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A Heuristic Algorithm for the RCPSP /7 with Time Lags

HIROAKI KUSAKABEt and MARIO NAKAMORIY

Resource-constrained project-scheduling problem (RCPSP) is a general model of several
classical scheduling models. In this paper, we suggest the scheduling model RCPSP/7+,
which is added the time windows to the model of RCPSP/7 having the changing of limit of
renewable resources in project term and of requirement of renewable resources in each activ-
ity’s processing time. We present a tabu search algorithm for the RCPSP/7+ and evaluate
the solution accuracy comparing the oplitmal solution of ILOG CPLEX.
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Fig.2 within constraint.
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procedure initialize()
begin
sto := 0;
dspo := 0;
h:=1;
for j:=1ton—1do
stj := NOT_START;
end.
procedure dispatching_in PRTL(J)
begin
initialize();
for itr :==1 to n—1 do
fori:=0 to n—2 do
begin
j = priority(J \ {0},1);
if (P; c J') and not(j € J*) then
begin
tfrom = maxk{ck -+ ajk|k S P;l};
if |[P;”| > 1 then
tto := ming{ck + wjk|k € P}j'};
else
tio = tmaz — 1;
for ¢t :=tfrom to ti, do
if not(in.T'L(j,t)) then
if satisfy(j,t) then
begin
stji=1;
dspn, = j;
ht-+;
Jt=JTu{j}h
break;

end
end
end

if feasible(J') then
break;
end.

03 PRTLOODOODOOOOOOOOOO
Fig.3 Dispatching procedure used in PRTL.
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procedure create_set_K(j7)
begin
K :=¢;
minimum := INFINITY;
if |P;*i| > 1 then
begin
minimum = min{cy + wy;- |k € P;-};
for each k € P;- do
begin
value := ¢ + Wi~
if value = minimum then
K := KU{k};
end
end
else
begin
minimum := min{stx|k € P };
for each k € PJ‘Z do
begin
value := stg;
if value = minimum then
K := KU{k};
end
end
end.
procedure get_tabu_activity(j7)
begin
if P;,— # {0} then
begin
create_set_K(j7);
Jtabu := priority (K, 0)
end
else
begin
Jtabu := priority(So \ {7~ },0)
for i =0 to |So| — 1 do
begin
k .= priority(So \ {j~ },)
if exists([0,k]) and aor > 0 then
begin
jtabu = k:
break;

end
end
end
end.

04 O000D00OO0O0O0ODODOOOOODOOOOOODOOO
Fig.4 Decision of actibity to be stored in tabulist.
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procedure get_no_dispatch(J ")
begin
fork=1ton—1do
begin
j = priority(J, k);
if j € J~ then
return j;

end
end.

05 00 J 000O0O0O0OOO0OOO0O0O0
Fig.5 Selection of activity from set J ™.

procedure PRTL()

begin
for itr =1 to ITR_.MAX do
begin
set_priority(J);
dispatching_in PRTL(J);
if not feasible(J) then
begin
Jj~ = get_no_dispatch(J™);

record_tabulist(j~);

end
end
end.
0 6 PRTL
Fig.6 PRTL.
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Fig.7 Failure of dispatching.
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Fig.8 End of dispatching.
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procedure dispatching_in SRTL([dsp])

begin
sto := 0;
"= ¢

for itr:=1ton—1do
for h=1ton—1do
if Py, C JT then
begin
tfrom := maxp{ckx + ajr|k € Pasp, };
tio = ming{cy +wjk|k € Pgsp, };
for t :==tfrom to ti, do
if not in_T'L(dsps,t) then
if satisfy(dspn,t) then
begin
Stdspy, ‘= t;
Jt = Jtu{dspr};
end
end

else
break;

if feasible(J") then
break;
end.

09 SRTLOOODODDOOOOOOOOOO
Fig.9 Dispatching procedure used in SRTL.
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procedure neighbourhood_insert(i1,72)
begin

j, = 7(i1);

k :=1i1;

if 7;1 < ’ng then

for k =i; to i — 2 do

m(k) :=w(k+1);
else
for k := 7, downto i; +1 do

Mg = Tg_1
. 4’
m(iz) =7 ;
end.

010 OO0OODOOOOOODO
Fig.10 Neighborhood operation with insertion
neighborhood.
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011 000o
Fig. 11 insertion neighborhood.
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procedure neighbourhood_2-swap(i1,i2)
begin

Ji = m(ix);

Jo 1= 71'@2);

m(i1) = Jo;

7(i2) = Ju;
end.

012 2-swap 000000000
Fig.12 Neighborhood operation with 2-swap
neighborhood.

1121614 |5]|3]7

0 13 2-swap 00O
Fig.13 2-swap neighborhood.

procedure neighbourhood_3-opt(i1, iz, i3)
begin
fori:=1ton—2do
Ji = m(i);
k:=0;
for i:=0ton—1do
begin
(1) = Ji;
case k of
1
k= 12 + 1;
’ng :
k= i3 + 1;
i3 :
k= 11 + 1;
else
kE++;
end
end.

014 3-opt00000CO0OOOO
Fig.14 Neighborhood operation with 3-opt neighborhood.
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015 3-opt 00
Fig.15 3-opt neighborhood.
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procedure extend_precedence(j, s)
begin
if 0 < random() < 0.1 then
begin
wjs = [(p;j + 85) * random() * 3];
set((j, s), wjs);
end
else if 1 < random() < 0.2 then
begin
ajs := [(pj + s;) * random() = 3] ;
Set([jv 8]7 aj8)5
end
else

set([7, s],0);
end.

016 0OO00O0O0OOOOO

Fig.16 Generation of within and after constraints.

procedure extend_resource_demand(j)
begin
for r := 0 to m — 1 then
for u :=0 to p; — 1 then
if 0 < random() < 0.4 then
djru = dj,;
else if 0.4 < random() < 0.7 then
begin
if w =0 then
djru = dj,;
else
dj'ru = Qjru—1;
end
else
djru = [d}, * random()];
end.

017 000OO0O0OO0D0O

Fig. 17 Generation of resource demand.
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procedure extend_resource_limit()
begin
for r := 0 to m — 1 then
for ¢t := 0 to tynae — 1 then
rcve 1= 0;
for t := 0 to t,;ae — 1 then
if 0 < random() < 0.5 then
begin
p = [l7 * random()]
if t +5 < tynae then
begin
TCVt+5+ = p;
lrt =17 — p+revy;
end
else
Ly =157 — p;
end
end.

018 0OOO0OO0OO0OBOOOO

Fig. 18 Generation of resource limit.
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01 D000 TSOOO

Table 1 Comparison of initial solution and each TS.

0ooo 00 00 (%)
PRTL 188 51 11.45
oo 189 111 3.67
2-swap 188 123 2.54
3-opt 189 123 2.70

02 200000000 TSOOOOO
Table 2 Tabu search using two neighborhoods.

oooo oo 00 %)
00 — 2-swap 189 127 2.04
00 — 3-opt 189 127 2.37
2-swap — 00 188 132 1.84
2-swap — 3-opt 188 134 1.68
3-opt — OO 189 126 2.34
3-opt — 2-swap 189 136 1.83
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03 0O0oooo
Table 3 Average cpu time.

algorithm n =22 n =32 n =42
CPLEX 193.65 6410.30  8543.76
PRTL 0.01 0.02 0.02
oo 1.37 18.37 13.89
2-swap 0.35 7.06 5.71
3-opt 4.07 45.64 39.40
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2-swap — 00O 12.64 72.25 109.81
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3-opt — 00O 2.79 32.67 27.76
3-opt — 2-swap 2.34 27.34 23.17

04 set20000000000
Table 4 Result on problem set2.

0000 0000 [se] OO0 [%)]
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