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! J+"0,K

! L'%"%8)#)8"0%#+*"*)+#%*+%&',7/):'%."/"00'0),8
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! O'/)0A!%9,',%D%",%)*,%#+*"*)+#%;+/%,7"0"/%
7+8.9*"*)+#C%:9*%"#$%,7"0"/%0"#<9"<'%),%PQ%

! F&M"#*"<',

! R'00%4#+3#%"#&%;"8)0)"/

! D".":0'%+;%,*"#&"/&%+.'/"*)+#,%S%:)*%*3)&&0)#<

! G),"&M"#*"<',

! T+3%0'M'0

! U+%<++&)',%0)4'%PP

N2),%),%#+*%*2'%3"$%*+%&',)<#%"%VV%0"#<9"<'

! N2'%:",)7%;+/8%+;%."/"00'0),8%),%"%*2/'"&

! N2/'"&,%"/'%,.'7)('&%:$

! W'8"#*)7,K%,."3#%"%*2/'"&,%/9##)#<%#$%&

forall 
       <int var> in ( <index range spec> ) {<body>  }

forall thID in (1..12) {
    printf("Hello, World, from thread %i\n", thID);
}

Xindex range specY%),%"#$%/'",+#":0'%=+/&'/'&>%#"8)#<



! N2/'"&,%'B'79*'%"*%*2')/%+3#%/"*'

! N2'%'B'79*)+#%/'0"*)+#,2).,%"8+#<%*2/'"&,%

"/'%#+*%4#+3#%+/%./'&)7*":0'%
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'B'79*)+#%9#*)0%"00%*2/'"&,%)#%)*,%forall%
"//)M'%*2'/'@%*2'#%*2'$H/'%"00%/'0'",'&

barrier;
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! T+7"0%!'8+/$%:'2"M',%0)4'%*2'%\F!%8+&'0

! J0+:"0%8'8+/$

! \'"&,%"/'%7+#79//'#*C%,+%890*).0'%./+7',,+/,%7"#%

/'"&%"%8'8+/$%0+7"*)+#%"*%*2'%,"8'%*)8'
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7"#%3/)*'%"%0+7"*)+#%"*%"%*)8'@%*2'%.+,,):)0)*$%+;%

890*).0'%./+7',,+/,%3/)*)#<%*+%"%0+7"*)+#%),%#+*%

72'74'&%"#&%);%)*%2"..'#,%*2'%/',90*%),%

6#%O\F!%*'/8)#+0+<$C%*2),%),%D\]RC%:9*%)*H,%#+*%"%O\F!

! W2"/'&%8'8+/$%./+</"8,%"/'%'B./',,):0'
! N2'%(/,*%='//+#'+9,>%D+9#*%^,%./+</"8%),

int *array, length, count, t;
  ... initalize globals here ...
forall thID in (0..t-1) {
   int i, length_per=length/t;
   int start=thID*length_per;
   for (i=start; i<start+length_per; i++) {
    if (array[i] == 3)
      count++;
    }
}



! O'/)0A!%),%#+*%"%,2"/'&%8'8+/$%8+&'0%

:'7"9,'K

! 6*%&),*)#<9),2',%:'*3''#%0+7"0%"#&%<0+:"0%8'8+/$%

7+,*,%-%*2"*H,%32$%)*H,%7"00'&%_<0+:"0`

! O'/)0A!%),%#+*%"%O\F!%:'7"9,'

! 6*%),%;+9#&'&%+#%*2'%DNF

! L$%&),*)#<9),2)#<%:'*3''#%0+7"0%"#&%<0+:"0%

8'8+/$C%)*%&),*)#<9),2',%*2')/%7+,*,

! 6*%),%",$#72/+#+9,

N2','%8"$%,''8%,9:*0'%:9*%*2'$%8"**'/

! N+%)#,9/'%*2'%'B709,)M'%3/)*'%O'/)0A!%2",

! N2'%,'8"#*)7,%"/'%*2"*%"%*2/'"&%7"#%'B'79*'%

XbodyY%+#0$%);%#+%+*2'/%*2/'"&%),%&+)#<%,+@%);%
,+8'%*2/'"&%),%'B'79*)#<C%*2'#%)*%89,*%3")*%

;+/%"77',,@%,'E9'#7)#<%*2/+9<2%exclusive%
8"$%#+*%:'%;")/

exclusive { <body> }

]B709,)M'%<)M',%:'2"M)+/C%#+*%8'72"#),8



! N2'%(#"0%=7+//'7*>%D+9#*%^,%./+</"8

int *array, length, count, t;
forall thID in (0..t-1) {
  int i, priv_count=0; len_per_th=length/t;
  int start=thID * len_per_th;
  for (i=start; i<start+len_per_th; i++) {
    if (array[i] == 3)
      priv_count++;
  }
  exclusive {count += priv_count; }
}

O"&&)#<%),%)//'0'M"#*%-%)*H,%)8.0'8'#*"*)+#

! !'8+/$%9,9"00$%3+/4,%0)4'%)#;+/8"*)+#K

! \'"&)#<%),%/'.'"*":0'%3Z+%_'8.*$)#<`%0+7"*)+#%

! R/)*)#<%),%/'.'"*":0'%3Z+%_(00)#<%9.`%0+7"*)+#

! !"**'/%3+/4,%&)?'/'#*0$

! N"4)#<%,+8'*2)#<%;/+8%0+7"*)+#%0'"M',%M"7998

! O0"7)#<%,+8'*2)#<%/'E9)/',%*2'%0+7"*)+#%:'%'8.*$

! a900Z]8.*$K%F..0)',%8"**'/%)&'"%*+%8'8+/$%
-%aZ]%M"/)":0',%2'0.%,'/)"0)1)#<

b,'%*2'%apostrophe’%,9cB%*+%)&'#*);$%aZ]



! F%0+7"*)+#%7"#%:'%/'"&%+#0$%);%)*H,%(00'&

! F%0+7"*)+#%7"#%:'%3/)**'#%+#0$%)*H,%'8.*$

! W72'&90)#<%,*"00'&%*2/'"&,%8"$%#+*%:'%;")/%

T+7"*)+#%7+#*'#*, d"/)":0'%\'"& d"/)":0'%R/)*'

]8.*$ W*"00 a)00%3ZM"09'

a900 ]8.*$%+;%M"09' W*"00

R'H00%(#&%9,',%;+/%*2),%#'B*%3''4

! F<</'<"*'%+.'/"*)+#,%9,'%FOT%,$#*"B

! \'&97'K%XopY!XoperandY%;+/%XopY%)#%efC%gC%SSC%VVC%
8"BC%8)#h@%",%)#%+/priv_sum

! W7"#K%XopY"XoperandY%;+/%XopY%)#%efC%gC%SSC%VVC%
8"BC%8)#h@%",%)#%+\local_finds

! N+%:'%.+/*":0'C%9,'%/'&97'%S%,7"#%/"*2'/%

*2"#%./+</"88)#<%*2'8
  exclusive {count += priv_count; } “WRONG”
  count = +/priv_count;  “RIGHT”

\'&97'ZW7"#%68.0$%W$#72/+#)1"*)+#



! R2'#%/'&97'Z,7"#%)#M+0M'%0+7"0%8'8+/$

! N2'%0+7"0%),%",,)<#'&%*2'%<0+:"0%,98%

! N2),%),%"#%)8.0)'&%:/+"&7",*

! N2'%0+7"0%),%",,)<#'&%*2'%./'(B%,98%*+%*2"*%.*

▪ W+%+/&'/%=+;%*2'%;+/"00>%8"**'/,

! U+%)8.0)'&%:/+"&7",*

priv_count= +/priv_count;

priv_count= +\priv_count;

! O'/)0A!%),%"%.,'9&+A0"#<9"<'
! U+%)8.0'8'#*"*)+#%),%)8.0)'&C%*2+9<2%

.'/;+/8"#7'%),

! G),79,,K%i+3%'c7)'#*0$%7+90&%O'/)0A!%/9#%+#%
./'M)+9,0$%&),79,,'&%"/72)*'7*9/',5

! D!OC%W!O:9,C%W!OBA:"/C%D09,*'/C%L09'J'#'T

! a'"*9/',K%DC%N2/'"&,C%!'8+/$%=JZTZ;Z'>C%ZC%j



! N2'%.+)#*%+;%"%.,'9&+7+&'%),%*+%"00+3%&'*")0'&%

&),79,,)+#%+;%,9:*0'%./+</"88)#<%.+)#*,%

3)*2+9*%:')#<%:9/)'&%:$%*2'%'B*/"#'+9,%&'*")0

! N+%)009,*/"*'C%7+#,)&'/%,+8'%."/"00'0%

7+8.9*"*)+#,%-

! N/''%"779890"*'
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Idea: Let values percolate up 
based on availability in F/E 
memory

3 1 3 1 3 1 3 1 3 1 3 1 3 1 3 1

4 4 4 4 4 4 4 4

8 8 8 8

16 16

32

0 1 2 3 4 5 6 7 8 9 a b c d e f

index (in hex)



1  int nodeval'[P];                         Global full/empty vars to save right child val
2  forall ( index in (0..P-1) ) { 
3    int val2accum; int stride = 1;      val2accum: locally computed val 
4    nodeval'[index] = val2accum;          Assign initially to tree node 
5    while (stride < P) {                           Begin logic for tree 
6      if (index % (2*stride) == 0) {     
7         nodeval'[index]=nodeval'[index]+nodeval'[index+stride]; 
8         stride = 2*stride; 
9      } 
10    else { 
11       break;   Exit, if not now a parent 
12    } 
13  } 
14 } 

D"9*)+#K%N2),%)8.0'8'#*"*)+#%),%3/+#<%-

1  int nodeval'[P];                         Global full/empty vars to save right child val
2  forall ( index in (0..P-1) ) { 
3    int val2accum; int stride = 1;      val2accum: locally computed val 
4    nodeval'[index] = val2accum;          Assign initially to tree node 
5    while (stride < P) {                           Begin logic for tree 
6      if (index % (2*stride) == 0) {     
7         nodeval'[index]=nodeval'[index]+nodeval'[index+stride]; 
8         stride = 2*stride; 
9      } 
10    else { 
11       break;   Exit, if not now a parent 
12    } 
13  } 
14 } 

D"9*)+#K%N2),%)8.0'8'#*"*)+#%),%3/+#<%-

8 9   

0 1

3 1

4 1

index

Odd?

time   
nodeval’  



%
0 1 2 3 4 5 6 7 8 9 a b c d e f

index (in hex)

0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
index % (2 * stride)

3 1 3 1 3 1 3 1 3 1 3 1 3 1 3 1

4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 1

! 1 4 1 ! 1 4 1 ! 1 4 1 ! 1 4 1

"# 1 4 1 8 1 4 1 "# 1 4 1 8 1 4 1

$% 1 4 1 8 1 4 1 16 1 4 1 8 1 4 1

nodeval[index]

D"9*)+#K%N2),%)8.0'8'#*"*)+#%),%3/+#<%-

%
0 1 2 3 4 5 6 7 8 9 a b c d e f

index (in hex)

0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
index % (2 * stride)

3 1 3 1 3 1 3 1 3 1 3 1 3 1 3 1

4 1 & 1 4 1 4 1 4 1 4 1 4 1 4 1

' 1 4 1 ! 1 4 1 ! 1 4 1 ! 1 4 1

"# 1 4 1 8 1 4 1 "# 1 4 1 8 1 4 1

$% 1 4 1 8 1 4 1 16 1 4 1 8 1 4 1

nodeval[index]

D"9*)+#K%N2),%)8.0'8'#*"*)+#%),%3/+#<%-



1  int nodeval'[P];                         Global full/empty vars to save right child val
2  forall ( index in (0..P-1) ) { 
3    int val2accum; int stride = 1;      val2accum: locally computed val 
4    nodeval'[index] = val2accum;          Assign initially to tree node 
5    while (stride < P) {                           Begin logic for tree 
6      if (index % (2*stride) == 0) {     
7         nodeval'[index]=nodeval'[index]+nodeval'[index+stride]; 
8         stride = 2*stride; 
9      } 
10    else { 
11       break;   Exit, if not now a parent 
12    } 
12.5 barrier;
13  } 
14 } 

%
0 1 2 3 4 5 6 7 8 9 a b c d e f

index (in hex)

0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
index % (2 * stride)

$ " $ " $ " $ " $ " $ " $ " $ "

4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 1

! 1 4 1 ! 1 4 1 ! 1 4 1 ! 1 4 1

"# 1 4 1 8 1 4 1 "# 1 4 1 8 1 4 1

$% 1 4 1 8 1 4 1 16 1 4 1 8 1 4 1

nodeval[index]



! 6#%8"#$%.0"7',%:"//)'/,%"/'%',,'#*)"0%*+%*2'%

0+<)7%+;%"%7+8.9*"*)+#C%:9*%-

! 6#%8"#$%7",',%*2'$%"/'%I9,*%"#%

)8.0'8'#*"*)+#"0%&'M)7'%*+%+M'/7+8'%=;+/%

'B"8.0'>%;"0,'%&'.'#&'#7',

! FM+)&%*2'8%32'#%.+,,):0'

! N2'$%;+/7'%*2'%VVA),8%*+%&/+.%*+%1'/+

! P;*'#%7+,*0$%'M'#%32'#%"00%*2/'"&,%"//)M'%"*%+#7'

02/23/11 27

1  int nodeval'[P];                        Global full/empty vars to save right child val
2  forall ( index in (0..P-1) ) { 
3    int val2accum;   int stride = 1;            
4    while (stride < P) {                          Begin logic for tree 
5       if (index % (2*stride) == 0) {     
6          val2accum=val2accum+nodeval'[index+stride]; 
7          stride = 2*stride; 
8       } 
9       else { 
10        nodeval'[index]=val2accum;      Assign val to F/E memory
11        break;                                                   Exit, if not now a parent 
12     } 
13    }
14 } 



%

3 1 2 2 2 2 3 1 2 2 3 1 3 1 2 2

0 1 2 3 4 5 6 7 8 9 a b c d e f

4 1 4 1 4 1 4 1 4 1 4 1 4 1 4 1

index (in hex)

0 1 0 1 0 1 0 1 0 1 0 1 0 1 0 1
index % (2 * stride)

8 1 4 1 8 1 4 1 8 1 4 1 8 1 4 1

16 1 4 1 8 1 4 1 16 1 4 1 8 1 4 1

32 1 4 1 8 1 4 1 16 1 4 1 8 1 4 1

nodeval[index]

! L+*2%*2'%,$#72/+#+9,%"#&%",$#72/+#+9,%

"779890"*',%"/'%"M")0":0'%*+%9,C%:9*%3'%

9,9"00$%./';'/%*2'%",$#72%,+09*)+#

! U+*)7'%*2"*%*2'%",$#72%,+09*)+#%9,',%&"*"%

"M")0":)0)*$%",%)*,%;+/8%+;%,$#72/+#)1"*)+#

02/23/11 30



! D+8.9*"*)+#,%#''&%*+%:'%/'7+#7'.*9"0)1'&%

*+%:'%'?'7*)M'%."/"00'0%7+8.9*"*)+#,
! N2/''%7",',%*+%7+#,)&'/

! b#0)8)*'&%."/"00'0),8%AA%),,9'%),%</")#%

! a)B'&%VV),8%AA%),,9'%),%.'/;+/8"#7'

! W7"0":0'%."/"00'0),8%AA%<'*%"00%.'/;+/8"#7'%*2"*%
),%'()*+,-+./"#&/#0+*%/+1/2(3+#+*+-&

! D+#,)&'/%*2'%*2/''%",%"#%'B'/7),'%)#

! T'"/#)#<%O'/)0A!

! F,,98'%"%0)#'"/%,'E9'#7'%+;%/'7+/&,%*+%:'%

"0.2":'*)1'&

! N'72#)7"00$C%*2),%),%."/"00'0%,+/*)#<C%:9*%*2'%;900%

&),79,,)+#%+#%,+/*)#<%89,*%3")*

! W+09*)+#,

! b#0)8)*'&K%P&&Z]M'#

! a)B'&K%T+7"0%F0.2":'*)1'

! W7"0":0'K%L"*72'/H,%W+/*



 1  bool continue = true; 
 2  rec L[n];                                         The data is global 
 3  while (continue) do {
 4    forall (i in (1:n-2:2)){       Stride by 2 
 5    rec temp; 
 6    if (strcmp(L[i].x,L[i+1].x)>0){ Is o/even pair misordered? 
 7         temp   = L[i];                       Yes,fix 
 8         L[i]   = L[i+1]; 
 9         L[i+1] = temp; 
10     } 
11   }

G"*"%),%/';'/'#7'&%<0+:"00$

12   forall (i in (0:n-2:2))   {   Stride by 2 
13     rec temp; 
14     bool done = true;                       Set up for termination test
15     if (strcmp(L[i].x,L[i+1].x)>0){ Is e/odd pair misordered? 
16        temp   = L[i];                          Yes, interchange 
17        L[i]   = L[i+1]; 
18        L[i+1] = temp; 
19        done   = false;                        Not done yet 
20     } 
21     continue= !(&&/ done);           Were any changes made? 
22   } 
23 }



! R'%"/'%)009,*/"*)#<%*2'%O'/)0AT%#+*"*)+#%;+/%

3/)*)#<%8"72)#'Z0"#<9"<'%)#&'.'#&'#*%

."/"00'0%./+</"8,

! N2'%_9#0)8)*'&%."/"00'0%,+09*)+#`%),%PZ]%W+/*

▪ F00%&"*"%/';'/'#7',%3'/'%*+%<0+:"0%&"*"

▪ N2/'"&,%,."3#'&%;+/%'"72%2"0;%,*'.

▪ 6#'?'7*)M'%9,'%+;%."/"00'0),8%/'E9)/)#<%*2/'"&,%*+%:'%

7/'"*'&%"#&%)8.0'8'#*'&%0)*'/"00$

! U+3%7+#,)&'/%"%_(B'&%."/"00'0%,+09*)+#`

! O+,*90"*'%"%./+7',,%;+/%2"#&0)#<%'"72%0'**'/%+;%

*2'%"0.2":'*%AA%kl%T"*)#%0'**'/,

! T+<)7

! O/+7',,',%,7"#%/'7+/&,%7+9#*)#<%2+3%8"#$%

/'7+/&,%,*"/*%3Z*2')/%0'**'/%2"#&0'

! F00+7"*'%,*+/"<'%;+/%*2+,'%/'7+/&,C%</":%S%,+/*%

! W7"#%*+%(#&%2+3%8"#$%/'7+/&,%"2'"&%./'7'&'%



! !+M'%0+7"00$

! W+/*
! \'*9/#

P0 P1 P2 P3 P4 P5 P6 P7

1  rec L[n];                     The data is global 
2  forall (index in (0..25)) {       A thread for each letter 
3    int myAllo = mySize(L, 0);      Number of local items 
4    rec LocL[] = localize(L[]);    Make data locally ref-able 
5    int counts[26] = 0;          Count # of each letter 
6    int i, j, startPt, myLet; 
7    for (i=0; i<myAllo; i++)  {    Count number w/each letter
8        counts[letRank(charAt(LocL[i].x,0))]++; 
9    } 
10  counts[index] = +/ counts[index]; Figure no. of each letter 
11  myLet = counts[index];       Number of records of my letter 
12  rec Temp[myLet];             Alloc local mem for records 



13    j = 0;                      Index for local array 
14    for(i=0; i<n; i++) {                  Grab records for local "betize
15      if(index==letRank(charAt(L[i].x,0))) 
16         Temp[j++]= L[i];                      Save record locally 
17    } 
18    alphabetizeInPlace(Temp[]);    Alphabetize within this letter
19    startPt=+\myLet;                           Scan counts # records ahead 
                                  of these@%scan synchs, so 
                                  OK to overwrite L, post-sort
20    j=startPt-myLet;                           Find my start index in global
21    for(i=0; i<count; i++){            Return records to global mem 
22      L[j++]=Temp[i]; 
23    }
24 }

! L"*72'/H,%"0<+/)*28%AA%#+*%":,+09*'%:',*C%:9*%

)009,*/"*',%"%&/"8"*)7%."/"&)<8%,2);*

! L)*+#)7%W+/*%),%:",'&%+#%"%:)*+#)7%,'E9'#7'K

! "%,'E9'#7'%3)*2%)#7/'",)#<%"#&%&'7/'",)#<%

,9:,'E9'#7',

! !'/<)#<%k%,+/*'&%,'E9'#7',%8"4',%:)*+#)7

Ascending        Descending              Lower                 Upper
                                                          Bitonic                Bitonic



W4).%/'79/,)M'%,*"/*@%
,*"/*%3Z%0+7"0%,+/*

D+#*/+0%:$%*2/'"&%6G%
+;%.")/'&%./+7',,',

=4C%>%7+#*/+0,%)*K%,*"/*%
"*%=ACm>C%%%7+9#*,%
9.C%4%&+3#%;/+8%
%An

4%o%./+7',,%.")/,
%%o%&)/'7*)+#%),%%*2%:)*

%
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! F,,98.*)+#K%k3%./+7',,',C%",7'#&)#<%/',90*

! T'"M'%&"*"%)#%.0"7'%<0+:"00$C%(#&%.+,)*)+#

! \';'/'#7'%&"*"%0+7"00$C%,"$%"%)*'8,

! D/'"*'%=4'$C%)#.9*%.+,)*)+#>%.")/,%S%,+/*%*2','

! O/+7',,',%"/'%",$#72C%*2+9<2%"0<%),%,$#72/+#+9,

! ]"72%./+7',,%2",%"%:9?'/%+;%,)1'%"%*+%'B72"#<'%&"*"%AA%3/)*'%*+%

#')<2:+/H,%:9?'/

! b,'%aZ]%M"/%*+%4#+3%32'#%*+%3/)*'%=+*2'/%:9?'/%'8.*$>%"#&%

32'#%*+%/'"&%=8$%:9?'/%;900>

! !'/<'%*+%4''.%=0+%+/%2)>%2"0;%&"*"C%"#&%)#,9/'%,+/*'&%

! J+%*)00%7+#*/+0%M"09',%'#&@%9,'%)#&'B%*+%</":%+/)<)#"0%/'7

! b,'%+#'%:9?'/%.'/%./+7',,+/%.09,%*3+%aZ]%

M"/)":0',K%;/''p%"#&%/'"&$p

! ;/''p%),%;900%32'#%#')<2:+/H,%:9?'/%7"#%:'%(00'&

! /'"&$p%),%'8.*$%9#*)0%0+7"0%:9?'/%),%(00'&

Pj

free' ready' 
BufK

Pi

free' ready' 
BufK



! b,'%+#'%:9?'/%.'/%./+7',,+/%.09,%*+%aZ]%

M"/)":0',K%;/''p%"#&%/'"&$p

! ;/''p%),%;900%32'#%#')<2:+/H,%:9?'/%7"#%:'%(00'&

! /'"&$p%),%'8.*$%9#*)0%0+7"0%:9?'/%),%(00'&

Pj

free' ready' 
BufK

Pi

free' ready' 
BufK

! b,'%+#'%:9?'/%.'/%./+7',,+/%.09,%*+%aZ]%

M"/)":0',K%;/''p%"#&%/'"&$p

! ;/''p%),%;900%32'#%#')<2:+/H,%:9?'/%7"#%:'%(00'&

! /'"&$p%),%'8.*$%9#*)0%0+7"0%:9?'/%),%(00'&

Pj

free' ready' 
BufK

Pi

free' ready' 
BufK



! b,'%+#'%:9?'/%.'/%./+7',,+/%.09,%*+%aZ]%

M"/)":0',K%;/''p%"#&%/'"&$p

! ;/''p%),%;900%32'#%#')<2:+/H,%:9?'/%7"#%:'%(00'&

! /'"&$p%),%'8.*$%9#*)0%0+7"0%:9?'/%),%(00'&

Pj

free' ready' 
BufK

Pi

free' ready' 
BufK

! b,'%+#'%:9?'/%.'/%./+7',,+/%.09,%*+%aZ]%

M"/)":0',K%;/''p%"#&%/'"&$p

! ;/''p%),%;900%32'#%#')<2:+/H,%:9?'/%7"#%:'%(00'&

! /'"&$p%),%'8.*$%9#*)0%0+7"0%:9?'/%),%(00'&

Pj

free' ready' 
BufK

Pi

free' ready' 
BufK



20    alphabetizeInPlace(K[],bit(index,0)); Local sort, up or
                                       down based on bit 0 
21    for(d=1; d<=m; d++)  {                   Main loop, m phases 
22      for(p=d-1; p<0; p--)  {               Define p for each%sub-phase 
23         stall=free'[neigh(index,p)];  Stall till I can give data 
24         for(i=0; i<size; i++)  {           Send my data to/neighbor
25            BufK[neigh(index,p)][i]=K[i];         
26         } 
27         ready'[neigh(index,p)]=true;   Release neighbor to go
28         stall=ready'[index];                    Stall till my data is ready 
29         …  Merge two buffers, keeping half
30       }
31    }

! G'*")0,%"/'%)#%*2'%:++4%-

! G),79,,)+#%q9',*)+#K%R2"*C%);%"#$C%),%*2'%

/'0"*)+#,2).%:'*3''#%L)*+#)7%W+/*%"#&%q9)74%

W+/*5

! 2**.KZZ333r*++0,A+;A7+8.9*)#<r7+8Z*7ZDWZ

W+/*,Z:)*+#)7[,+/*r2*8



! N2'%)&'"%+;%,'#&)#<%&"*"%*+%32'/'%)*%:'0+#<,%

),%"%<++&%+#'%-%*2'%a)B'&%W+09*)+#%3+/4,%+9*%
32'/'%*2"*%),C%"#&%L"*72'/H,%W+/*%9,',%"%
<'#'/"0%,72'8'

! D"#%3'%(<9/'%*2),%+9*%3)*2%0',,%3+/45

! ],*)8"*'%32'/'%*2'%&"*"%<+',%:$%,"8.0)#<%

! W'#&%"%/"#&+8%,"8.0)#<%+;%"%,8"00%#98:'/%=0+<%

15>%+;%M"09',%;/+8%'"72%./+7',,%*+%4m
! 4m%,+/*,%*2'%M"09',%"#&%.)74,%*2'%5An%_79*%.+)#*,`C%

W"8.0'%,)1'%&'.'#&,%+#%*2'%M"09',%+;%1%"#&%5

! F;*'/%/'7')M)#<%*2'%_79*%.+)#*,`%'"72%

./+7',,-

! W'#&,%)*,%M"09',%*+%*2'%./+7',,%/',.+#,):0'%;+/%

'"72%/"#<'

! ]"72%./+7',,%,+/*,

! F%,7"#%+;%*2'%"7*9"0%7+9#*,%7"#%.0"7'%*2'%_79*%

.+)#*,`%)#*+%*2'%/)<2*%./+7',,',%

! F#%"&I9,*8'#*%.2",'%_,7++72',`%*2'%M"09',%)#*+%

(#"0%.+,)*)+#



! O'/)0AT%),%"%9,';90%#+*"*)+#%;+/%,4'*72)#<%"%

,+09*)+#%s%$+9%3)00%./+:":0$%)8.0'8'#*%)*%3Z+%

8972%0"#<9"<'%,9..+/*

! 6&'"00$C%3'%,2+90&%2"M'%0"#<9"<'%,9..+/*

! i+.';900$C%)*%2'0.,%3+/4)#<%+9*%,9:*0'%.+)#*,C%0)4'%

,$#72/+#)1"*)+#%%:'2"M)+/

! %6#%"0<+/)*28%&',)<#C%8"B)8)1)#<%."/"00'0),8%

),%8972%0',,%)8.+/*"#*%*2"*%8)#)8)1)#<%

./+7',,A)#*'/"7*)+#,
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