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Derivation of Parallel Programs for
Maximum Marking Problems on Lists

O KimINORI MaTsuzaKkl, ! ZuENjiang Hu'l
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-

ator for the maximum marking problems.
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map (2x) [1,5,2,3] = [2, 10, 4, 6]
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zipw (=) [1,5,2,3] [4,2,1,3] = [-3,3,1,0]
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map :: (o — B) — [a] — [F]
map f (a:x)=fa:map f x
map f [] =

zipw = (@ — B — ) = [o] — [8] — []
zipw f (a:x) (b:y)=fab:zipw fz y
zipw f [] [] =]

scanl:: (B —a— ) — 8 — [a] — (18], 8)

scanl f ¢ [] = ([],0)

scanl fc(a:z)=1et (z',c') =scanl f (fca)x
in (c:a2',c)

scanr:: (B — a— () — 8 — [a] — ([6],6)

scanr f ¢ [] = ([],e)

scanr fc(a:z)=let (z',c') =scanr fcx
in(c:a2',fc a)

shifts :: a — [a] — [a]

shifts, ¢ [] =]

shifts, ¢ (a:z) = c:shifts a x
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Fig.1 Definition of parallel skeletons on lists
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Pmts T = all x V last x

where all []=T
all (a:xz)=aANalzx
last [| =F

last (a:x) = —a A (all xV last x)
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where accept,,,, (a,l) =aVl
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A MHEFTL (g, 2']) 13 3 OMEFET2b0THD,
BI%L eachmaz \FIRFEZ L IR RKDEANZ HOHD
ZID MTEEZTIOREKTH 5. REOBIELKT
ba7-0, BHonl-7a s 7513 Y A FORIITHIE
A CRAEZIT ) S LT E S,

4. BAN—INUBEEZHLINTOT S A

ARETIE, B ICX 2mRA~— 7 MR
BERIA T I LEL LI, ATV VA Ta s S
L&ENT S, ZoWH 7w r 5 A0ERE, UTO
SAT Y TR,

(1) BR7uZ7L6%2WFR7VErZ2FHALPT
WBILEIET 5.

(2) BXR707 7 LDFRZAINA TV DA
A TEEMWZ 5,



Vol. 49 No. SIG 0(PRO 36)

U A b EDORKe— 27 T HEEZ R WS 70 75 L DEH 5

mmp (accept o (z,9)) =

where 2’ = [(z,0,[])]

=1

eachmaz |

~

[

w,y
eachmaz’ (s, w,y
" (s,w,y

eachmaz’ (s,

= snd (ZTfst[(w,x/) | (s,w,z") — (2',9') z, accept s])

g by = eachmaz [(g m s’,w+w',m:y")
| (m,w) « [(T,b), (F,0)], (s, w',y") < y]

]
eachmaz ((s,w,y) : 7s) = eachmaz’ (s, w,y) (eachmaz xs)

] = [(s,w,y)]
Jy) (8, w',y') + ys) = if (s == &) then if w > w’ then (s,w,y) : ys

else (s',w',y’) : ys

else (s',w',y") : eachmaz’ (s,w,y) ys

K2 HBHEsoEHIck>TRoNZBRTUT T4
Fig.2 Sequential program derived by the method by Sasano et al.
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5. HIZE,
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int2bms 1 = (F,T)

ThH5.

BRRK~— 7 B DREE accept o (g, 2]) IR L
T, REEBHCREL 7-ROBIS accept, g, B &
W, iz 2 EET 5.

‘accept s = accept (int2bmy s)
g by = bm2inty (g b (int2bmy, y))
Z = bm2inty z

IhozfHdTaILickd, BREISHET 2R

DEAMZERTERIT LI ENTE S,

R, BWFHEEC X CHHINEG T 72y 7 TH

%, 2RADTNLITY RLNEEFET S, £7, 13
AHTIE, YR MOKHEFIINL T, FREIINT S
RARDOEANDOBPRERZREFT 5. KIZ, 232H
T, RROBEAMEZERT S L) R~v—T [T %,
LASAHTHER L 2R WIEIC 85 2 L TRD S,

M 31z, ZNSDEBORRD 70T F L%mT.
BI%L firststep 1 1 RAHDEHE 2TV, b EDfE a
& BRI S 2 IRRADEAM (wp, ..., wh_,) D
MoV A NERD S, BIS secondstep 1&, 2 /%
ZHDFEZTV, REWICIRKDEALNZ 5 2 518
FIRRE p' L= —7 m &Y R+ DL SIERKD 5,

4.2 WHRTIVEVICLZDBEH]MR

M3 TR 2 SADBER T 17 7 Ah O
BRIk > THEET 3,

¥9, 1 %R H (firststep) 12V, 2/ & wi D
At E scanr Ik > THBITE 2, Lo, B
firststep 1%, WHNIA7 IV F v scanr iZ k> Ta' & w
ZRDIET, WHIAT VLY zipw 25 2 & THE
HTE 2,

firstsep x
=let (2, (wy, ..., whe_,)) =scanr fi z1
in (zipw (,) z 2', (wp, ..., wo_,))
where
z1 = (Wo, ..., Wh,_,)
where w;: 0 1f2:i
—oo ifj#7Z
f1 (wo, ..., wyr_y) a = (wWo,..., Wh_;)

where wj = ZT[wi +qij a|i€0,2%)]

RIZ, 282 H (secondstep) ZMHNR 7 )V b+ iC
FoTHEBT 2, M3D7ms 7 AhTiE, RAOE
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mmp (accept o (g, z) =
=let (2 (w(/), .. .,w;k l)) firststep x
(Wi, c ZT (wi,i) | 3 € [0,2%), accept i
in secondstep (we, c) z’
where
firststep [] = ([], (wo, ..., wh_,)) where w; = {0 lfj :f
—oo ifj#7Z
firststep (a : x) =let (', (w, ..., wo,_,)) = firststep x
in ((a, (wo, ..., whe_,)) &', (wg, ..., whe_,))
where wj =} [w] +¢i; a | i€ [0, 27
a10 ifGTj=iAGFj=i
_ _Ja ifgTj=iNgFj+#i
WeE=NYo  ifgTjingFj=i
oo T AINGFjAi
secondstep (w,c) [] =]
secondstep (w,c) ((a, (wo, ..., wox_1)) : )
=let (m,w’,c) = head [(m,w;, 1) | (m,a’) — [(T,a), (F,0)],i € [0,2%),
wi+a =wAgmi=c
in m : secondstep (w',c’) x
3 RIEEIEHIC K> THBIL L 2 SADEKTE /T 4
Fig.3 Two-pass sequential program that uses integers for states
A% EHT 3 & 9 iRE L 2 OBEAMDOM T %
BRL LTI T, SRS, IRIE D 2 R where L
B LT, TARIcoLTREZEIT 22 LT fae (@ lun, oy (Wl oo e y))
ﬁﬁ?%’kﬁ??% CREWIIA T b % = head [¢ [ {m, o) (T, @), (F,0))
CHBIF B DI, 1 DFOTEICE T 5 EARIL ielo.2n,
a@nﬂmm. 22T, WEE 1 OHET ST wit e =we g mi=d
FIA L b shifts, ZflV, AEOBERICHET 5 &K fs e (@, (wo,.. .- wae—)), (o, - wey))
ISR B RADEARO) A b o/ 25 5. = head [m | EZ’;)Q;S (T, a), (F, 0)L

z' = shifts, (wo,...,wy._,) (map snd z)
ZOVAL 2 EHEDYRLZF LD LT, 282
HogE L, RARDEALNDE 2 5 REEZ KD % scanl
EREE L ITLDEDP B2 — 7 ZIRET S zipw ITL > T
KB 2L TES, UTO70 77 4IcB0T
(W, ..., why, ) &, 1 8ZAHIZE W TRD 7 HIRE
W T 2RROEAMTH S, 7z, B fo, f3 1
FUMEFTY A P &RERL ZTIUS R o 20» 2 EiciE
BEORETH 5.

secondstep (we,c) x
= let =’ = shifts, (wo, ..., wh._,) (map snd )
2" =zipw (,) z 2’

(y,-)

in zipw f3 y 2"

=scanl fa c z”

wi+a =wiAGgmi=d

WHN R 7V b v % 7 FEEE T shifts,  zipw |
L BERPET— Y EEPERINDD, oD
27V AF 70 75 g Emoto 512 & 5 ikEE(L
BREWCE>THIRLT A LI TE S,

4.3 EFEENEBEETFOEH

Iz, WHIAR L b v scanl B X O scanr D53
DBIBUTH U THER AN R T2 8 T 5,

£9, 1 XZAHOFHHEOPTMHbN T S scanr IC
DWTHEZ S, WHIA )V b v scanr DEIEDBEE f1

J1 (wo, ..., won_y) a = (wp,..., Wy, ;)
where wj = ZT[wi +qij a | i€ 0,2%)]

B (Num, 1,4} O _ETEIERRIC k> TRHE X
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mmp (accept o (g, z) =
=let (z', (wy,...,wy, ) =scanr f1 z1 @
a" =zipw (,) (zipw (,) @ z') (shifts, (wp, ..., whHi ;) ')
c=snd (Z”ﬁ[(wi,i) | i € [0,2%), accept 1))
(y,-) = scanl fo c 2"
in zipw f3 y 2
where
0 if j=%2
z1 = (wo, ..., Wwsr_,) Where w; = 1 J :
—00 if j £z
fi (wo, ... wak_y) a = (wp, ..., wh_,) where wj =3 [wi+qi; a|i€l0, 27
91 a={q; a}
O1=®1 = X
a0  ifGTj=iAGFj=i
a ifgTj=iNgFj#1i
ij Q=
QJ 0 gTj#AiNGFj—=i
—oo  WfGTjAINGF A
f2 c ((a’7 (wo, . "w2k—l))7 (w(l)a vee 7wl2k_1))
= head [i | (m,a’) — [(T,a),(F,0)],i € [0,2%),w; +a’ =wiAGmi=d
gpa=(f20a,...,f2 (28 =1)a)
€02 (do,...,dyr_,) =casecof 0 —do;--;2°—1 — do_,
lov. . dgi) @2 (- ) = (dl. )
2k —1 ok _1
where d = case d; of 0 — dj;---;2"—1 — dy_,
f3 c ((CL, (’LU(), .. '7w2k‘71))7 (w(llv s 7wl2k_1))
= head [m | (m,a’) — [(T,a),(F,0)],i € [0,2"),w; +a’ =wl AGmi=(

4 RAS—I7NUREZBE 27V F v WH 7T a7 5 o, BT o ST & 2

YL ¥ 2 ERAINAERETTHD,

fica=cO;g; a %ty (i=1,2)

Fig.4 Skeletal parallel program for the maximum marking problems. For i = 1,2,

operator ©; is a semi-associative operator with its associative complement

being @; and equation f;
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mts x = all x || last x;
all [] = T;
all (a:x) = a && all x;
last [] =F;

last (a:x) = 'a && (all x || last x);

9, VAT LI, AN oftiz, Bi%y, accept,
gi; ZRD DB, BRAKREBETIIMMED S EITIE,
(all alast) DLz 2B E L THATZ [0,4) D¥H%
RELL, z=2B X0 TOMKZELT 2

i 0o 1 2 3
accepti |F T T T
gT1 0o 0 2 2
gF1 0o 1 1 1
gij a 0 1 2 3
0 alO a —00  —00
1 —00 0 0 0
2 —00  —00 a a
3 —00  —00 —00 —00

R, AERERHIRT 2 2 LiIckhERIND
Tl LEHFELT S, IS oRELOFETICDS
WL, RETTHBRNS ., IR KRB FIRIMEDO S A&
IZiE, REE1 B2 DADBBERIRIEE 725,

g, G L7fEz, B8y, accept, qi; Zfliv
WHIAT Vs v R2fiot-70l 5L %2EHT 5, A
VAT LTI, CHHITXBUWINR TV T4 75
U Mo ALY BT a—Fa24RT 5, 1 52H
D scanr IZW$ % a3 — FOERIZE T, Matsuzaki

Tursivy 2008

5190 1z ko TIRES NATHIREZ WU TEHTH
2 WEEERET 2REET> TS, RARRBERS
FIFMEICN L CEREN 2 Tu 7 0% 5
IR,

5.2 BHINZ7O077LOKREL

HBHINE 707 7LD L, scanr ICXT 2 R
BNRHETOTIIRRETH 2720, REOHE S L
T % L HERE A BT ORI IZ O(S®) £ 72 5.
¥ 72, scanl B X W scanr I2B T 2 WFHLD A — 1 —
~y Rl (1+9) ek, LT, REDE=
WoTLickh, BHEINZ Tul T 2%230# LT
LILEDTES,

A AT LT, K6 IR T &I RIREEED ST
7 B OARERRERZRET S, REERD VS 71
BT, BRIIMEKG ICX-oTHE N, z ZWIHIRE,
BY%X accept DD T &7z 2 IREER SZHREE & WE3
%8, FEREOAZMEET50T, TEF 0@
BRI 2w, AEREL, REERD ST 712
B TRXROWTNLOWEZ 72T 5D TH 5.
(1) ZIHREE,» BB L CEETE 2V
(2) ZOREDLLER L COTHOZENREIC b3

ETERV
MHE (2) IK2owTiE, BV 7 7 ORIz RS ¥
72797 ETHE —FZ2HN5 2 L THOND D,
ZHURIEIZ—MRICERD B Z L ICERT A0 ENDH B,

AR DVIMEETE, BB 7 713X 6 TH
3. ZO77706, WH (1) il TIREBIZIRE 3
ThH, WH (2) 2L TREIREOTHS,
NoDREERET 5 Z Lick b, RAKRBIFI
MEICB O TIZRE 1 BLU 2 DAL ELIRE &
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5.3

5.3.1 RAMIZERMMEE

£, VRO T 2EEEZERL TR sk
EVIHEMEDD ETEAMIRKE %2 &) ICEEE
HIRNT 2, IV EENMEZEZ 5. ZOREE,
RO FEHINBBHE nis 12X 2R — 27 (TR
ETH5, BB ind 13V R b DIBIR S N BEHIINT
LT3 E) %R dEI%, Bi% head 13V A T+ D

SEHDEZRZ IR TR TH 5.
mis x = ind x;
ind [] =T;

ind (a:x) = ind x

&& ('a || (a && !(head x)));
head [] =F;
head (a:x)

a;



Vol. 49 No. SIG 0(PRO 36)

namespace mts {
typedef int number;
number NINF = INT_MIN;
struct ntup {
number w_1, w_2;
ntup (number w_1, number w_2) {
this->w_1 = w_1; this->w_2 = w_2;
}
ntup() {}
};
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() {}
};
(M%)
SKETO_DEF_BINOP(f1, ntup, ntup, number,
return ntup(
max(x.w_1, x.w_2),
plus(x.w_2, y)
);
);
SKETO_DEF_UNOP(gl, matrix, number,
return matrix(0, x);
);
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)
)3
);
ntup z1(NINF, 0);
(%)
dist_list<bool>* solver(dist_list<number>* x) {
std::pair<dist_list<ntup>*, ntup> xp_w
= gscanr(f1, z1, gi, 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<waw_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

B 5 HHInkATL LW TS T 50—
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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mss x = none x || seg x;
none [] =T;

none (a:x) = !a && none x;
seg [] = F;

seg (a:x) = (none x && a)
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Table 1 Experiment results for maximum segment sum

problem
etk aoR)) sl Z L
P | R (B) Hgw Lo R () LT 1
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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