bval = (Tbot->card)%13;
       }
    Tbot->next = NULL;

"while" not "if", to handle multiple wars

Game STILL *never* ends:

thousands of moves, or more

Why?

8.8

Assume two cards in battles are randomly exchanged when picked up

        if (randI(2))
              { Ttop = Atop; Tbot = Btop; }
        else { Ttop = Btop; Tbot = Atop; }

Typical of simulation applications:

proper use of randomness is vital!

Ten typical games

B wins in 60 steps A wins in 101 steps B wins in 268 steps B wins in 218 steps B wins in 253 steps A wins in 202 steps A wins in 229 steps B wins in 78 steps B wins in 84 steps B wins in 656 steps

8.9

Doesn’t precisely mirror real game

Deal is a "stack", not a "queue"!

Separate hand, pile

requires much more code to handle example: could have war as pile runs out no real reason to simulate that part (?) sort-of-shuffle pile after war?

Tradeoff

convenience for implementation fidelity to real game

Such tradeoffs typical in simulation try to identify which details matter

8.10

Need "first class" queue ADT

declare variables of type queue use them as arguments to functions hide representation from clients Interface, implementation?

["object-oriented programming"; stay tuned] "peace" client code, FYI

("QUEUE -> "Q" in identifiers, for brevity)

int play(Q deck)
   { int Aval, Bval, i; Q T = Qinit(52);
     deal(deck);
     while  ((!(Qempty(A)) && (!Qempty(B))))
        { cnt++;
          Aval = Qget(A); Bval = Qget(B);
          if (randI(2))
                { Qput(T, Aval); Qput(T, Bval); }
          else { Qput(T, Bval); Qput(T, Aval); }
          if (Aval%13 > Bval%13)
             while (!Qempty(T)) Qput(A, Qget(T));
          else
             while (!Qempty(T)) Qput(A, Qget(T));
        }
   }

Advantage: avoid details of linked lists Disadvantages: add details of interface

8.11

Q: "So, how long does it take?" A: "About 10 times through the deck (254 battles)"

Q: "How do you know?" A: "I played a million games..."

Q: "That sounds like fun!" A: "Let’s try having bigger battles..."

100000 trials

0 583 1 448 2 337 3 254 4 197 5 155 6 126 7 103 8 87 9 75

8.12