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Lecture 7: Segmented Prefix Sums i
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Reminder: Segmented Prefix Sums

b: 110({0|1]0|0(1]0|0(0|0 |1

X : 412|13(1|2|3[3(]1]|2(1]2]|3

Y : 416/911|3|6|3(4|6|7|9]3

)X ifi=1
Vi = (Vie1 - (1 =by)+x;  ifi>1
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Generalized Segmented Scan

b: 110{0|1]0|0|1]0]|0]|0]|0
X : 41213(1(2(3|3|1]|2|1|2
Y : 416(911|3(6|3(4|6|7]9
Xy if i = 1
yi:{(yi1®b;)@x, if i > 1
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Generalized Segmented Scan

b : 110(0(110(0(110(01]01{0
X : 4121312331212
Y : 416|19|11|13(/6(3(4|6(71]9
X if i = 1
"Ny o ex ifi>1
<X>.(y>_ (X ® b2) ® y

b, b, by V by
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Generalized Segmented Scan

b : 110/01110(0|110]0(010
X : 41213111233 (1]|2[1]2
Y : 416(9(1(3|6|3(4|6|7|9
) x if i = 1
"Ny o ex ifi>1
<X>.(y>_ (X ® b2) ® y
b, b, by V by
Scan

yi={"
I Yi—1 D X;

if i =1
if i > 1
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Generalized Segmented Scan

b : 110/011]10(0|11010(0]0
X : 41213111233 (1]|2[1]2
Y : 416|1911|13(6(3(4|6(71]9
o X1 ifi=1
"Ny o ex ifi>1
XN (V). (x®b)DY
b, b, by V by
Scan

yi={"
I Yi—1 D X;

if i =1
if i > 1

(

(i)

(5) * (5)

i—1

if i =1
if i > 1
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Generalized Segmented Scan

p: [1[olo[1]o]o[1]ololol0[1]0
X - 4121311233121 |2|3]|1
v: [4]6]9|1][3][6]3[4[6]7]9|3]4
X ifi=1
Yi= (y,'_1 & b,) D X; if/i> 1
<x>.(y (xR b)) Dy
b1 bz - b1\/b2
Scan
[x ti=1] fo (5:) =1
T W ex il [T G e () = (Y >

i—1

1
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Generalized Segmented Scan
b: [1]ofJo[1oJo[1]oJoJolo[1]o]oTo

X : 4123111233 (1[|2(1[|2|3|1|2|1

Y : 416(9|1113|6|3(4|6(7]|9|(3(|4|6|7/

Scan
if i =1 | al ifj =1
Yi= 5 I I (l})/l’) - (}bi:—)1 X\ _ (|(Yi—1®b)Dxi T
Vi1 @ X 11> 1 ’ (b,’ 1) ° (b,-) = ( B, Vb; ) ifi>
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Generalized Segmented Scan
b: [1]ofJo[1oJo[1]oJoJolo[1]o]oTo

X : 4123111233 (1[|2(1[|2|3|1|2|1

Y : 416(9|1113|6|3(4|6(7]|9|(3(|4|6|7/

yi = X1 ifi=1
i o b) @ x| ifi >

(o) (0)= ("o ")
b; b,) by VV bs

Scan Segmented scan

X if i =1 ) - ) if i =1
T \yiex i1 [B7

b; b;_ VDb

(Yi—1) o (Xi) _ ((Yi—1®bi)@xi) ifi> 1
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Segmented scan via prefix sums

Scan

- X1 ifi=1
i = Vi1 @ xp it > 1

Segmented scan

{(X1) if i =1

b
)@ itis

I—1

Claim. e /s associative
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Segmented scan via prefix sums

Scan

if i =1 |
y{ =111y

Vi1 @ xp it > 1 j

Segmented scan

{@) if i =1

b
)@ itis

I—1

Claim. e /s associative

procedure PREFIX-SUMS(x[1..n])
if n < 1 then return

for i =1to 7 in parallel do
X'[i] = x[2i — 1] + x[2i]
PREFIX-SuMS(x'[1..3])
for i=1to 7 in parallel do
x[2i] = x'[i]
if i # 2 then
X[2i + 1] = x[2i + 1] + X'[J]
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Segmented scan via prefix sums

Scan Segmented scan

X4 ifi=11l,, () if j =1
=9y .y (&) =
Vi1 @ xp it > 1

L) e () it

I—1

b
Claim. e /s associative

procedure SCAN(x[1..n], )
if n < 1 then return

for i =1to 7 in parallel do
X'[1] = x[2i — 1] & x[2]]
SCAN(x'[1..5])
for i=1to 7 in parallel do
x[2i] = X'[i
if i # 2 then
X[2i +1] = x[2i + 1] ® x'[J]
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Segmented scan via prefix sums

Scan

if/ =1 |
YI={X1 o (77) =

Vi1 @ xp it > 1 ’

Segmented scan
() if i = 1

b
{ (5 1) e () ifi>1

I—1

Claim. e js associative

procedure SCAN(x[1..n], )
if n < 1 then return

for i =1to 7 in parallel do
X'[i] = x[2i — 1] ® x[2i]
SCAN(x'[1..5])
for i=1to 7 in parallel do
x[2i] = X'[i
if i # 2 then
X[2i +1] = x[2i + 1] ® x'[J]

procedure SEG-SCAN(x[1..n], b[1..n], )
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Segmented scan via prefix sums

Scan Segmented scan class PAIR
X if i = 1 ) (5) if i = 1 double first
Yi = Vi1 ® X 0> b)) = (J&:) o (Z) if i > 1 bit second
Claim. e /s associative
procedure SCAN(x[1..n], ®) procedure SEG-SCAN(x[1..n], b[1..n], )

if n < 1 then return

for i =1to 7 in parallel do
X'[i] = x[2i — 1] ® x[2i]

SCAN(x'[1..5])

for i=1to 7 in parallel do
x[2i] = X'[i
if i # 2 then

X[2i +1] = x[2i + 1] ® x'[J]
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Segmented scan via prefix sums

Scan

5 X1 ifi=1
Yy >

Segmented scan class PAIR
(2) if i = 1 double first
(2,2_1) ~ (g,) |f I > 1 blt Second

Claim. e js associative

procedure SCAN(x[1..n], )
if n < 1 then return

for i =1to 7 in parallel do
X'[i] = x[2i — 1] ® x[2i]

SCAN(x'[1..5])

for i=1to 7 in parallel do

X[2i] = X'[i
if i 7 then

X[2i +1] = x[2i + 1] © x'[i]

procedure SEG-SCAN(x[1..n], b[1..n], )
X[1..n] = new array of PAIRS
for i = 1 to nin parallel do
X[i].first = x[i]
X[/].second = bli]
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Segmented scan via prefix sums

Sca

Yy >

n

if i =1

(&

/

)

Segmented scan “lass PAIR
(21) if i =1 double first
() e (X)) P> bit second

Claim. e js associative

procedure SCAN(x[1..n], )
if n < 1 then return

for i =1to 7 in parallel do
X'[i] = x[2i — 1] ® x[2i]

SCAN(x'[1..5])

for i=1to 7 in parallel do

X[2i] = X'[i
if i 7 the

n

X[2i +1] = x[2i + 1] © x'[i]

procedure SEG-SCAN(x[1..n], b[1..n], )
X[1..n] = new array of PAIRS
for i = 1 to nin parallel do
X[i].first = x[i]
X[/].second = bli]
operator e(PAIR, PAIR, &)
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Segmented scan via prefix sums

Scan

5 X1 ifi=1
Yy >

Segmented scan class PAIR
(2) if i = 1 double first
(2,2_1) ~ (g,) |f I > 1 blt Second

Claim. e js associative

procedure SCAN(x[1..n], )
if n < 1 then return

for i =1to 7 in parallel do
X'[i] = x[2i — 1] ® x[2i]

SCAN(x'[1..5])

for i=1to 7 in parallel do

X[2i] = X'[i
if i 7 then

X[2i +1] = x[2i + 1] © x'[i]

procedure SEG-SCAN(x[1..n], b[1..n], )
X[1..n] = new array of PAIRS
for i = 1 to nin parallel do
X[i].first = x[i]
X[/].second = bli]
operator e(PAIR, PAIR, &)
SCAN(X[1..n], e)
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Segmented scan via prefix sums

Scan

- X1 ifi=1
Yy >

Segmented scan class PAIR
(2) if i = 1 double first
(2,2_1) . (),,f) if > 1 bit second

Claim. e js associative

procedure SCAN(x[1..n], )
if n < 1 then return

for i =1to 7 in parallel do
X'[i] = x[2i — 1] ® x[2i]

SCAN(x'[1..5])

for i=1to 7 in parallel do

X[2i] = X'[i
if i 7 then

X[2i +1] = x[2i + 1] © x'[i]

procedure SEG-SCAN(x[1..n], b[1..n], )
X[1..n] = new array of PAIRS
for i = 1 to nin parallel do
X[i].first = x[i]
X[i].second = b[i]
operator e(PAIR, PAIR, &)
SCAN(X[1..n], e)
for i = 1 to nin parallel do
x[i] = X[i].first
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Defining e

o: (Rx{0,1}) x (Rx{0,1}) = (Rx{0,1})

®:Rx{0,1} - R

X fb=0
XX b .
{l@ |fb=1




Defining e

o: (Rx{0,1}) x (Rx{0,1}) = (Rx{0,1})

®:Rx{0,1} - R

X fb=0
XX b .
{l@ |fb=1




Defining e

o: (Rx{0,1}) x (Rx {0,1}) = (R x {0,1})

) = (<L)

b1V bo

operator e( PAIR X, PAIR y, operator @)
Z = new PAIR
if y.second = 0 then
z.first = x.first @ y.first
else
z.first = Iy @ y.first

®:Rx{0,1} - R

x ifb=0
X® b= _
{I@ ifb=1
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Defining e

o: (Rx{0,1}) x (Rx {0,1}) = (R x {0,1})

( ) = (<L)

b1V bo

operator e( PAIR X, PAIR y, operator @)
Z = new PAIR
if y.second = 0 then
z.first = x.first @ y.first
else
z.first = Iy @ y.first

z.second = x.second V y.second

®:Rx{0,1} - R

x ifb=0
X® b= _
{I@ ifb=1
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Defining e

o: (Rx{0,1}) x (Rx {0,1}) = (R x {0,1})

( ) = (<L)

b1V bo

operator e( PAIR X, PAIR y, operator @)
Z = new PAIR
if y.second = 0 then
z.first = x.first @ y.first
else
z.first = Iy @ y.first

z.second = x.second V y.second
return z

®:Rx{0,1} - R

x ifb=0
X® b= _
{I@ ifb=1
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Defining e

o: (Rx{0,1}) x (Rx {0,1}) = (R x {0,1})

( ) = (<L)

b1V bo

operator e( PAIR X, PAIR y, operator @)
Z = hew PAIR
if y.second = 0 then
z.first = x.first @ y.first
else
z.first = y.first

z.second = x.second V y.second
return z

®:Rx{0,1} - R

x ifb=0
X® b= _
{I@ ifb=1
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Defining Segmented Applications

s Define®: R xR — R
= Associative operator
o Left identity /g
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Defining Segmented Applications

s Define®: R xR — R
= Associative operator
o Left identity /g

= Run SEG-SCAN with operator &
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Segmented BROADCAST




Segmented BROADCAST




Segmented BROADCAST

A: x| x|x|ylylylylz|z

m Define®: R xR —-R
= Associative operator
« Left identity /g
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Segmented BROADCAST

operator COPY'(x, y)
if x = L then A XX\ X[ Yy y|jyiz|#
return y
else m Define®: R xR —-R
return x = Associative operator

« Left identity /g

s Define COPY . R xR — R
= Associative operator
» Leftidentity /g = L
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Segmented BROADCAST

operator COPY'(x, y)
if x = L then A XXX\ Y yjyjyizjz ww
return y
else m Define®: R xR —-R
return x = Associative operator

« Left identity /g

s Define COPY : R X R — R
» Associative operator v/ coPY(a, COPY(b, c)) = COPY(COPY(a, b), c)

o Leftidentity ls = L Vv coPY(L,x) = x
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Segmented BROADCAST

operator COPY'(x, y)
if x = L then A XXX\ Y yjyjyizjz ww
return y
else m Define®: R xR —-R
return x = Associative operator

« Left identity /g

s Define COPY : R X R — R
» Associative operator v/ coPY(a, COPY(b, c)) = COPY(COPY(a, b), c)

o Leftidentity ls = L Vv coPY(L,x) = x

SEG-BROADCAST(A[1..n], b[1..n])
SEG-SCAN(A[1..n], b[1..n], COPY’)
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Segmented BROADCAST

return x

operator COPY'(x, y)
if x = | then A X|XxX|x|y|ylyly|lz|lz|ww
return y
else # Defne®: R xR —=R

= Associative operator
» Left identity /g

s Define COPY : R X R — R
= Associative operator vV C
. Leftidentity ln = L V/ ©

SEG-BROADCAST(A[1..n], b[1..n])
SEG-SCAN(A[1..n], b[1..n], COPY’)

procedure SEG-SCAN(x[1..n], b[1..n], B)

X[1..n] = new array of PAIRS

for i = 1 to nin parallel do
X[i].first = x[i]
X|[i].second = b[i]

operator ¢(PAIR, PAIR, BP)

SCAN(X[1..n], e)

for i = 1 to nin parallel do
x[i] = X[i].first
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QUICKSORT(A[1..n])




QUICKSORT(A[1..n])




QUICKSORT(A[1..n])




QUICKSORT(A[1..n])




QUICKSORT(A[1..n])

12

16

25

5

4

19

PARTITION(A[i..j])




QUICKSORT(A[1..n])

procedure QUICKSORT(A]I..j])
if /| < jthen

pivot = RANDOM(/, f)

SWAP(A[f], A[pivot])

Kk = PARTITION(A[/..f])

in parallel do
QUICKSORT(A[I..k — 1])
QUICKSORT(A[K + 1..]])

10

12|16|25

19

PARTITION(A[i..j])

54|10

12

16

25

19
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[/..f])
if /| < jthen
pivot = RANDOM(/, f)
SWAP(A[/], Alpivot])

10{12|16(25{ 5|4 (19| 8

k = PARTITION(A[i..j]) PARTITION(A[!../])
in parallel do
QUICKSORT(A[i..k — 1]) 8|5|4(10{12[16|25|19
QUICKSORT(A[k + 1..j]) ~ - o~
Recurse Recurse
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[/..f])
if /| < jthen
pivot = RANDOM(/, f)
SWAP(A[/], Alpivot])

10{12|16(25{ 5|4 (19| 8

k = PARTITION(A[i..j]) PARTITION(A[!../])
in parallel do
QUICKSORT(A[i..k — 1]) 8|5|4(10{12[16|25|19
QUICKSORT(A[k + 1..j]) ~ - o~
Recurse Recurse

415|8 12|16(19|25
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[/..f])
if /| < jthen
pivot = RANDOM(/, f)
SWAP(A[/], Alpivot])

10{12|16(25{ 5|4 (19| 8

k = PARTITION(A[i..j]) PARTITION(A[!../])
in parallel do
QUICKSORT(A[i..k — 1]) 8|5|4(10{12[16|25|19
QUICKSORT(A[k + 1..j]) ~ - o~
Recurse Recurse

415|810{12{16|19|25
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[1..n])

segs = new array of n bits

for i = 2 to nin parallel do segs[i] =0

segs[1] = 1 > initialize segments

while not SORTED(A[1..n]) do
SEG-RANDOMIZE-PIVOTS(A, segs)
p[1..n] = SEG-PARTITION(A[1..n], segs[1..n])
UPDATE-SEGS(segs|[1..n], p[1..n])

10

12

16

25

19
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[1..n])

segs = new array of n bits
for i = 2 to nin parallel do segs[i] =0

segs[1] = 1 > initialize segments

10

12

16

25

19

while not SORTED(A[1..n]) do
SEG-RANDOMIZE-PIVOTS(A, segs)
p[1..n] = SEG-PARTITION(A[1..n], segs[1..n])

UPDATE-SEGS(segs|[1..n], p[1..n])

Nodari Sitchinava — Advanced Parallel Algorithms




QUICKSORT(A[1..n])

procedure QUICKSORT(A[1..n])

segs = new array of n bits
for i = 2 to nin parallel do segs[i] =0

segs[1] = 1 > initialize segments

10

12

16

25

19

while not SORTED(A[1..n]) do
SEG-RANDOMIZE-PIVOTS(A, segs)
p[1..n] = SEG-PARTITION(A[1..n], segs[1..n])

UPDATE-SEGS(segs|[1..n], p[1..n])
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[1..n])

segs = new array of n bits

for i = 2 to nin parallel do segs[i] =0

segs[1] = 1 > initialize segments

while not SORTED(A[1..n]) do
SEG-RANDOMIZE-PIVOTS(A, segs)
p[1..n] = SEG-PARTITION(A[1..n], segs[1..n])
UPDATE-SEGS(segs|[1..n], p[1..n])

10

12

16

25

19
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[1..n])
segs = new array of n bits
for i = 2 to nin parallel do segs[i] =0
segs[1] = 1 > initialize segments
while not SORTED(A[1..n]) do
SEG-RANDOMIZE-PIVOTS(A, segs)

10{12|16(25{ 5|4 (19| 8

p[1..n] = SEG-PARTITION(A[1..n], segs[1..n])

UPDATE-SEGS(segs|1..n], p[1..n])
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[1..n]) 1 n
segs = new array of n bits 1ol12[16l251 54 [19] 8
for i = 2 to nin parallel do segs[i] =0
segs[1] = 1 > initialize segments

while not SORTED(A[1..n]) do SEG-PARTITION(A, segs)

SEG-RANDOMIZE-PIVOTS(A, segs)
p[1..n] = SEG-PARTITION(A[1..n], segs[1..n]) 815(14|10{12(16]|25|19

UPDATE-SEGS(segs|1..n], p[1..n])
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[1..n]) 1 n
segs = new array of n bits 1ol12[16l251 54 [19] 8
for i = 2 to nin parallel do segs[i] =0
segs[1] = 1 > initialize segments

while not SORTED(A[1..n]) do SEG-PARTITION(A, segs)

SEG-RANDOMIZE-PIVOTS(A, segs)
p[1..n] = SEG-PARTITION(A[1..n], segs[1..n]) 85(14110{12(16]|25|19

UPDATE-SEGS(segs|1..n], p[1..n]) p:0 001 0O0O0DO
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[1..n]) 1 n
segs = new array of n bits 1ol12[16l251 54 [19] 8
for i = 2 to nin parallel do segs[i] =0
segs[1] = 1 > initialize segments

while not SORTED(A[1..n]) do SEG-PARTITION(A, segs)

SEG-RANDOMIZE-PIVOTS(A, segs)
p[1..n] = SEG-PARTITION(A[1..n], segs[1..n]) 85(14110{12(16]|25|19

UPDATE-SEGS(segs|1..n], p[1..n]) p:0 001 00 0O
UPDATE-SEGS(segs, p)
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[1..n]) 1 n
segs = new array of n bits 1ol12[16l251 54 [19] 8
for i = 2 to nin parallel do segs[i] =0
segs[1] = 1 > initialize segments

while not SORTED(A[1..n]) do SEG-PARTITION(A, segs)

SEG-RANDOMIZE-PIVOTS(A, segs)
p[1..n] = SEG-PARTITION(A[1..n], segs[1..n]) 85(14110{12(16]|25|19

UPDATE-SEGS(segs|1..n], p[1..n]) p:0 001 00 0O
UPDATE-SEGS(segs, p)

8(5|4|10(12{16|25(19
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[1..n]) 1 n
segs = new array of n bits 1ol12[16l251 54 [19] 8
for i = 2 to nin parallel do segs[i] =0
segs[1] = 1 > initialize segments

while not SORTED(A[1..n]) do SEG-PARTITION(A, segs)

SEG-RANDOMIZE-PIVOTS(A, segs)
p[1..n] = SEG-PARTITION(A[1..n], segs[1..n]) 85(14110{12(16]|25|19

UPDATE-SEGS(segs|1..n], p[1..n]) p:0 001 0O0O0DO
UPDATE-SEGS(segs, p)

procedure UPDATE-SEGS(segs[1..n], p[1..n]) 815|41[10/12/16/25(19
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[1..n]) 1 n
segs = new array of n bits 1ol12[16l251 54 [19] 8
for i = 2 to nin parallel do segs[i] =0
segs[1] = 1 > initialize segments

while not SORTED(A[1..n]) do SEG-PARTITION(A, segs)

SEG-RANDOMIZE-PIVOTS(A, segs)
p[1..n] = SEG-PARTITION(A[1..n], segs[1..n]) 85(14110{12(16]|25|19

UPDATE-SEGS(segs|1..n], p[1..n]) p:0 001 0O0O0DO
UPDATE-SEGS(segs, p)

procedure UPDATE-SEGS(segs[1..n], p[1..n]) 8151(41[10/12/16/25/19
for i = 1 to nin parallel do
if p[i] = 1 then
segs[i] = 1

segs[i+1] =1
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[1..n]) 1 n
segs = new array of n bits 1ol12[16l251 54 [19] 8
for i = 2 to nin parallel do segs[i] =0
segs[1] = 1 > initialize segments

while not SORTED(A[1..n]) do SEG-PARTITION(A, segs)

SEG-RANDOMIZE-PIVOTS(A, segs)
p[1..n] = SEG-PARTITION(A[1..n], segs[1..n]) 85(14110{12(16]|25|19

UPDATE-SEGS(segs|1..n], p[1..n]) p:0 001 0O0O0DO
UPDATE-SEGS(segs, p)

procedure UPDATE-SEGS(segs[1..n], p[1..n]) 8151(41[10/12/16/25/19
for i = 1 to nin parallel do
if p[i] = 1 then
segs[i] = 1
if /+1 < nthen
segs[i+ 1] =1
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[1..n]) 1 n
segs = new array of n bits 1ol12[16l251 54 [19] 8
for i = 2 to nin parallel do segs[i] =0
segs[1] = 1 > initialize segments

while not SORTED(A[1..n]) do SEG-PARTITION(A, segs)

SEG-RANDOMIZE-PIVOTS(A, segs)
p[1..n] = SEG-PARTITION(A[1..n], segs[1..n]) 85(14110{12(16]|25|19

UPDATE-SEGS(segs|1..n], p[1..n]) p:0 001 0O0O0DO
UPDATE-SEGS(segs, p)

procedure UPDATE-SEGS(segs[1..n], p[1..n]) 8151(41[10/12/16/25/19
for i = 1 to nin parallel do
if p[/] = 1 then Analysis:
segs[i] = 1
if /+1 < nthen
segs[i+ 1] =1
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QUICKSORT(A[1..n])

procedure QUICKSORT(A[1..n]) 1 n
segs = new array of n bits 1ol12[16l251 54 [19] 8
for i = 2 to nin parallel do segs[i] =0
segs[1] = 1 > initialize segments

while not SORTED(A[1..n]) do SEG-PARTITION(A, segs)

SEG-RANDOMIZE-PIVOTS(A, segs)
p[1..n] = SEG-PARTITION(A[1..n], segs[1..n]) 85(14110{12(16]|25|19

UPDATE-SEGS(segs|1..n], p[1..n]) p:0 001 0O0O0DO
UPDATE-SEGS(segs, p)

procedure UPDATE-SEGS(segs[1..n], p[1..n]) 815|41[10/12/16/25(19
for i = 1 to nin parallel do
if p[/] = 1 then Analysis:
segs[i] = 1 () = O(1
if i+1 < nthen (n) = (1)
segs[i + 1] = 1 W(n) = O(n)
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Checking Sortedness




Checking Sortedness

procedure SORTED(A[1..n])
sorted = new array of n — 1 booleans
fori=11ton—1in parallel do
if A[/] > A[/ + 1] then
sorted[i] = false
else
sorted[i] = true

SCAN(sorted[1..n — 1], AND)
return sorted[n — 1]

10

12

25

16

19
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Checking Sortedness

procedure SORTED(A[1..n])
sorted = new array of n — 1 booleans
fori=11ton—1in parallel do
if A[/] > A[/ + 1] then
sorted[i] = false
else
sorted[i] = true

SCAN(sorted[1..n — 1], AND)
return sorted[n — 1]
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Checking Sortedness

procedure SORTED(A[1..n])
sorted = new array of n — 1 booleans
fori=11ton—1in parallel do
if A[/] > A[/ + 1] then
sorted[i] = false
else
sorted[i] = true

SCAN(sorted[1..n — 1], AND)
return sorted[n — 1]
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Checking Sortedness

procedure SORTED(A[1..n])
sorted = new array of n — 1 booleans
fori=11ton—1in parallel do
if A[/] > A[/ + 1] then
sorted[i] = false
else
sorted[i] = true

SCAN(sorted[1..n — 1], AND)
return sorted[n — 1]
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Checking Sortedness

procedure SORTED(A[1..n])
sorted = new array of n — 1 booleans
fori=11ton—1in parallel do
if A[/] > A[/ + 1] then
sorted[i] = false
else
sorted[i] = true

SCAN(sorted[1..n — 1], AND)
return sorted[n — 1]
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Checking Sortedness

procedure SORTED(A[1..n])
sorted = new array of n — 1 booleans
fori=11ton—1in parallel do
if A[/] > A[/ + 1] then
sorted[i] = false
else
sorted[i] = true

SCAN(sorted[1..n — 1], AND)
return sorted[n — 1]
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Checking Sortedness

procedure SORTED(A[1..n])
sorted = new array of n — 1 booleans
fori=11ton—1in parallel do
if A[/] > A[/ + 1] then
sorted[i] = false
else
sorted[i] = true

SCAN(sorted[1..n — 1], AND)
return sorted[n — 1]
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Checking Sortedness

procedure SORTED(A[1..n])
sorted = new array of n — 1 booleans
fori=11ton—1in parallel do
if A[/] > A[/ + 1] then
sorted[i] = false
else
sorted[i] = true

SCAN(sorted[1..n — 1], AND)
return sorted[n — 1]

12

25

16

19

Nodari Sitchinava — Advanced Parallel Algorithms

1

1

0 000 OO




Checking Sortedness

procedure SORTED(A[1..n])
sorted = new array of n — 1 booleans
fori=11ton—1in parallel do
if A[/] > A[/ + 1] then
sorted[i] = false
else
sorted[i] = true

SCAN(sorted[1..n — 1], AND)
return sorted[n — 1]
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Checking Sortedness

procedure SORTED(A[1..n])
sorted = new array of n — 1 booleans
fori=11ton—1in parallel do
if A[/] > A[/ + 1] then
sorted[i] = false
else
sorted[i] = true

SCAN(sorted[1..n — 1], AND)
return sorted[n — 1]

12

25

16

19

Analysis:
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Checking Sortedness

procedure SORTED(A[1..n])
sorted = new array of n — 1 booleans
fori=11ton—1in parallel do
if A[/] > A[/ + 1] then
sorted[i] = false
else
sorted[i] = true v

SCAN(sorted[1..n — 1], AND)
return sorted[n — 1]

>

10

12

25

16

19

Analysis:
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Checking Sortedness

procedure SORTED(A[1..n])
sorted = new array of n — 1 booleans
fori=11ton—1in parallel do
if A[/] > A[/ + 1] then
sorted[i] = false

>

return sorted[n — 1]

5184 (10{12|25|16(19
1 01 1 1 0 1
(n=0(1) | 000

else
sorted|i] = true v
SCAN(sorted[1..n — 1], AND) -—

Analysis:
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Checking Sortedness

procedure SORTED(A[1..n])
sorted = new array of n — 1 booleans
fori=11ton—1in parallel do

>

12

25

16

19

5(8|4110
0

if A[i] > A[/ + 1] then
sorted[i] = false

else
sorted|i] = true v
SCAN(sorted[1..n — 1], AND) -—
return sorted[n — 1]

Analysis:

T(n) = O(log n)
W(n) = O(n)
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Segmented Partition

a[1oi2[ie[2s] 5[4 8 [7[1e[ 6 1
p [1o[1o[1ofro1o[10] s [8]&[8]s




Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])

pivots, flags = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then pivots[i] = A[/]

SEG-BROADCAST(pivots, segs)

10

12

16

25

19

18
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])

pivots, flags = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then pivots[i] = A[/]

SEG-BROADCAST(pivots, segs)
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])

pivots, flags = new arrays of size n
for i = 1 to nin parallel do

If segs[i] = 1 then pivots[i] = A[/]
SEG-BROADCAST(pivots, segs)
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10

10
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n
for i = 1 to nin parallel do

If segs[i] = 1 then pivots[i] = A[/]
SEG-BROADCAST(pivots, segs)

16

25

10

10
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Segmented Partition

pivots, flags = new arrays of size n
for i = 1 to nin parallel do

If segs[i] = 1 then pivots[i] = A[/]
SEG-BROADCAST(pivots, segs)

for i = 1 to nin parallel do
if A[/] < pivots|i] then flags][i] = 1
else flags[i] =0

procedure SEG-PARTITION(A[1..n], segs[1..n])

10
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16

25
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10

10
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then pivots[i] = A[/]
SEG-BROADCAST(pivots, segs)
for i = 1 to nin parallel do
if Al/] < pivots|i] then flags|i] = 1
else flags[i] = 0

16

25

10

10
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then pivots[i] = A[/]
SEG-BROADCAST(pivots, segs)
for i = 1 to nin parallel do
if Al/] < pivots|i] then flags|i] = 1
else flags[i] = 0

K[1..n] = SEG-FILTER(A[1..n], flags[1..n])

1 2

A110[12

16

25

p (1010

10

10

f11/0
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then pivots[i] = A[/]
SEG-BROADCAST(pivots, segs)
for i = 1 to nin parallel do
if Al/] < pivots|i] then flags|i] = 1
else flags[i] = 0
K[1..n] = SEG-FILTER(A[1..n], flags[1..n])

! 2

Al10[ 5

12

16

25

p (1010

10

10

10

fl11]1
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n

for i = 1 to nin parallel do

if segsi] = 1 then pivots[i] = A[/] Returns: sizes
SEG-BROADCAST(pivots, segs) of new partitions
for i = 1 to nin parallel do Details in Homework 3

if A[i] < pivots]|i] then flags]i] = 1 /

else flags[i] = 0 7

K[1..n] = SEG-FILTER(A[1..n], flags[1..n])

1 2 3 4 5 6

A|10] 5] 41]12{16|25

oo || OO0 |~
(oo BN I &

p |10(10{10({10|10(10

fil1/1{110{0(0{1|1]1]0
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n

for i = 1 to nin parallel do

If segs[i] = 1 then pivots[i] = A[/]

SEG-BROADCAST(pivots, segs)
for i = 1 to nin parallel do

if A[/] < pivots|i] then flags][i] = 1

Details in Homework 3

Returns: sizes
of new partitions

else flags[i] = 0 7
K[1..n] = SEG-FILTER(A[1..n], flags[1..n])
A 110 é Asf 142 156 265 573 ; é 1109 1118
p |10{10|10{10{10(10/8 |8 |8 |8 |8
f1111111010(0(1 1100
k|3 3
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then pivots[i] = A[/]
SEG-BROADCAST(pivots, segs)
for i = 1 to nin parallel do
if Al/] < pivots|i] then flags|i] = 1

Details in Homework 3

Returns: sizes
of new partitions

else flags[i] = 0 7
K[1..n] = SEG-FILTER(A[1..n], flags[1..n])
A 110 é Asf 142 156 265 573 ; é 1109 1”8
p |10{10|10{10{10(10/8 |8 |8 |8 |8
f1111111010(0(1 1100
k|3 3
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n

for i = 1 to nin parallel do

if segs[i] = 1 then pivots|i] = Ali] Returns: sizes
SEG-BROADCAST(pivots, segs) of new partitions
for i = 1 to nin parallel do Details in Homework 3
if A[i] < pivots]|i] then flags]i] = 1 /
else flags[i] =0 ] bivots
k[1..n] = SEG-FILTER(A[1..n], flags[1..n)) // \
A 110 é 431 142 156 265 é ; é 1109
p (10{10(10|10|10(10/8 | 8|8 |8
fl1]1]11{0{0(0[1]1(1]0
k|3 3
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then pivots[i] = A[/]
SEG-BROADCAST(pivots, segs)
for i = 1 to nin parallel do
if Al/] < pivots|i] then flags|i] = 1

Details in Homework 3

Returns: sizes
of new partitions

e

else flags[i] = 0 7 oivots
K[1..n] = SEG-FILTER(A[1..n], flags[1..n])
A 411 é 130 142 156 265 é ; é 1109 1”8
p |10{10|10{10{10(10/8 |8 |8 |8 |8
f1111111010(0(1 1100
k|3 3
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then pivots[i] = A[/]
SEG-BROADCAST(pivots, segs)
for i = 1 to nin parallel do
if Al/] < pivots|i] then flags|i] = 1

Details in Homework 3

Returns: sizes
of new partitions

e

else flags[i] = 0 7 oivots
K[1..n] = SEG-FILTER(A[1..n], flags[1..n])
for i = 1 to nin parallel do A4 15 |10j12[16[25]6 | 7 | 8 [19]18
p |10{10(10{10{10(10|{ 8|8 |8 |8 |8
If segs|[/] =1 then
SWAP(A[/], Ali + k[i] — 1]) P T]0]0]0]1]1]1]0)0
k|3 3
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procedure SEG-PARTITION segs = new array of n bits

pivots, flags = new arrl for j = 2 to n in parallel do segs]i] = 0
for / =1 to nin paralle

if segs[i] = 1 then [

segs[1] = 1 > initialize segments
while not SORTED(A[1..n]) do

SEG-BROADCAST(pivol SEG-RANDOMIZE-PIVOTS(A, segs)
for i =1to nin paralle p[1..n] = SEG-PARTITION(A[1..n], segs[1..n])
if A[/] < pivots[i]t UPDATE-SEGS(segs[1..n], p[1..n])
else flags[i] = 0 .
K[1..n] = SEG-FILTER(A[1..n], flags[1..n]) / \
for i = 1 to nin parallel do 415 [10)12]16/25 8] iie
8/8|8|8

If segs|[/] =1 then

sWAP(A[i], Ali + k[i] — 1])
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pivots, flags = new arrl for j = 2 to n in parallel do segs]i] = 0

for =1t nin paralle segs[1] = 1 > initialize segments
if segs|i] = 1 then ¢

while not SORTED(A[1..n]) do
SEG-BROADCAST(piVO! SEG-RANDOMIZE-PIVOTS(A, segs)
for/=110 ninparalle  p[1.n] = SEG-PARTITION(A[1..n], segs[1..n])
if Ali] < pivots[i]t UPDATE-SEGS(segs[1..n], p[1..n])
else flags[i] = 0 '
K[1..n] = SEG-FILTER(A[1..n], flags[1..n]) / \

for i = 1 to nin parallel do

If segs|[/] =1 then

sWAP(A[i], Ali + k[i] — 1])
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pivots, flags = new arrl for j = 2 to n in parallel do segs]i] = 0

for =1t nin paralle segs[1] = 1 > initialize segments
if segs|i] = 1 then ¢

while not SORTED(A[1..n]) do
SEG-BROADCAST(piVO! SEG-RANDOMIZE-PIVOTS(A, segs)
for/=110 ninparalle  p[1.n] = SEG-PARTITION(A[1..n], segs[1..n])
if Ali] < pivots[i]t UPDATE-SEGS(segs[1..n], p[1..n])
else flags[i] = 0 '
K[1..n] = SEG-FILTER(A[1..n], flags[1..n]) / \

pivotFlags = new array of size n
for i = 1 to nin parallel do

If segs|[/] =1 then

sWAP(A[i], Ali + k[i] — 1])
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pivots, flags = new arrl for j = 2 to n in parallel do segs]i] = 0

for =1t nin paralle segs[1] = 1 > initialize segments
if segs|i] = 1 then ¢

while not SORTED(A[1..n]) do
SEG-BROADCAST(piVO! SEG-RANDOMIZE-PIVOTS(A, segs)
for/=110 ninparalle  p[1.n] = SEG-PARTITION(A[1..n], segs[1..n])
if Ali] < pivots[i]t UPDATE-SEGS(segs[1..n], p[1..n])
else flags[i] = 0 '
K[1..n] = SEG-FILTER(A[1..n], flags[1..n]) / \

pivotFlags = new array of size n
for i = 1 to nin parallel do

pivotFlags[i] =0

If segs|[/] =1 then

sWAP(A[i], Ali + k[i] — 1])

pivotFlags[i + k[i] — 1] = 1
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pivots, flags = new arrl for j = 2 to n in parallel do segs]i] = 0

for =1t nin paralle segs[1] = 1 > initialize segments
if segs|i] = 1 then ¢

while not SORTED(A[1..n]) do
SEG-BROADCAST(piVO! SEG-RANDOMIZE-PIVOTS(A, segs)
for/=110 ninparalle  p[1.n] = SEG-PARTITION(A[1..n], segs[1..n])
if Ali] < pivots[i]t UPDATE-SEGS(segs[1..n], p[1..n])
else flags[i] = 0 '
K[1..n] = SEG-FILTER(A[1..n], flags[1..n]) / \

pivotFlags = new array of size n
for i = 1 to nin parallel do

pivotFlags[i] =0

If segs|[/] =1 then

sWAP(A[i], Ali + k[i] — 1])

pivotFlags[i + k[i] — 1] = 1

return pivotFlags[1..n]
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Segmented Partition Analysis:

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then pivots[i] = A[/]
SEG-BROADCAST(pivots, segs)
for i = 1 to nin parallel do
if Al/] < pivots|i] then flags|i] = 1
else flags[i] =0
K[1..n] = SEG-FILTER(A[1..n], flags[1..n])
pivotFlags = new array of size n
for / = 1 to nin parallel do
pivotFlags[i] =0
If segs|[/] =1 then
SWAP(A[f], Ali + k[i] — 1])
pivotFlags[i + k[i] — 1] = 1
return pivotFlags[1..n]
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n
for i = 1 to nin parallel do l
If segs[i] = 1 then pivots[i] = A[/]
SEG-BROADCAST(pivots, segs)
for i = 1 to nin parallel do
if Ali] < p/vots[/] then flags[i] = 1 [
else flags|i] =
K[1..n] = SEG- FILTER(A[1 .n], flags[1..n))
pivotFlags = new array of size n A
for i = 1 to nin parallel do
pivotFlags[i] =0
If segs|[/] =1 then
SWAP(A[f], Ali + k[i] — 1])
pivotFlags[i + k[i] — 1] = 1
return pivotFlags[1..n] v

Analysis:
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then pivots[i] = A[/]

Analysis:

SEG-BROADCAST(pivots, segs) -
for i = 1 to nin parallel do

if Al/] < pivots|i] then flags|i] = 1

else flags[i] = 0

K[1..n] = SEG-FILTER(A[1..n], flags[1..n]) -
pivotFlags = new array of size n
for / = 1 to nin parallel do
pivotFlags[i] =0
If segs|[/] =1 then
SWAP(A[f], Ali + k[i] — 1])
pivotFlags[i + k[i] — 1] = 1
return pivotFlags[1..n]
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then pivots[i] = A[/]
SEG-BROADCAST(pivots, segs)
for i = 1 to nin parallel do
if Al/] < pivots|i] then flags|i] = 1
else flags[i] =0
K[1..n] = SEG-FILTER(A[1..n], flags[1..n])
pivotFlags = new array of size n
for / = 1 to nin parallel do
pivotFlags[i] =0
If segs|[/] =1 then
SWAP(A[f], Ali + k[i] — 1])
pivotFlags[i + k[i] — 1] = 1
return pivotFlags[1..n]

Analysis:
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n
for / = 1 to n In paralle
if segsli]] procedure QUICKSORT(A[1..n])

SEG-BROADd segs = new array of n bits
fori=1ton|] for/=2to nin parallel do segs[i/]=0

ifAlll <4 segs[1]="1 > initialize segments
else flagy while not SORTED(A[1..n]) do
K[1..n] = SEG SEG-RANDOMIZE-PIVOTS(A, segs)
pivotFlags p[1..n] = SEG-PARTITION(A[1..n], segs[1..n])

fori=1ton UPDATE-SEGS(segs|[1..n], p[1..n])
pivotFlag
If segs|[/] =1 then
SWAP(A[/], Ali + k[i] — 1])
pivotFlags[i + k[i] — 1] = 1
return pivotFlags[1..n]
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Segmented Partition

procedure SEG-PARTITION(A[1..n], segs[1..n])
pivots, flags = new arrays of size n
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if segsli]] procedure QUICKSORT(A[1..n])
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pivotFlag
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pivotFlags[i + k[i] — 1] = 1
return pivotFlags[1..n]
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Segmented Randomize Pivots
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Segmented Randomize Pivots

procedure SEG-RANDOMIZE-PIVOTS(A[1..n], segs|[1..n])

for / = 1 to nin parallel do

if seg[i] = 1 then

SWAP(A[/], A[rnd])

rnd = RANDOM(start[i], end[i])

1
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Segmented Randomize Pivots

procedure SEG-RANDOMIZE-PIVOTS(A[1..n], segs|[1..n])
start, end = new arrays of size n

for / = 1 to nin parallel do
if seg[i] = 1 then
rnd = RANDOM(start[i], end[i])

SWAP(A[/], A[rnd])

1
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Segmented Randomize Pivots

start, end = new arrays of size n

for / = 1 to nin parallel do
if seg[i] = 1 then

rnd = RANDOM(start[i], end[i])

SWAP(A[/], A[rnd])

procedure SEG-RANDOMIZE-PIVOTS(A[1..n], segs|[1..n])

A(10(12(16(25 8 19| 6 (18
S | 1 7
e |6 11
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Segmented Randomize Pivots

procedure SEG-RANDOMIZE-PIVOTS(A[1..n], segs|[1..n])
start, end = new arrays of size n
for i = 1 to nin parallel do

If segs[i] = 1 then start[i] =i

for / = 1 to nin parallel do
if seg[i] = 1 then

rnd = RANDOM(start[i], end[i])

SWAP(A[/], A[rnd])

1 2 3 4 5
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Segmented Randomize Pivots

procedure SEG-RANDOMIZE-PIVOTS(A[1..n], segs|[1..n])
start, end = new arrays of size n
for i = 1 to nin parallel do

If segs[i] = 1 then start[i] =i
SEG-BROADCAST(start[1..n], segs[1..n])

for / = 1 to nin parallel do
if seg[i] = 1 then

rnd = RANDOM(start[i], end[i])

SWAP(A[/], A[rnd])
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Segmented Randomize Pivots

procedure SEG-RANDOMIZE-PIVOTS(A[1..n], segs|[1..n])
start, end = new arrays of size n
for i = 1 to nin parallel do

If segs[i] = 1 then start[i] =i
SEG-BROADCAST(start[1..n], segs[1..n])

for / = 1 to nin parallel do
if seg[i] = 1 then

rnd = RANDOM(start[i], end[i])

SWAP(A[/], A[rnd])
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Segmented Randomize Pivots

start, end = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then start[i] =i

SEG-BROADCAST(start[1..n], segs[1..n])

procedure SEG-RANDOMIZE-PIVOTS(A[1..n], segs|[1..n])

for i = 1 to nin parallel do

if i =n OR segs[i+ 1] =1 then end[start[i]] = i

for / = 1 to nin parallel do
if seg[i] = 1 then

rnd = RANDOM(start[i], end[i])

SWAP(A[/], A[rnd])

A110(12|16|25| 5 8 19/ 6 |18
s{1]1(|1]1]|1 7 71717
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Segmented Randomize Pivots

start, end = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then start[i] =i

for i = 1 to nin parallel do

for / = 1 to nin parallel do
if seg[i] = 1 then

rnd = RANDOM(start[i], end[i])

SWAP(A[/], A[rnd])

SEG-BROADCAST(start[1..n], segs[1..n])

procedure SEG-RANDOMIZE-PIVOTS(A[1..n], segs|[1..n])

if i =n OR segs[i+ 1] =1 then end[start[i]] = i

A110(12|16|25| 5 8 19/ 6 |18
sif1{1 (1111 7 71717
el 6 11
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Segmented Randomize Pivots

procedure SEG-RANDOMIZE-PIVOTS(A[1..n], segs|[1..n])
start, end = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then start[i] =i
SEG-BROADCAST(start[1..n], segs[1..n])
for i = 1 to nin parallel do
if i =n OR segs[i+ 1] =1 then end[start[i]] = i
for / = 1 to nin parallel do
if seg[i] = 1 then
rnd = RANDOM(startli], endli])
SWAP(A[/], A[rnd])

1 2 3 4 5

el 6

A110(12{16|25| 5 8 19| 6 |18
sif1|1 |1 (1] / 7177
11

Nodari Sitchinava — Advanced Parallel Algorithms




Segmented Randomize Pivots -
Analysis:

procedure SEG-RANDOMIZE-PIVOTS(A[1..n], segs|[1..n])
start, end = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then start[i] =i
SEG-BROADCAST(start[1..n], segs[1..n])
for i = 1 to nin parallel do
if i =n OR segs[i+ 1] =1 then end[start[i]] = i
for / = 1 to nin parallel do
if seg[i] = 1 then
rnd = RANDOM(startli], endli])
SWAP(A[/], A[rnd])
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Segmented Randomize Pivots

procedure SEG-RANDOMIZE-PIVOTS(A[1..n], segs|[1..n])
start, end = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then start[i] =i
SEG-BROADCAST(start[1..n], segs[1..n])
for i = 1 to nin parallel do
if i =n OR segs[i+ 1] =1 then end[start[i]] = i
for / = 1 to nin parallel do
if seg[i] = 1 then
rnd = RANDOM(startli], endli])
SWAP(A[/], A[rnd])
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Analysis:




Segmented Randomize Pivots

procedure SEG-RANDOMIZE-PIVOTS(A[1..n], segs|[1..n])
start, end = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then start[i] =i

Analysis:

Total:

SEG-BROADCAST(start[1..n], segs[1..n]) -
for i = 1 to nin parallel do
if i =n OR segs[i+ 1] =1 then end[start[i]] = i
for / = 1 to nin parallel do
if seg[i] = 1 then
rnd = RANDOM(start[i], end[i])
SWAP(A[/], A[rnd])

T'(n) = O(log n)
W(n) = O(n)
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Segmented Randomize Pivots

procedure SEG-RANDOMIZE-PIVOTS(A[1..n], segs|[1..n])
start, end = new arrays of size n
for i = 1 to nin parallel do
If segs[i] = 1 then start[i] =i
SEG-BROADCAST(start[1..n], segs[1..n])
for i = 1 to nin parallel do
if i =n OR segs[i+ 1] =1 then end[start[i]] = i
for / = 1 to nin parallel do
if seg[i] = 1 then
rnd = RANDOM(startli], endli])
SWAP(A[/], A[rnd])

Analysis:

Total:

T'(n) = O(log n)
W(n) = O(n)
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QUICKSORT(A[1..n]) Analysis

procedure QUICKSORT(A[1..n])

segs = new array of n bits
for / = 2 to nin parallel do segs[i] =0

segs[1] = 1 > initialize segments

while not SORTED(A[1..n]) do
SEG-RANDOMIZE-PIVOTS(A, segs)

p[1..n] = SEG-PARTITION(A[1..n], segs[1..n])

UPDATE-SEGS(segs[1..n], p[1..n])

D

Analysis:

T'(n) = O(log n)

Each iteration: Win) = O(n)
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O(log n) | iterations of the while loop in expectation

Total:

1

10(12|16|25

5(4|19| 8

SEG-PARTITI

ON(A, segs)

8(5|4|10

12|16(25(19

0 0 0 1

0O 0 0O

UPDATE-SEGS(segs, p)

8/5|4/10

12|16(25(19

~_

\_/

Expected

T(n) = O(log® n)
W(n) = O(nlog n)




Finding Minimum




EREW Minimum




EREW Minimum

procedure EREW-MIN(A[{..r]) S ‘ SRS
if ¢ = r then U U
return A[/]
mid = | 4|
in parallel do v v
left = EREW-MIN(A[L..mid]) & -
right = EREW-MIN(A[mid + 1..r]) @
return min(/eft, right) 2
o {T (n/2) + O(1) f0>1_ Gioam
O(1) if n=1
Wi - {ZW (n/2) +0) iftn>1_
O(1) if n=1
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Common-CRCW Minimum

583|297




Common-CRCW Minimum

583|297




Common-CRCW Minimum

N[OIND([W||[O01]|D
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Common-CRCW Minimum

N[OIND([W||[O01]|D

M[row, column] = (a[row] > a[column]) ?1 : 0
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Common-CRCW Minimum

N[OIND([W||[O01]|D

M[row, column] = (a[row] > a[column]) ?1 : 0
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Common-CRCW Minimum

for row = 1 to nin parallel do
for col = 1 to nin parallel do
if a[row] > a[col] then
Mrow, col] = 1
else
M[row, col] =0

N[OIND([W||[O01]|D

M[row, column] = (a[row] > a[column]) ?1 : 0
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Common-CRCW Minimum

for row = 1 to nin parallel do
for col = 1 to nin parallel do
if a[row] > a[col] then
Mrow, col] = 1
else
M[row, col] =0

oO|lOo|lo|lo|o|O|X
N[OIND([W||[O01]|D

M[row, column] = (a[row] > a[column]) ?1 : 0
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Common-CRCW Minimum

for row = 1 to nin parallel do
for col = 1 to nin parallel do
if a[row] > a[col] then
Mrow, col] = 1
else
M[row, col] =0

oO|lOo|lo|lo|o|O|X
N[OIND([W||[O01]|D
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allocate new array x|[1..n]
for /i = 1 to nin parallel do
x[i]=0




Common-CRCW Minimum

for row = 1 to nin parallel do
for col = 1 to nin parallel do
if a[row] > a[col] then
Mrow, col] = 1
else
M[row, col] =0

—_ = | O| == =X
N OIDD|W|oo|o1D
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allocate new array x|[1..n]
for /i = 1 to nin parallel do
x[i]=0




Common-CRCW Minimum

for row = 1 to nin parallel do
for col = 1 to nin parallel do
if a[row] > a[col] then
Mrow, col] = 1
else
M[row, col] =0

—_ = | O| == =X
N OIDD|W|oo|o1D
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allocate new array x|[1..n]
for /i = 1 to nin parallel do
x[i]=0

for row = 1 to nin parallel do
for col = 1 to nin parallel do
if M[row, col] == 1 then
X[row] = 1




Common-CRCW Minimum

for row = 1 to nin parallel do
for col = 1 to nin parallel do
if a[row] > a[col] then
Mrow, col] = 1
else
M[row, col] =0

—_ = | O| == =X
N OIDD|W|oo|o1D
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allocate new array x|1..n|
for i = 1 to nin parallel do
x[i]=0

for row = 1 to nin parallel do
for col = 1 to nin parallel do
if M[row, col] == 1 then
X[row] = 1

for row = 1 to nin parallel do
if x[row] == 0 then
min = ajrow]




Common-CRCW Minimum

for row = 1 to nin parallel do
for col = 1 to nin parallel do
if a[row] > a[col] then
Mrow, col] = 1
else
M[row, col] =0

—_ = | O| == =X
N OIDD|W|oo|o1D

Valid?
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allocate new array x|1..n|
for i = 1 to nin parallel do
x[i]=0

for row = 1 to nin parallel do
for col = 1 to nin parallel do
if M[row, col] == 1 then
X[row] = 1

for row = 1 to nin parallel do
if x[row] == 0 then
min = ajrow]




Common-CRCW Minimum

for row = 1 to nin parallel do
for col = 1 to nin parallel do
if a[row] > a[col] then

> Mrow, col] = 1
else
> M[row, col] =0

—_ = | O| == =X
N OIDD|W|oo|o1D

Valid?
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allocate new array x|1..n|
for i = 1 to nin parallel do

= x[i]=0

for row = 1 to nin parallel do
for col = 1 to nin parallel do
if M[row, col] == 1 then

> X[row] = 1

for row = 1 to nin parallel do
if x[row] == 0 then
> min = ajrow]




Common-CRCW Minimum

for row = 1 to nin parallel do
for col = 1 to nin parallel do
if a[row] > a[col] then
Mrow, col] = 1
else
M[row, col] =0

—_ = | O| == =X
N OIDD|W|oo|o1D

Analysis:
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else
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allocate new array x|1..n|
for i = 1 to nin parallel do
x[i]=0

for row = 1 to nin parallel do
for col = 1 to nin parallel do
if M[row, col] == 1 then
X[row] = 1

for row = 1 to nin parallel do
if x[row] == 0 then
min = ajrow]




Common-CRCW Mi

—_ = | O| == =X
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Nimum

procedure FAST-MIN(A[1..n])
for row = 1 to nin parallel do
for col = 1 to nin parallel do
if a[row] > a[col] then
Mrow, col] = 1
else

~= 110 nin parallel do
for col = 1 to nin parallel do
if M[row, col] == 1 then
X[row] = 1
for row = 1 to nin parallel do
if x[row] == 0 then
min = a[row]




