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Summary of Last Lecture

•  Introduction to Habanero-Java (HJ) language 

— Forall & for statements with multidimensional points 
— Computation graph for nested forall/for statements 
— Isolated statement and its impact on scheduling bounds 

–  Let TI = total time spent in all isolated statements 
 max(T1/P, T∞, TI)  ≤  TP ≤  T1/P + T∞ + TI  

•  Equivalent Peril-L constructs 
— Peril-L forall ~ HJ forall (different syntax for iteration) 
— Peril-L exclusive ~ HJ isolated 

•  REMINDER: Homework #1 due in class by Sep 10th 
1.  Exercise 6, Chapter 3, page 85 
2.  Analyze the speedup, efficiency, and half-performance metric of 

Parallel Quicksort as a function of N and P. 
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Acknowledgments for Todayʼs Lecture

•  Course text: “Principles of Parallel Programming”, Calvin Lin & 

Lawrence Snyder 
— Includes resources available at http://www.pearsonhighered.com/

educator/academic/product/0,3110,0321487907,00.html 

•  X10 tutorial given at PLDI 2007 conference, Vijay Saraswat, 
Vivek Sarkar, Nathaniel Nystrom 

•  Slides from Course 01727 Parallel Programming, Prof. Dr. J. 
Keller, FernUniversität in Hagen 
— http://www.ida.liu.se/~chrke/courses/MULTI/slides/parsort6.pdf 

•  Notes on Bitonic Merge Sort, Scott B. Baden, University of 
California, San Diego 
— http://cseweb.ucsd.edu/classes/sp03/cse160/Lectures/Lec08/

bitonic.pdf 
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Barrier Synchronization: Motivating Example

rank.count = 0; // rank object contains an int field, count


forall (point[i] : [0:m-1]) {


  int r;


  isolated {r = rank.count++;}


  System.out.println(“Hello from task ranked “ + r);


  System.out.println(“Goodbye from task ranked “ + r);


}


•  Question: how can we transform this code so as to ensure that all 
tasks say hello before any tasks say goodbye? 
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Barrier Synchronization: Motivating Example

rank.count = 0; // rank object contains an int field, count


forall (point[i] : [0:m-1]) {


  int r;


  isolated {r = rank.count++;}


  System.out.println(“Hello from task ranked “ + r);


  System.out.println(“Goodbye from task ranked “ + r);


}


•  Question: how can we transform this code so as to ensure that all 
tasks say hello before any tasks goodbye? 

•  Approach 1: Replace the forall loop by two forall loops, one for the 
hello’s and one for the goodbye’s 
— Need to communicate local r values from one forall to the next 

•  Approach 2: insert a “barrier” between the hello’s and goodbye’s 
— “next” statement in HJ 
— “barrier” statement in Peril-L 
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Barrier Synchronization: HJʼs “next” statement


rank.count = 0; // rank object contains an int field, count


forall (point[i] : [0:m-1]) {


  int r;


  isolated {r = rank.count++;}


  System.out.println(“Hello from task ranked “ + r);


  next; // Acts as barrier between phases 0 and 1


  System.out.println(“Goodbye from task ranked “ + r);


}


•  next  each forall iteration suspends at next until all iterations arrive 
(complete previous phase), after which the phase can be advanced 
— If a forall iteration terminates before executing “next”, then the other 

iterations do not wait for it 
— Scope of synchronization is the closest enclosing forall statement 
— Special case of “phaser” construct (will be covered later in the course) 

Phase 0 

Phase 1 
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Impact of barrier on scheduling forall 
iterations


•  What does the computation graph look like with next 
statements? 

•  How about nested forall statements with next? 

Forall 
iterations 

Phase 0 Phase 1 
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Another Example with HJʼs next statement


  exiting from while loop  
  terminates forall iteration 

i, and automatically 
“deregisters” it from the 
barrier 

   forall (point[i]: [1:N]) { 
     while ( true ) { 
       int old_A_i = A[i]; 
       int new_A_i = F(old_A_i, B[i-1], B[i], B[i+1]); 
       A[i] = new_A_i; 
       next; 
       int old_B_i = B[i];  
       int new_B_i = F(old_B_i, A[i-1], A[i], A[i+1]); 
       B[i] = new_B_i; 
       next; 
       if ( old_A_i == new_A_i && old_B_i == new_B_i )  
          break; 
     } // while 
   } // foreach  
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HJʼs Async and Finish Statements 
for Task Creation and Termination


async  S 

•  Creates a new child task that 

executes statement S 

•  Parent immediately moves on to 

statement following the async

•  If S refers to a local variable 

from an enclosing statement, 
that variable must be declared 
as final


•  Child task cannot be aborted or 
cancelled


•  Analogous to pthread_create() 
discussed on page 147


finish S  

  Execute S, but wait until all 

(transitively) spawned asyncs 
in Sʻs scope have terminated. 


  Implicit finish between start 
and end of main program


  Analogous to pthread_join() 
discussed on page 147, but 
applied to all descendant tasks
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Example of Using Async-Finish  
to simulate a Forall


int iters = 0; delta = epsilon+1;


while ( delta > epsilon ) {


  finish {


    for ( jj = 1 ; jj <= n ; jj++ ) {


      final int j = jj;


      async { // for-async can be replaced by forall


        newA[j] = (oldA[j-1]+oldA[j+1])/2.0f ;


        diff[j] = Math.abs(newA[j]-oldA[j]);


      } // async


    } // for


  } // finish (join)


  delta = diff.sum(); iters++; 


  temp = newA; newA = oldA; oldA = temp;


}


System.out.println("Iterations: " + iters);
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Another Example: Using Async-Finish to create a 
Recursive Parallel Tree Iterator


From “What’s in it for the Users? Looking Toward the HPCS Languages and Beyond”,  
D. Bernholdt, W.R. Elwasif, Robert J. Harrison, PGAS 2006 

. . .

// Main program

. . . 

finish refine(root, 1, nmax);
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HJʼs Async and Force Expressions 
for Task Creation and Termination


async<T> Expr-Block

•  Creates a new child task that 

executes Expr-Block (which 
contains a return statement with 
a return value of type T)


•  Async expression immediately 
returns a handle of type 
future<T>to parent task, which 
moves on to operation following 
the async


•  Values of type future<T> can 
only be assigned to final 
variables (deadlock avoidance)


•  If Expr-Block refers to a local 
variable from an enclosing 
statement, that variable must be 
declared as final


Expr.force()

  Evaluates Expr, and blocks if 

Exprʼs value is unavailable

  Expr must be of type 

future<T>

  Return value from Expr.force() 

will then be T

  Analogous to pthread_join() 

for a single task, as discussed 
on page 147
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Parallel Recursive Array Sum 
revisited from Lecture 1


•  Parallel algorithm (recursive version, assumes n is a power of 2) 
sum = computeSum(X, 0, n-1);  
int computeSum(final int[] X, final int lo, final int hi) { 
    if ( lo > hi ) return 0; 
    else if ( lo == hi ) return X[lo]; 
    else { 
        final int mid = (lo+hi)/2; 
        final future<int> sum1 =  
           async<int> { return computeSum(X, lo, mid); } 
        final future<int> sum2 =  
           async<int> { return computeSum(X, mid+1, hi); } 
        return sum1.force() + sum2.force(); 
    } 
} // computeSum 

•  HJ “async future” executes child expression in parallel with parent 
— force() causes the parent to wait for the child.  
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Futures can deadlock if their references 
can be stored in non-final variables


future<int> f1=null; 

future<int> f2=null; 

void main(String[] args) { 

  f1 = async<int> {return a1();}; 

  f2 = async<int> {return a2();}; 

  f1.force(); 

} 

int a1() { 
  future<int> tmp=null;  
  do { 
    tmp=f2; 
  } while (tmp == null); 
  return tmp.force(); 
} 

int a2() { 
  future<int> tmp=null;  
  do { 
    tmp=f1; 
  } while (tmp == null); 
  return tmp.force(); 
} 

This situation cannot arise in HJ because f1, f2, tmp are all 
required to be final 

cyclic wait condition 
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Batcherʼs Bitonic Sort Parallel Algorithm 
(pages 104 – 109)


•  A sequence of numbers A = A1, …, An is called bitonic if there 
exists a k such that 

— 1 <= k <= n 
— A1 <= … <= Ak 
— Ak >= … >= An 

or if A can be rotated to satisfy these properties 

•  Key Lemma (Batcher, 1968):  If A is bitonic and if 
— A’ = min(A1, An/2+1), …, min(An/2, An) 
— A’’ = max(A1, An/2+1), …, max(An/2, An) 

   Then A’ and A’’ are both bitonic, and max(A’) <= min(A’’) 
(For simplicity, we assume here that n is a power of 2) 

Notes on Bitonic Merge Sort

Scott B. Baden
Department of Computer Science and Engineering

University of California, San Diego

Problem: Given a list x = (x0, x1, ..., xn+1) of n elements, produce a new list x′ = (xi0 , xi1 , ..., xin−1)
such that xij ≤ xik when j < k and pi = (i0, i1, ..., in−1) is a permutation vector describing how
indices of x are mapped to x′.

Definition:
A bitonic sequence is a sequence of numbers x0, x1...xn−1 with the following properties:

1. There exists an index i where 0 ≤ i ≤ n− 1 such that

a0 ≤ a1 ≤ ... ≤ ai and ai ≥ ai + 1 ≥ ... ≥ an−1

2. We may cyclically shift the ai such that (1) is true.

Figure 1: Examples of bitonic sequences.

1
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Batcherʼs Bitonic Sort Parallel Algorithm 
(contd)


•  Key consequences of lemma 
•  sortb(A): If A is a bitonic sequence, then it can be recursively 

sorted as follows: 
1. Compute A’ and A’’ as shown earlier for ascending sort of A 

(otherwise swap min and max) 
2. Recursively call sortb on A’ and A’’ (both must be bitonic) 
3. Return A = concat(sortb(A’), sortb(A’’)) 

•  sort(A): Convert an arbitrary array A into a bitonic sequence 
and then sort it, as follows: 
A.  Sort A[1 … n/2] in ascending order (recursive call to sort) 
B.  Sort A[n/2+1 … n] in descending order (recursive call to sort) 
C.  If the above sorts are done in-place, then resulting A must be 

bitonic and we can call sortb(A) 
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Putting it Together as an HJ Parallel 
Program


void sortb(final int[] A, final int low, final int high, boolean asc) {

  if ( high-low > 1 ) {

    final int mid = (low + high)/2 ;

    final int size = high – low + 1;

    forall (point[i]:[low:mid]) compareSwap(A, i, i+size/2, asc);

    finish {

      async sortb(A, low, mid, asc); async sortb(A, mid+1, high, asc);

    } // finish

  } // if

} // sortb


void sort (final int[] A, final int low, final int high, boolean asc) {

  if ( high-low > 1 ) {

    finish {

      final int mid = (low + high)/2 ;

      async sort(A, low, mid, asc); async sort(A, mid+1, high, !asc);

    } // finish

    sortb(A, low, high, asc); // asc = true is for ascending order

  } // if

} // sort
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Example for n=8 (Figure 4.6, pg 105)
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Summary of Todayʼs Lecture

•  Barrier statement and its uses 

— “next” in HJ, “barrier” in Peril-L 

•  “async” statement 
•  “finish” statement 
•  “async” expression (future) 
•  “force” expression 
•  Bitonic Sort parallel algorithm 


