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procedure SEQUENTIAL-MERGE (A, B, C)

Step 1: (1.1) 1 « 1

(1.2) 7 « 1
Step 2: for k = 1 to r + s do
O (n) if (A[i] < B[j]) then

[
(1) Clk] < A[i] Alr+1] = B[s+1] =
1

1) 1 « 1 + 1

(1) Cl[k] <« BI[7]
(11) J « 3 + 1
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procedure BINARY-SEARCH(S, x, k)

Step 1: (1.1) 1 < 1
(1.2) h «n
(1.3) k <« O

Step 2: while 1 £ h do

(2.1) m « |[(1L + h) / 2]
(2.2) 1f (x = S[m]) then
(1) k « m
(ii1) 1 « h + 1
else if (x < S[m]) then h « m - 1
else 1 « m + 1

O(log n)
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for i = 1 to N - 1 do in parallel
O(1) Processor P; determines a’;, , b’;, from
(L.1) a’; = ajy
(L.2) b"; = bihﬂﬂ

end for
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(2.1) for i = 1 to N - 1 do in parallel
O(log N) (i) P; uses BINARY SEARCH on B’ to find smallest j

1

such that a’,; < b’,

(11) 1f J exists then Vi1 ~ (a’y, 1, A)
else v,,,; « (a’"y, 1, A)
end if
end for

(2.2) for 1 = 1 to N - 1 do in parallel
O(log N) (1) P, uses BINARY SEARCH on A’ to find smallest j

1

such that b’; < a’;

(11) if jJ exists then v, ; - (b";, 1, B)
else v,,,; « (b’,, 1, B)
end if
end for
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(3.1) (1) «<(1,1)

(3.2) for 1 = 2 to N do in parallel
O(log s) if v,,, = (a’,, k, A) then processor P,
(r<=s) (i) uses BINARY SEARCH on B to find
smallest j such that by > a’,
(11) Q(1) < (k[r/n], 3J)
else processor P;
(1) wuses BINARY SEARCH on A to find
smallest j such that a; > b’y
(i1) Q(i) « (3, k[s/n])
end if
end for
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(3.3) for 1 = 1 to N do in parallel

O((r+s)/N) processor P, uses SEQUENTIAL MERGE and Q(1) = (x, V)
to merge two subsequences beginning at a, and b, and
places the result in array C beginning at x + y - 1.

The merge continues until

(1) An element larger than or equal to the first
component of v,, is encountered in each of A
and B (when 1 <= N - 1)

(11) No elements are left in either A or B (1 = N)
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=2 = =3 =V, =V,= (12, 2, A) i=2 = =2 =>vV,,,,=Vz= (10, 2, B)
i=3 = =3 =V, =V:= (16, 3, A) i=3 = j=? =V, =V,= (18, 3, B)
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(7, 1,B) = j=5 = Q(2)
(12,2,8) = j=7 = Q(5)
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= [7, 10, 18]
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while (n, > 1 and n, > 1)

U « low, + [(high, - low, +1) /2]
V « lowg + [(highg - lowy, +1) /2]
W < min (|n,/2], |ng/2])

nA — nA - W
nB — nB - W
if (a, > b,)

then high, « high, - w
lowy « lowg +
else low, « low, +
high; « high; - w
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)
w = min(2, 3) = 2

Jtee O

while (n, > 1 and n, > 1)

U « low, + [(high, - low, +1) /2]
V « lowg + [(highg - lowy, +1) /2]
W < min (|n,/2], |ng/2])

nA — nA - W
nB — nB - W
if (a, > by)

then high, « high, - w
lowg « lowg +
else low, « low, +
high; « high; - w
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A2
low, highg
W min(l, 2) =1

while (n, > 1 and n, > 1)

U « low, + [(high, - low, +1) /2]
V « lowg + [(highg - lowy, +1) /2]
W < min (|n,/2], |ng/2])

nA — nA - W
nB — nB - W
if (a, > by)

then high, « high, - w
lowg « lowg +
else low, « low, +
high; « high; - w
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while (n, > 1 and n, > 1)
ﬁﬁ U « low, + [(high, - low, +1) /2]
V « lowg + [(highg - lowy, +1) /2]
W < min (|n,/2], |ng/2])

nA<—nA_W

v
6 7 nB<—nB_W
8202122 .
if (a

5
7 2 2 by
’—I{OEB—H:;E‘ then high, « high, - w
lowg « lowg + w
w

else low, « low, +
high; « high; - w

min(l, 1) =1 O(logn)
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Step 1: (1.1) Processor P; obtains the quadruple (1, r, 1, s)
(1.2) for j = 1 to log N do
O(logN - logn) for i = 1 to 23! do in parallel
Processor P; having received the quadruple (e, £, g, h)
(1.2.1) {Find the median pair of two sequences}
O(logn) TWO-SEQUENCE-MEDIAN (a[e, f], Blg, hl, x, V)
(1.2.2) {Compute four pointers p,, p,, 9; and g, as follows:}
()(1) if a, 1s median
then (1) p; « x
(ii) g « x + 1
(1ii) if Db, < a, then (a) p, « vy
() g~y +1
else (a) p, « y - 1

(b) g, « vy
end if
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else (i) p, « vy
(ii) g, « v + 1
(iii) if a, < b, then (a) p; « x
(b) a - x + 1
else (a) p; « x - 1
(d) a < x
end if
end if
(1.2.3) Communicate the quadruple (e, p;, g, pP,) to P, _;
(1.2.4) Communicate the quadruple (gq,, £, g,, h) to P,

end for

end for
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Step 2: for i = 1 to N do in parallel

()OJ/TJ) Processor P; having received the quadruple (a, b, ¢, d)
(2.1) w <« 1 + ((1 - I)(r + s)) / N
(2.2) z « min{i(r + s) / N), (r + s)}
(2.3) SEQUENTIAL-MERGE (A[a, bl, B[c, d], Clw, z])

end for
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s
N = 4 :» 03310y olasy

1 2 3 4 5 6 7 8 9
A |10|11/12|13|14|15/16/17|18

1 2 3 4 5 6 7 8 9 10
B | 3|4|5|6|7|8|19(20|21|22
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B
E N = 4l oxjlop olows O

1 2 3 4 5 6 7 8 9
A |10/11(12}5=114|15(16|17|18

if a, is median
then (i) p; « x

(1i) q, « x + 1

(iii) if b, < a, then (a) p, « y

1 2 3 4 5 6 7 8 9 10 (b) g «y +1
B|3|4|5/|6|7] 19202122 else (a) p, - v - 1

(b) a, « vy
end if
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16

Iy 18

1 2 3 4
A 1112|113
1 2 3 4
B 4156

9

10

120

21

22
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10(11/12(13 14|15|16(17|18

19|120|21|22
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1 2 3 4 5 6 7 8 9

A 10(11/12(13 14|15|16(17|18
1 2 3 4 5 6 7 8 9 10
B 19|120|21|22

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
C 314|567 811011111213 14115/16/17/18 1920|2122
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(r = s =n) |zl 4y O
t(2n)= O(% +log” nj Nonflog's >1(2n) = O(log2 n)

1S o&)’bﬁ Sass

p2n)=N
Aoy L
c(2n)= p(2n)xt(2n)= O(N+ Nlog’ n)
N<—" . _
~log”n 165lg0 pleol n oSl oo a4 bl ez gi O
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