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Derivation of Parallel Programs for
Maximum Marking Problems on Lists

KIMINORI MATsuzaKl, ! ZHENJIANG HU'! and MasaTo TAKEICHIT!

The maximum marking problem is the problem of marking the entries of some given data
structure in such a way that a given constraint is satisfied and the sum of the values associated
with marked entries is as large as possible. We can formalize many optimization problems
as instances of the maximum marking problems. In this paper, we show the derivation of
parallel programs for maximum marking problems on lists, which include the well-known
maximum segment sum problem. The derivation of parallel programs is based on skeletal
parallel programming, where parallel programs are developed by compositions of abstracted
parallel computational patterns called skeletons. In this paper, we also discuss a code gener-
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ator for the maximum marking problems.
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Fig.1 Definition of parallel skeletons on lists.
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mmp (accept o (z,9) z
= snd (ZTM [(w,z") | (s,w,z") «— (2, d') =, accept s])
where 2 = [(z,0, ])]
g’ by = eachmazr [(g m s, w+w',m:y")
[ (m,w) « [(T,b), (F,0)], (s",w',y") — 9]
(]
eachmaz ((s,w,y) : vs) = eachmaz’ (s,w,y) (eachmaz xs)

= [(s,w, )]
eachmaz’ (s, w,y) ((s',w',y’) : ys) = if (s

eachmaz ||

eachmaz’ (s, w,y) []

s’) then if w > w’ then (s,w,y) : ys

else (s, w’,y') : ys

else (s',w’,y") : eachmaz’ (s, w,y) ys

02 000OD0OO0O0OO0OO0OODOOODOOODOOODOO
Fig.2 Sequential program derived by the method by Sasano, et al.

mmp (accept o (g, 2]) =
=let (z’, (wg, - .., wék_l)) = firststep =
(wh,c) = Zw [(wi, ) | i € [0,2), accept i]
in secondstep (wc,’c) z’
where

firststep [] = ([], (wg, - - '!w;k,l)) where w;- = {

firststep (a: x) = let (z’, (wp, . ..

0

— 00

if j=%
if j£%
’w;k,l)) = firststep x
,w;kfl)) :a:’,(w('{,..‘,w;'kil))
ZT[U’Q +ai; a|i€f0,27)]
ifgTj=iANgFj=1
ifgTj=iANgFj#1i
ifgTj#iNgFj=1
ifgTj#AiNgFj#i

secondstep (w,c) [] =[]

in ((a, (wg, ...

where w
alO
a
0

— 00

qij a =

secondstep (w,c) ((a, (wo, ..., Wyk_1)) : )
= let (m,w’,¢') = head [(m,w;, i) | (m,a’) — [(T,a), (F,0)],i € [0,2*),wi +a’ =wAGmi=

inm:

secondstep (w',c') =

03 D00O0O0o0OD0ooObDO0O0Ob 20000000000
Fig.3 Two-pass sequential program that uses integers for states.
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where
fo ¢ ((ay w0y g, (b, o))
— head [i | (m,a') — [(T, ), (F,0)),
i€[0,2%),
wi—i—a/:wi/\ﬁmi:c]
f3C((a7(wOa“'7w2’€—1))7(w67"'7wl2k71))
= head [m|(m7a/)<_[(T7a)a(Fa0)]a
iel0,2"),
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mmp (accept o (g, z]) @
=let (z/, (wy, .. .,1v’2k71)) =scanr f1 z1 x
& =zipw () (zipw (,) @ @) (shifts (wh, .. wl, ) @)
- = snd i,1) | i €[0,2%), accept i
c=sn (ZTfst[(w, i) | i€ ), accept i)

(y,-) = scanl fo c z”’

in zipw f3 y =’

where
0 ifj=%
= X h P =

z1 = (wo, ,Wok _,) where w; { . iz
f1 (wo, ..., wyk_) a:(wé,...,w;kil) where w_;» :ZT[wiJrqij ali€ [O,Zk)]
g1 a ={qi;j a}
O1 =081 =X

ato fgTj=iAgFj=i

a ifgTj=iANgFj#1i
qij a = op — . . — . .

0 ifgTj#iNgFj=1

—00 ifgTjg#iNgFj#i
F2 e (@ (woy -y wpi_ 1)), (why ooyl 1))

= head [i | (m,a’) — [(T,a), (F,0)],4 € [0,2%), w; +a’ =wl AGmi=]
g2a=(f20a,...,f2 (2" =1)a)

cO2 (do,...,d?‘kil):casec0f0~>d0;-<-;2k71~>d2k71

(do, - dyr_4) ®2 (dg, .. '1d/2k,1) = (dg, .- -1d/2/k,1)
where d; = case d; of 0 — d'o; R L g dok 4

fs ¢ ((a, (wo, -+ wak 1)), (wh, - why )

= head [m | (m,a’) < [(T,a),(F,0)],i € [0,2%),w; + o’ =wl AGm i=(

04 000O0000O0O0O0O0OO0OO0ODOOOOOOOOOOOO0O0 o, 0000 ¢,000
0000000000 o0oUuo0b0O0fica=¢6;9;, a00000¢=1,20
Fig.4 Skeletal parallel program for the maximum marking problems. For ¢ =1, 2,
operator ©; is a semi-associative operator with its associative complement
being @; and equation f; ¢ a = ¢, g; a holds.
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0000 (g,2) OO Bool — Bool* DO OO OOOO all (a:x) = a && all x;
OO00UOmmppO0000000O0OCOCCOOOOO last [] = F;
ooooooo O last (a:x) = 'a && (all x || last x);
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namespace mts {
4ij a 0 1 2 3 typedef int number;
0 al0 a —50 —00 number NINF = INT_MIN;
struct ntup {
1 - 0 0 0 number w_1, w_2;
2 -0 —00 a a ntup(number w_1, number w_2) {
3 oo oo oo —0o this->w_1 = w_1; this->w_2 = w_2;
}
ntup() {}

000000000000000ooooooon
00000000000 000000DO000000
000000000000 0000DODO000000
00000 10002000000000000
000000000 2000 g0 acceptd q;; OO
00000000 0000O0O0O0O0o0o0ooOooon
00o000o00oCc++00000000000000
0ooooOd”?00000000000001000
Oscanr 000000 D0O0O0DOOODOOMatsuzaki
0¥ oooDo00o0D0O0000DD0O00000DO
000000000000 000000000000
0000000000000 00D00000000 5
oooo
5.2 00000000000000
0000000000000 Oscanr 00O OOO
0000000000000 O0O0ooooon S
000000000000000000 O(s®) oo
O0000Oscanl OO0 scanr OO O0OOO0ODOO
00000 (1+8)000000000000000
000000000000000000000000
oooooooon
000000000 6000000000000
0000000000000 0000D0000000
0000000000 go000D0000zO0000
0000 accept 000 TOOOODODODOOOOO
0000000000000000D00000TOF
000000000000000000000000
0000000000000000O0O0OoOoooon
(1) 00DO0OO00DO0ODOO0DOOOO0OODO
(2) 0D00OO0OOOOOOOOOOOOOOOOO
oooooog
00 (2)000000000000000000
000000000000 000000D000000
000000000D000000O00DoO00Oooon
oo
000000000 D0000000D0D000 600
000000000000 (1)000000000 3
000000 (2)000000000 000000
000000000000000000000000
000000000 1000 2000000000

};
struct matrix {
number w_1_2, w_2_2;
matrix(number w_1_2, number w_2_2) {
this->w_1_2 = w_1_2; this->w_2_2 = w_2_2;
}
matrix() {}
};
gooo
SKETO_DEF_BINOP(f1, ntup, ntup, number,
return ntup(
max(x.w_1, x.w_2),
plus(x.w_2, y)
);
)3
SKETD_DEF_UNOP(gl, matrix, number,
return matrix(0, x);
)3
SKETO_DEF_BINOP(oml, ntup, ntup, matrix,
return ntup(
max(x.w_1, plus(y.w_1_2, x.w_2)),
plus(y.w_2_2, x.w_2)
);
)3
SKETO_DEF_BINOP(opl, matrix, matrix, matrix,
return matrix(
max(x.w_1_2, plus(y.w_1_2, x.w_2_2)),
plus(y.w_2_2, x.w_2_2)
)s
)3
ntup z1(NINF, 0);
gooo
dist_list<bool>* solver(dist_list<number>* x) {
std::pair<dist_list<ntup>*, ntup> xp_w
= gscanr(f1, z1, gl, oml, opl, x);
dist_list<ntup>* tmp
= shiftr(xp_w.second, xp_w.first);
dist_list<aww_>* xpp
= new dist_list<aww_>(x->get_global_size());
zipwith(zipwl, xp_w.first, tmp, xpp);
delete tmp; delete xp_w.first;
zipwith(zipw2, x, xpp, Xpp);
int ¢ = 0; number m = NINF;
if m < w.w_1l) { c=1; m=w.w_1; }
if m<w.w_2) {c=2;m=w.w_2; }
dist_list<int>* y
= gscanr(f2, c, g2, om2, op2, xpp).first;
dist_list<bool>* result = zipwith(f3, y, xpp);
delete xpp; delete y;
return result;
}

} // namespace mts

05 O0O0ODOOOOOODOOOOOODOOOOO
Fig.5 Derived code of skeletal parallel program.
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Fig.6 State-transition graph. The initial state is 2, and
acceptable states are denoted by doubly-line.
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01 0000000000000000

Table 1 Experiment results for maximum segment sum

problem.
ooooo ooooo
P ooooo oooo ooooo oooo
1 8.52 1.00 51.42 1.00
2 7.50 1.14 263.33 0.20
4 3.80 2.24 132.05 0.39
8 1.88 4.53 66.38 0.77
12 1.26 6.78 44.20 1.16
16 0.94 9.07 33.13 1.55
24 0.69 12.29 22.11 2.33
32 0.65 13.05 16.73 3.07
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Fig.7 Speedup against sequential program for maximum
segment sum problem.
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