
6.1 Introduction
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6.2 The di�culty of creating parallel
processing programs
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6.3 SISD, MIMD, SIMD, SPMD, and vector
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for

case switch
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addv.d

addv.d

addvs.d

addvs.d

lv sv

$s0
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$s1

        l.d      $f0, a($sp)       : load scalar a

        addiu    $t0, $s0, #512    : upper bound of what to load 

loop:   l.d      $f2, 0($s0)       : load x(i)

        mul.d    $f2, $f2, $f0     : a x x(i)

        l.d      $f4, 0($s1)       : load y(i)

        add.d    $f4, $f4, $f2     : a x x(i) + y(i)

        s.d      $f4, 0($s1)       : store into y(i)

        addiu    $s0, $s0, #8      : increment index to x

        addiu    $s1, $s1, #8      : increment index to y

        subu     $t1, $t0, $s0     : compute bound

        bne      $t1, $zero, loop  : check if done

        l.d      $f0, a($sp)       : load scalar a

        lv       $v1, 0($s0)       : load vector x

        mulvs.d  $v2, $v1, $f0     : vector-scalar multiply

        lv       $v3, 0($s1)       : load vector y

        addv.d   $v4, $v2, $v3     : add y to product

        sv       $v4, 0($s1)       : store the result

add.d

mul.d s.d add.d add.d mul.d

l.d
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6.4 Hardware multithreading
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6.5 Multicore and other shared memory
multiprocessors
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sum[Pn] = 0;

for (i = 1000 * Pn; i < 1000 * (Pn + 1); i += 1)

   sum[Pn] += A[i];                 /* sum the assigned areas */

i += 1 i = i + 1

i half

half = 64;                          /* 64 processors in multiprocessor */

do

   synch();                         /* wait for partial sum completion */

   if (half % 2 != 0 && Pn == 0)

      sum[0] += sum[half - 1];

                                    /* Conditional sum needed when half is

                                       odd; Processor0 gets missing element */

      half = half / 2;              /* dividing line on who sums */
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      if (Pn < half) 

         sum[Pn] += sum[Pn + half];

while (half > 1);                   /* exit with final sum in Sum[0] */

cc -fopenmp foo.c 
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#define #include

 

#define P 64                        /* define a constant that 

                                       we'll use a few times */ 

#pragma omp parallel num_threads(P) 

sum

#pragma omp parallel for

for (Pn = 0; Pn < P; Pn += 1)

   for (i = 0; 1000 * Pn; i < 1000 * (Pn + 1); i += 1)

      sum[Pn] += A[i];              /* sum the assigned areas */

#pragma omp parallel for reduction(+ : FinalSum)

for (i = 0; i < P; i += 1)

   FinalSum += sum[i];              /* Reduce to a single number */
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6.6 Introduction to graphics processing units
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6.7 Domain speci�c architectures
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6.8 Clusters, warehouse scale computers, and
other message-passing multiprocessors
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map(String key, String value):

     // key: document name

     // value: document contents

     for each word w in value:

     EmitIntermediate(w, "1");   // Produce list of all words 

reduce(String key, Iterator values):

// key: a word
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// values: a list of counts

     int result = 0;

     for each v in values:

     result += ParseInt(v);      // get integer from key-value pair

     Emit(AsString(result));

EmitIntermediate

ParseInt()
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6.9 Introduction to multiprocessor network
topologies
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6.10 Communicating to the outside world:
Cluster networking
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6.11 Multiprocessor benchmarks and
performance models
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6.12 Real stuff: TPUv3 Volta
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input, result

input, result
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6.13 Going faster: Multiple processors and
matrix multiply
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1  #include <x86intrin.h>

2  #define UNROLL (4)

3  #define BLOCKSIZE 32

4  void do_block (int n, int si, int sj, int sk,

5                 double *A, double *B, double *C)

6  { 

7     for ( int i = si; i < si + BLOCKSIZE; i += UNROLL * 8 )

8        for ( int j = sj; j < sj + BLOCKSIZE; j++ ) {

9           __m512d c[UNROLL];

10          for ( int r = 0; r < UNROLL; r++ )

11             c[r] = _mm512_load_pd(C + i + r * 8 + j * n);   //[ UNROLL];

12          

13          for( int k = sk; k < sk + BLOCKSIZE; k++ )

14          {

15             __m512d bb = _mm512_broadcastd_pd(_mm_load_sd(B + k + j * n));        

16             for (int r = 0; r < UNROLL; r++)

17                c[r] = _mm512_fmadd_pd(_mm512_load_pd(A+n*k+r*8+i), bb, c[r]);

18          }

19 

20          for ( int r = 0; r < UNROLL; r++ )

21             _mm512_store_pd(C + i + r * 4 + j * n, c[r]);

22       }

23 }

24

25 void dgemm (int n, double* A, double* B, double* C)

26 {

27 #pragma omp parallel for
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28    for ( int sj = 0; sj < n; sj += BLOCKSIZE )

29       for ( int si = 0; si < n; si += BLOCKSIZE )

30          for ( int sk = 0; sk < n; sk += BLOCKSIZE )

31             do_block(n, si, sj, sk, A, B, C);

32 }
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6.14 Fallacies and pitfalls
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6.15 Concluding remarks
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6.16 Historical perspective and further reading
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6.17 Self study
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6.18 Exercises

 
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










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

BinarySearch(A[0..N−1], X) {

   low = 0

   high = N - 1

   while (low <= high) {

      mid = (low + high) / 2










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      if (A[mid] > X)

         high = mid - 1

      else if (A[mid] < X)

         low = mid + 1

      else

         return mid         // found

   }

   return −1                // not found

}



for (j = 2; j < 1000; j++)

   D[j] = D[j − 1] + D[j − 2];

       li    $s0, 8000 

       add   $s1, $a0, $s0 

       addi  $s2, $a0, 16 

loop:  l.d   $f0, -16($s2) 

       l.d   $f2, -8($s2) 

       add.d $f4, $f0, $f2 

       s.d   $f4, 0($s2) 

       addi  $s2, $s2, 8 






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       bne   $s2, $s1, loop

j

move.d rd, rs

rs1 rd

mov, d

(x , y)

receive( )
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

Mergesort(m)

   var list left, right, result

   if length(m) ≤ 1

      return m 

   else

      var middle = length(m) / 2 

      for each x in m up to middle

         add x to left

      for each x in m after middle

         add x to right

      left = Mergesort(left)

      right = Mergesort(right)

      result = Merge(left, right)

      return result

Merge(left,right)

   var list result

   while length(left) > 0 and length(right) > 0

      if first(left) ≤ first(right)

         append first(left) to result


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         left = rest(left)

      else

         append first(right) to result

         right = rest(right)

   if length(left) > 0

      append rest(left) to result

   if length(right) > 0

      append rest(right) to result

   return result

 
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

x = 2;

y = 2;

w = x + y + 1; 

z = x + y;






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 

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

©zyBooks 05/16/25 23:52 2475274
Jaheim Attri

FIUEEL4709CSpring2025

zyBooks https://learn.zybooks.com/zybook/FIUEEL4709CSpring2025/chapter/6/print

114 of 121 5/16/2025, 11:52 PM







for (i = 0; i < 2000; i++) 

   for (j = 0; j < 3000; j++)

      X_array[i][j] = Y_array[j][i] + 200;




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



        l.d      $f0, a($sp)       : load scalar a

        addiu    $t0, $s0, #512    : upper bound of what to load 

loop:   l.d      $f2, 0($s0)       : load x(i)

        mul.d    $f2, $f2, $f0     : a x x(i)

        l.d      $f4, 0($s1)       : load y(i)

        add.d    $f4, $f4, $f2     : a x x(i) + y(i)

        s.d      $f4, 0($s1)       : store into y(i)

        addiu    $s0, $s0, #8      : increment index to x

        addiu    $s1, $s1, #8      : increment index to y

        subu     $t1, $t0, $s0     : compute bound

        bne      $t1, $zero, loop  : check if done
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

Row 1 [1, 2, 0, 0, 0, 0]

Row 2 [0, 0, 1, 1, 0, 0]

Row 3 [0, 0, 0, 0, 9, 0]

Row 4 [2, 0, 0, 0, 0, 2]

Row 5 [0, 0, 3, 3, 0, 7]

Row 6 [1, 3, 0, 0, 0, 1]

[2, 4, 1, 99, 7, 2]
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