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Single machine problems

¢ maximal polynomially solvable:

1prec; r;|Cmaz

1|prec; pi = p;7il Lmas
1prec; rs; pmin| Lz
1prec; p; = p;ril 3 Cs

1|prec; pmtn; p; = p;r;i| > C;

1ri;pmin| - C;

1p; = p;ri| 20 wiC;

1|sp — graph| > w;C;
Lrs; pmitn| Y- U;

Llp; = p;ri| - w;Us
Lpmtn; p; = p;ri| > wiU;
lpi =p;ri| Y T
Lpmtn; p; = p;ri| Y T;
Lp; = 1;m3] Y wiTy

Lawler (1973)
Simons (1978)
Blazewicz (1976), Baker et al. (1983)
Simons (1983)
Baptiste et al. (2004)
Baker (1974)
Baptiste (2000)
Lawler (1978)

Lawler (1990)
Baptiste (1999)
Baptiste (1999)
Baptiste (2000)

Tian et al. (2006)
Assignment-problem

1jri; pmitn| Y- w;U;

¢ maximal pseudopolynomially solvable:

Lawler (1990)
Lawler (1977), Du & Leung (1990)

YT
e minimal NP-hard:

x  1|r;|Limag

*  1|chains;r;; pmin| Y C;

x  1lprec| > C;

X 1|Tz'| ZC,

x  1|chains;p; = 1;r;| > w;C;

x  1|prec;p; = 1| > w;C;

x  1lrg;pmin| Y w;C;

x  1|chains;p; =1|>_U;
1|| ZwiUi
| X T

x  1|chains;p; = 1|Y_T;

x 1> w Ty

Lenstra et al. (1977)

Lenstra (-)

Lawler (1978), Lenstra & Rinnooy Kan (1978)
Lenstra et al. (1977)

Lenstra & Rinnooy Kan (1980)

Lawler (1978), Lenstra & Rinnooy Kan (1978)
Labetoulle et al. (1984)

Lenstra & Rinnooy Kan (1980)

Lawler & Moore (1969), Karp (1972)

Lawler (1977), Du & Leung (1990)

Leung & Young (1990)

Lawler (1977), Lenstra et al. (1977)

e minimal open:

Lpmtn; p; = pyri| Y wiC;
Lp; = pyri| > wiT;

e maximal open:

Upi = p;ril 2 wiT;
Lpmitn; p; = p;ril > wiT;
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Parallel machine problems
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without preemption

¢ maximal polynomially solvable:

Plp; = p; outtree; ;|Caz
Plp; = p;tree|Craz

Q|pi =p; rilomaw

Q2|p; = p; chains|Cmaz
Plp; = 1;chains; ;| Liyaqz
Plp; = pyintree|Lmqq
P2|p; = p;prec|Limaz
P2|pz = l;prec; ri|Lmaz
Plp; = 1;outtree;r;| > C;
Plp; = p;outtree| > C;
P2|p; = 1;prec;ri| 3 C;
P2|p; = p;prec| - C;
Pmlp; = p;tree| Y. C;
Qmlp; = p;ri| 3 Ci
R|[>C;

Plp; = p;ri| Y wiCs

Plp; = 1573] 3 wiU;
Pm|p; = p;ri| Y wiUs
Qlpi = p| > wil;

Plp; = p;ri| )T

Plp; = 1;7i| 3 w;T;

Qlp: = p| Y wiT;

Brucker et al. (1977)

Hu (1961), Davida & Linton (1976)
Assignment-problem

Brucker et al. (1999)

Dror et al. (1998), Baptiste et al. (2004)
Brucker et al. (1977), Monma (1982)
Garey & Johnson (1976)

Garey & Johnson (1977)

Brucker et al. (2002), Huo & Leung (2005)
Hu (1961)

Baptiste & Timkovsky (2004)
Coffman & Graham (1972)

Baptiste et al. (2004)

Dessouky et al. (1990)

Horn (1973), Bruno et al. (1974)
Brucker & Kravchenko (2008)
Networkflowproblem

Baptiste et al. (2004)
Assignment-problem

Brucker & Kravchenko (2005)
Networkflowproblem
Assignment-problem

e maximal pseudopolynomially solvable:

Qm|r;|Cmaz Lawler et al. (1989)
Qm|| > w;C; Lawler et al. (1989)
Qm|| Y w;U; Lawler et al. (1989)
e minimal NP-hard:
P2||Craz Lenstra et al. (1977)
*  P||Craa Garey & Johnson (1978)
x  P|p; = 1;intree;;|Crmaz ~ Brucker et al. (1977)
x  Plp; = 1;prec|Cmaz Ullman (1975)
x  P2|chains|Cpmaz Du et al. (1991)
*x  Q|p; = p; chains|Cmaz Kubiak (1988)
*  Plp; = 1; outtree|Lyqy Brucker et al. (1977)
x  P|p; = ljintree;r;| >, C;  Lenstra (-)
x  Plp; = 1;prec| > C; Lenstra & Rinnooy Kan (1978)
x  P2|chains| " C; Du et al. (1991)
*  P2|r;| > C; Single-machine problem
P2|| > w;C; Bruno et al. (1974)
P|| > w;C; Lenstra (-)

P2|p; = 1;chains| > U;
P2|p; = 1;chains| Y. T;

* ¥ X X

P2|p; = 1; chains| > w;C;

Timkovsky (2003)
Single-machine problem
Single-machine problem

e minimal open:
P2|p; = pyintree; ri|Crmaz
Pm|p; = 1;intree; r;|Cmaz
Pm|p’i = l;preclcmaq:
Q2|p; = p; chains; 1;|Cmaz
Q2|p; = p;intree|Craz
Q2|p; = p;outtree|Cpmaz
Qm|p; = p; chains|Craz

P2|p; = p; chains; ;| Liyag
Pm|p; = 1; outtree| Lz
Q2|p; = p; chains|Lyaz
Q2|pi =D; ri|Lmaz

Plp; = 1yintree| Y C;
P2|p; = p; chains;ri| > C;
Pm|p; = 1;intree;r;| Y C;

Pmlp; = 1;prec| Y. C;
Qlpi = p;ril X Ci
Q2|p; = p; chains| > C;
Q2|p; = p;ri| 2w C;
Plp; =p;ri| 3 Us
P2|p; = p;ri| 3 wiT;

e maximal open:
P|p; = p; chains; r;| Lmaa
Qm|p; = p;prec;ri|Lias
Qlp; = p; outtree;r;| Y. C;

Q|pi = p;tree| Y- C; Qlpi = p;1i| 2 wiU;
Qmlp; = pyprec;ri| 3 Ci Qlpi = p;ri| 3o wiT;
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Parallel machine problems with

¢ maximal polynomially solvable:

Plouttree; pmin; ;| Cmaz
Pltree; pmtn|Craz

Q|chains; pmtn|Craz

Plintree; pmin|Lpqz

Q2|prec; pmin; ri|Lmaw

R|pmtn; rileaz

P2|p; = p;prec; pmin| Y C;
P2|p; = p; outtree; pmin;r;| > C;
Plp; = 1; outtree; pmin;r;| > C;
Plp; = p; outtree;pmin| > C;
Qlpi = p;pmin;ri| Y C;
Qlpmtn| " C;

Plp; = p;pmin| - w;C;

Qlpi = p;pmin| 3 U;

Qmlpmin| 3 U;

P|p; = L;pmtn;ri| Y- w;U;
Pm|p; = p;pmin| ) w;U;

Plp; = p;pmin| 3 T;

Plp; = 1;pmin;ri| 3° wiT;
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preemption

Lawler (1982)

Muntz & Coffman (1970), Gonzalez & Johnson (1980)
Horvath et al. (1977)

Lawler (1982)

Lawler (1982)

Lawler & Labetoulle (1978)

Coffman et al. (2003)

Lushchakova (2006)

Brucker et al. (2002), Huo & Leung (2005)
Brucker et al. (2002)

Kravchenko & Werner (2009)

Labetoulle et al. (1984)

McNaughton (1959)

Baptiste et al. (2004)

Lawler (1979), Lawler & Martel (1989)
Brucker et al. (2003)

Baptiste (2000B)

Baptiste et al. (2004)

Baptiste (2002)

e maximal pseudopolynomially solvable:

Pm|pmitn| Y w;C;
Qmlpmtn| Y w;U;

McNaughton (1959), Lawler et al. (1989)
Lawler (1979), Lawler & Martel (1989)

e minimal NP-hard:

Plintree; pmin; ;| Craz

P|p; = 1; prec; pmitn|Cas
R2|chains; pmtn|Chaz
Plouttree; pmin|Lyqq
P2lpmitn; ri| 3 C;

Plpmtn; 1| 5 C;
P2|chains;pmtn| " C;
Rlpmin|>_ C;

P2|pmin| > w;C;

Plp; = p;pmin;r;| 3 wiC;
Plpmtn| > w;C;

P2|p; = 1; chains; pmtn| > w;C;
P2|pmtn;ri| 35 wiC;

Plpmtn| > U;

P2|pmtn;ri| 32 U;

P2|p; = 1; chains; pmtn| > U;
R|pmtn| > U;

Plp; = p;pmin| ) w;U;
P2pmin| > w;U;

* % X *

* X *

* K X ¥

Lenstra (-
Ullman (1
Lenstra (
Lenstra (
Du et al. (1990)

Brucker & Kravchenko (2004)

Du et al. (1991)

Sitters (2001)

Bruno et al. (1974)

Leung & Young (1990A)

Lenstra (-)

Timkovsky (2003), Du et al. (1991)
Labetoulle et al. (1984)

Lawler (1983)

Du et al. (1992)

Baptiste et al. (2004)

Sitters (2001)

Brucker & Kravchenko (1999)
Single-machine problem

)
976)
)
)

e minimal open:

Pm|p; = 1;intree; pmin; 7;|Cmaz
Pm|p; = 1; prec; pmtn|Craq
Qm|p; = p; chains; pmtn; r;|Crmaz
Qm|p; = p;intree; pmin|Cre
Qm|p; = p; outtree; pmin|Craq
Pm|p; = 1; chains; pmitn; ri| Lmaz
Pm|p; = 1; outtree; pmin|Lyq,
Qm|p; = p; chains; pmtn| L4z

P2|p; = p;pmin;r;| 3" U;
R2|pmin| > U;

Q2|p; = p; pmtn| Y- w;U;
P2|p; = 1;chains; pmin| Y. T;
P2|p; = p;pmitn;ri| > T;
P2pmin| Y T;

Q2|p; = p;pmtn| Y T;

P2|p; = p;pmin| Y- wiT;

P2|p; = 1;intree;pmtn;ri| Y. C;
Pm|p; = p; chains; pmtn;r;| > C;
Pm|p; = 1;intree;pmin| > C;
Q2|pi = p; chains; pmin| Y- C;
R2|pmtn| Y C;

P2|p; = p;pmtn;ri| 35 w;C;

Q2lp; = p;pmin| 3" w;C;

e maximal open:

Qlouttree; pmtn; 1i|Cmae  Qlpi = p;prec;pmin;ri| 3 C; Qlpmitn| Y T;
Q|tree; pmtn|Cnao Qlpi = p;pmin;ri| 3 Ui Qm|p; = p; prec; pmtn;ri| 3T
Q|chains; pmtn;ri|Lye, — Rm|pmin| Y U; Rm|pmitn| > T;

Qlintree; pmin|Lpyqz
Qm|prec; pmitn; ri| Lias

Qm|Pz' =
Qlp; = p;tree;pmin;ri| > T;

Q|pi = p;pmin| Y w;T;
Qm|p; = p; pmin; ;| Y- wiT;

p; pmitn;ri| Y wiU;
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Open-shop problems without preemption

¢ maximal polynomially solvable:

Olpij = 1;tree|Crmqz
02||Craz

O|pij = 1;intree|Lmaq,
O|pij =1 chains; rz"Lmaz
Ozlpij = 1;prec; ri|Lmaw
Olpi; = 1;outtree| Y C;
O2|p;; = 1; outtree;r;| Y C;

Braesel et al. (1994)
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Gonzalez & Sahni (1976)
Brucker et al. (1993), Brucker (1998)

Baptiste et al. (2004)

Brucker et al. (1993), Brucker (1998)

Braesel et al. (1995)
Lushchakova (2006)

O2|pi; = 1;prec| 3 C;
Olpij = ;14| > C;
O|pij = 1| szcz

Coffman et al. (2003)
Brucker & Kravchenko (2004)
Brucker et al. (1993)

O|pij = 1| EUz Liu & Bulfin (1988)
Omlpi; = 1;ri] > wiUs; Baptiste (2003)
Olpi; =11X°T; Liu & Bulfin (1988)
e minimal NP-hard:
03||Craz Gonzalez & Sahni (1976)
x  O||Crmaz Lenstra, (-)
x  Olpij = 1; outtree; 75|Cmqaz  Timkovsky (2003)
x  O|pij = 1;prec|Cmaa Timkovsky (2003)
*  02|chains|Craz Tanaev et al. (1994)
*  02|r;|Cmaz Lawler et al. (1981,1982)
*  O|pi; = 1; outtree|Lyaq Timkovsky (2003)
x  O2||Lmaz Lawler et al. (1981,1982)
x  02]Y.C; Achugbue & Chin (1982)
x  02|p;; = 1;chains| ) w;C;  Timkovsky (2003)
*  O3|pi; = 1;chains| Y, w;C;  Timkovsky (2003)
*  Olpyy =1, D U; Kravchenko (1999)
x  O2|p;j = 1;chains| > U; Timkovsky (2003)
x  O3|pi; = 1;chains| > U; Timkovsky (2003)
x  02|p;ij = 1;chains| > T; Timkovsky (2003)
*  O3|pi; = L;chains| Y- T; Timkovsky (2003)

e minimal open:

O3|pi; = 1;intree; ri|Cmaaz

O3|pij = 1;chains;r;| Y C;

O2|pi; = L;ri| Y- T;

ggipw i }, outtrge; 7i|Crmaz g3|p,] i 13177tree| .Z.C,- O3lpyy = Liri| ST,
pij = 1;prec|Crag 2|pi; = 157 Yo wiCy O2psy = 1| wiT,
O3|pi; = 1; outtree|Lmag O3|pi; = 1,74 Y wiCy 03|pr' — 1| ZwZ-Tz'
02|p,’j = 1;intree;ri| ZCz 0|sz = ].| Z’szz “ b

e maximal open:
O\pij = 1;intree; ri| Limqy
Om|pi; = 1; prec; i Linaa

Olpij = Liprec;ri| 3. Cs
O|pij = 1| ZwiUi

Olpij = ;15| > wiT;




last update: 15.11.02 (SK) http://www.mathematik.uni-osnabrueck.de/research/0OR/class

Open-shop problems with preemption

¢ maximal polynomially solvable:
Olpmtn; r;|Liag Cho & Sahni (1981)

e minimal NP-hard:
x  O2|chains; pmin|Cpe, Lenstra (-)

O2|pmitn| Y C; Du & Leung (1993)
x  O2|chains;pmin| > C; Lenstra (-)
x  O2|pmtn;r;| Y. C; Sriskandarajah & Wagneur (1994)
x  O3|pmin| > C; Liu & Bulfin (1985)
x  O2pmin| > w;C; Lenstra (-)

O2|pmtn| Y U; Lawler et al. (1981,1982)
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Flow-shop problems without preemption

¢ maximal polynomially solvable:

Fpij = 1; outtree; 1;|Craa
F|pij = 1;tree|Cmaa
F2||Craz

Bruno et al. (1980)
Bruno et al. (1980)
Johnson (1954)

F|pij = 1;intree|Lmqs
F2|pi; = 1; prec; ri| Limaa

Fpi; = 1; outtree; ;| > C;

F2|p;; = 1;prec;ri| > C;
Fmlp;; = 1;intree| ), C;

Flpij = 153 >° wiU;
Flpi; = 1 Y- wiT;

Bruno et al. (1980)

Bruno et al. (1980)

Brucker & Knust (1999)
Baptiste & Timkovsky (2004)
Averbakh et al. (2005)
Single-machine problem
Single-machine problem

e minimal NP-hard:

K K K KK X K K X X K X X

F|pij = 1;intree; ;| Cruaa
Flpij = 1;prec|Craz
F2|chains|Cmaz
F2|7'i|Cma:c

F3||Crmaz

F|pij = 1;0uttree|Limqa
F2||Lmaz

F2[| 3 C;

Brucker & Knust (1999)

Leung et al. (1984), Timkovsky (2003)
Lenstra et al. (1977)

Lenstra et al. (1977)

Garey et al. (1976)

Brucker & Knust (1999)

Lenstra et al. (1977)

Garey et al. (1976)

F2|p;; = 1;chains| ) w;C; Tanaev et al. (1994)
F3|pi; = 1;chains| > w;C; Tanaev et al. (1994)

F2|p;j = 1;chains| Y U;
F3|pi; = 1;chains| Y U;
F2|p;; = 1;chains| Y T;
F3|p;; = 1;chains| Y. T;

Brucker & Knust (1999)
Brucker & Knust (1999)
Brucker & Knust (1999)
Brucker & Knust (1999)

e minimal open:

F3|pij = 1;intree; r;|Crmas
F3|pij = 1; prec|Crmaz

F|pij = 1;intree| Y C;
F3|pi; = L;intree;r;| Y. C;
F3|pij = 1;tree| > C;

F3|pij = 1;chains; ;| Lz
F3|pi; = 1;outtree|Lmaq

¢ maximal open:

F|pi; = 1; chains; r;| Lymaes

Fmlp;; = 1;prec;ri|Limae  Flpij = 13prec;ri| > C;
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Flow-shop problems with preemption

¢ maximal polynomially solvable:
F2|pmitn|Craz Gonzalez & Sahni (1978), Cho & Sahni (1981)

e minimal NP-hard:

x  F2|chains;pmtn|Cpey Lenstra (-)

x  F2|r;; pmin|Chas Gonzalez & Sahni (1978), Cho & Sahni (1981)
x  F3|pmitn|Cras Gonzalez & Sahni (1978), Cho & Sahni (1981)
x  F2|pmitn|Lyeq Gonzalez & Sahni (1978), Cho & Sahni (1981)
x  F2lpmin| Y. C; Du & Leung (1993)
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Job-shop problems without preemption

¢ maximal polynomially solvable:
lepij = ]-;Tilcmaz
J2|pi; =113 C;
J2|pi; =113 Us
Jlprec;pij = L;ri;n = k| Y w;Us
Jlprec;ri;n = 2| w;U;
J2|n = k| EwiUi
Jlprec;pi; = 1;risn = k| > wiT;
Jlprec;ri;n = 2| Y w;T;
J2|n = kl Ew,T,

Timkovsky (1997)

Kubiak & Timkovsky (1996)
Kravchenko (1999A)
Brucker & Kraemer (1996)
Sotskov (1991)

Brucker et al. (1997A)
Brucker & Kraemer (1996)
Sotskov (1991)

Brucker et al. (1997A)

e maximal pseudopolynomially solvable:

J|prec;ri;n = k| w;U;
Jlprec;ri;n = k| > w;T;

Middendorf & Timkovsky (1999)
Kravchenko (1999A)
Middendorf & Timkovsky (1999)

e minimal NP-hard:
J3|n = 3|Cmax
J2||Crmaz
J2|chains; pij = 1|Cmaz
ngpij = ]-lcmaz
J2|pij = I;T'i| E Cz

J3ln = 3|3 C;
J2|[ 22 Ci
J2|chains; p;; = 1|3 C;
J3|pij = 1| ZCZ
J2|pij = 1| ZwZCZ

* J2|pij = Ly 3o wiCy
J2lpi; = Limi| X2 U;

Sotskov & Shakhlevich (1995)
Lenstra & Rinnooy Kan (1979)
Timkovsky (1985)

Lenstra & Rinnooy Kan (1979)
Timkovsky (1998)

Sotskov & Shakhlevich (1995)
Garey et al. (1976)

Timkovsky (1998)

Lenstra (-)

Timkovsky (1998)

Timkovsky (1998)

Timkovsky (1998)

Kravchenko (1999A)
Timkovsky (1998)

e minimal open:

J2|chains;n = 3|Chmax
J2|7‘i;n = 3|Cmaz

J2|chains;n = 3|>.C;  J2|pij = 1;7i|Lias
J2|ri;n = 3|>.C;

2pi; =1 2T

e maximal open:

J2|pij = I;Tileaz

2Np;s
J2|prec;rizn = k| > w;U; J2|pi;

=1>T; J2prec;ri;n = k| > w;T;
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Job-shop problems with preemption

¢ maximal polynomially solvable:

Jlprec;ri;n = 2;pmin| > w;U;  Sotskov (1991)
Jlprec;ri;n = 2;pmin| > w;T;  Sotskov (1991)

e maximal pseudopolynomially solvable:

Jlprec;ri;n = k;pmtn| Y w;U;  Middendorf & Timkovsky (1999)
J|prec;ri;n = k;pmin| Y w;T;  Middendorf & Timkovsky (1999)

¢ minimal NP-hard:
J2|n = 3;pmin|Crae, Brucker et al. (1999B)
x  J2|pmin|Cpaz Lenstra & Rinnooy Kan (1979)
J2|n = 3;pmin| > C; Brucker et al. (1999B)
x  J2|pmin| > C; Lenstra (-)
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Open-shop problems with nowait

¢ maximal polynomially solvable:

Olpij = 1;tree;no — wait|Cryqq
O2|p;j = 1; chains; ;10 — wait|Crae
O2|p;j = 1; prec;no — wait|Crae
O|pi; = 1;intree; no — wait| Limqa,
Olpij = 1574510 — wait| Lyeq

Olpi; = 1;outtree;no — wait| Y, C;
Olpij = 1;r43n0 — wait| Y- C;

02|p;j = 1; chains; ri;no — wait] Y C;
02|p;j = 1; prec;no — wait| Y C;
Om|p;; = 1;intree;no — wait| >, C;
Om|pi; = 1;r;;n0 — wait| Y w;C;
Olpi; = 1;n0 — wait| Y- w;U;

Om|p;; = 1;r;;n0 — wait| Y~ w;U;
Omlp;; = 1;1;n0 — wait] Y- T;

Olpij = 1;n0 — wait| > w;T;
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Brucker et al. (1993), Hu (1961)
Timkovsky (2003)
Brucker et al. (1993
Brucker et al. (1993
Brucker et al. (1993
Brucker et al. (1993
Timkovsky (2003)
Timkovsky (2003)
Timkovsky (2003)
Baptiste et al. (2004)
Timkovsky (2003)
Kubiak et al. (1991)
Baptiste et al. (2004)
Timkovsky (2003)
Brucker et al. (1993)

, Coffman & Graham (1972)
, Brucker et al. (1977)

, Simons (1983)

, Hu (1961)

e minimal NP-hard:

O\pij = 15 prec;no — wait|Cras
02|no — wait|Crge

Olpi; = 1; outtree; no — wait| Ly gg
Olpi; = 1;prec;no — wait| Y C;
02|no — wait| Y~ C;

02|p;; = 1; chains; no — wait| Y w;C;
O3|psj = 1; chains; no — wait| Y w;C;
02|p;; = 1;chains;no — wait| ) U;
03|pi; = 1; chains;no — wait| > U;
02|p;; = 1; chains;no — wait| ) T;
03|p;ij = 1;chains;no — wait| Y. T;

¥ KK K K K K X X X K

Ullman (1975)
Sahni & Cho (1979)

Brucker et al. (1977)

Lenstra & Rinnooy Kan (1978)
Kubiak et al. (1991)

Timkovsky (2003
Timkovsky (2003
Timkovsky (2003
Timkovsky (2003
Timkovsky (2003
(

)
)
)
|
Timkovsky (2003)

e minimal open:
02|pi; = 1;intree; ri;no — wait|Craq
02|pi; = 1; outtree; ri;n0 — wait|Crgg

O3|pi; = 1;chains; ri;no — wait| ) C;
O3|pij = 1;tree;no — wait| Y, C;

O3[pi; i 15 chaz-ns; T 10~ wait|Cmaz O|pi; = 1;intree; no — wait| Y, C;
O3|pi;j = 1; prec; no — wait|Crmaz )

e ; Olpij = ;15310 — wait| Y w;C;
O2|p;j = 1; chains; ri;no — wait| Lyae 0 5

) ) X |pij = 1;ri;n0 — wait| Y U;
02|pi; = 1; outtree; no — wait| Lygg Olp.. — .

] ’ . |pi; = 1;ri;n0 — wait| Y T;
O3|pi; = 1; outtree; no — wait| Lygg - !

: : 02|pij = 1;ri;n0 — wait| Y, w;T;

O2|p;; = 1;intree;ri;no — wait| Y, C; O3lps; = 115 mo — wait| 5 wiT}
O2|p;; = 1; outtree;r;;no — wait| Y C; vy ks

e maximal open:
Olpi; = L;tree; ri;no — wait|Crgy
Olpij = 1yintree; ri;no — wait| Liy,qq
Om|p;; = 1; prec;ri;no — wait| Lyagy

O|pi; = 1;tree;r;;no — wait| Y C; 0l

Om|p;j = 1;prec;ri;no — wait] Y, C;
Olpij = 1;75;n0 — wait] Y w;U;

pij = 1;73;n0 — wait| Y w;T;
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Flow-shop problems with nowait

¢ maximal polynomially solvable:
F2|no — wait|Cpaz Gilmore & Gomory (1964), Reddi & Ramamoorthy (1972)

¢ minimal NP-hard:

F2|r;;no — wait|Cpqee  Roeck (1984)
F3|no — wait|Cmax Roeck (1984A)
F2|no — wait|Lyeq Roeck (1984)
F2|no — wait| Y, C; Roeck (1984)

* ¥ X ¥

e minimal open:

F2|chains; no — wait|Crpaz

e maximal open:

F2|prec;no — wait|Cpaz
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Job-shop problems with nowait

¢ maximal polynomially solvable:
J2|pij = 1;n0 — wait| Y~ C;

http://www.mathematik.uni-osnabrueck.de/research/0OR/class

Kravchenko (1998)

J|prec;ri;n = k;no — wait| Y w;U;  Baptiste et al. (2004)
J|prec;ri;n = k;no — wait| Y w;T;  Baptiste et al. (2004)

e maximal pseudopolynomially solvable:

J2|pij = 1;n0 — wait|Cpeg

Timkovsky (1985), Kubiak (1989)

e minimal NP-hard:

J2|pi; = 1510 — wait|Cpaz
J2|chains; pij = 1;1n0 — wait|Crmaz
J2|no — wait|Creq

J3|pi; = 13m0 — wait|Ces

J2|pij = 1575510 — wait| Ligy
J2|chains; p;; = 1;n0 — wait| Y~ C;
J2|no — wait| >~ C;

J2|pi; = L;155n0 — wait] Y C;
J3|pij = 1;n0 — wait| ) C;

J2|pij = 1500 — wait| Y- w;C;

*  J2|piy; = 1;n0 —wait| Y w;T;

¥ K XK X X X X X

Timkovsky (1985), Kubiak (1989)
Timkovsky (1998)

Sahni & Cho (1979)
Sriskandarajah & Ladet (1986)
Timkovsky (1998)

Timkovsky (1998)

Roeck (1984)

Timkovsky (1998)
Sriskandarajah & Ladet (1986)
Timkovsky (1998)

Timkovsky (1998)
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Multiprocessor task problems with dedicated processors

¢ maximal polynomially solvable:

P2|fiz;|Crmaz Hoogeveen et al. (1994)

Pm|ri;p; = 1; fiz;|Cmer  Brucker & Kraemer (1996)
Pmlr;;pi = 1; fizg| Y. C;  Brucker & Kraemer (1996)
Pmlp; =1; fiz;| Y, w;C; Brucker & Kraemer (1996)
Pmlp; =1; fiz;| >, w;U; Brucker & Kraemer (1996)
Pmlp; = 1; fiz;| > T; Brucker & Kraemer (1996)

e minimal NP-hard:

x  Plp; = 1; fiz;|Craz Hoogeveen et al. (1994)

x  P2|chains;p; = 1; fiz;|Cme, Hoogeveen et al. (1994), Blazewicz et al. (1983)
x  P2|ry; fiz;|Cmaz Hoogeveen et al. (1994)

x  P3|fiz;|Crmaz Blazewicz et al. (1992),, Hoogeveen et al. (1994)
x  P2|fiz;|Limas Hoogeveen et al. (1994)

x  Plp; =1, fizi] Y. C; Hoogeveen et al. (1994)

x  P2|fiz;| Y C; Hoogeveen et al. (1994), Cai et al. (1998)

*  P2|chains;p; = 1; fiz;] >, C; Hoogeveen et al. (1994), Blazewicz et al. (1983)

e minimal open:
leri;pi = 1;fimi|Lmaz
P2|ri;pi = 1; fizi| 30 wiC;
P2|p; = 1; fizs| 3 wiT;

e maximal open:
Pmri;pi = 1; fizi| 3 wU;
Pmri;pi = 1; fiz| 3 wiT;
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Multiprocessor task problems with dedicated processors and preemption

¢ maximal polynomially solvable:

Pm|r;;pmtn; fiz;|Lyme, Bianco et al. (1997)
P2|pmin; fiz;| > C; Cai et al. (1998)

e maximal pseudopolynomially solvable:

e minimal NP-hard:

x  Plpmin; fiz;|Cmaz Hoogeveen et al. (1994), Kubale (1990)
x  P2|chains; pmin; fiz;|Cmer  Hoogeveen et al. (1994)

x  Plpmtn; fiz;| > C; Hoogeveen et al. (1994)

x  P2|chains; pmtn; fiz;| >, C; Hoogeveen et al. (1994)

x  P2|lpmtn; fiz;| Y, w;C; Oguz & Qi (2006)

e minimal open:
P2|ri; pmin; fizi| 3 C;
P3|pmtn; fiz;| 3 C;
P2|pmtn; fiz;| > U;
P2lpmin; fizy ST,

e maximal open:
Pmlri; pmin; fiz;| ) w;U;
Pm|ri; pmin; fiz;| 3 T;




last update: 27.07.06 (SK)

http://www.mathematik.uni-osnabrueck.de/research/0OR/class

Multiprocessor task problems with parallel processors

e maximal polynomially solvable:

Plouttree;ri; pi = p|Crmaz
Pltree;pi = p|Cmaz

P2|prec; p; = p; size;|Crmaz

Pmiri; p; = p; size;|Crae
P|chains;r;; p; = 1| Liag
Plintree; p; = p|Limaax
P2|prec; Ty Pi = ]‘|Lmaz
PIYC,

Plouttree;p; = p| > C;
Plouttree;ri;p; = 11> C;
P2|prec;p; = p| Y- Ci
Pmlintree;p; = p| Y. C;
Pmlri; pi = p; size;| 3 C;
Plri;pi = p| Y wiC;
Pmlp; = p; size;| > w;C;
P2|ri;p; = 1; sizei| Limage
Pmri;p; = p| > wiU;
Pmlp; = p; size;| > w;U;
Plrispi =p| X T;

Pm|p; = p; size;] > T;
Plp; = p| > wiUs, Y wiT;

Plrispi = 1| Y wiUs, Y- wiT;

Brucker et al. (1977)

Hu (1961), Davida & Linton (1976)
Lloyd (1981)

Baptiste (2003B)

Dror et al. (1998), Baptiste et al. (2004)
Brucker et al. (1977), Monma (1982)
Garey & Johnson (1977)

Bruno et al. (1974)

Hu (1961)

Brucker et al. (2002)

Coffman & Graham (1972)
Baptiste et al. (2004)

Baptiste (2003B)

Brucker & Kravchenko (2008)
Drozdowski & Dell’ Olmo (2000)
Baptiste & Schieber (2003)
Baptiste et al. (2004)

Brucker et al. (2000)

Brucker & Kravchenko (2005)
Brucker et al. (2000)
Assignment-problem
Networkflowproblem

e maximal pseudopolynomially solvable:

P3|size;|Crmaz

Du & Leung (1989)

Pm|r;|Cmaz, Pml|| Y w;C;, Pm|| Y, w;U; Lawler et al. (1989)

e minimal NP-hard:

P2||Craz
*  P||Crae
*  Plintree;ri; pi = 1|Crnag
*  Plp; = 1; size;|Craq
x  Plprec;pi = 1|Crax
x  P2|chains|Chaz
x  P2|chains;ri; p; = 1; sizei|Crmaz
*  P2|ry; size;|Cmag
x  P3|chains; p; = 1; size;|Crqa
*  Pj|size;|Cmag
x  Plouttree;p; = 1|Lpas
x  P2|chains;p; = 1; size;| Loz
*  P2|size;|Lmag
P2|size;| Y- C;
x  Plintree;ri;pi = 1| Y. C;
x  Plp; = 1;size;]| > C;
x  Plprec;p; = 13 C;
x  P2|chains| Y C;
x  P2lintree; p; = 1; size;| ) C;
x  P2|outtree;p; = 1;size;| ) C;
* P2|7‘,’| Z Cz
P2|| Ew,-C,-
x  P2|chains;p; = 1| > w;C;
x  P2lsize;| Y w;C;
x  P2|chains;p; = 1| YU, Y. T;

Lenstra et al. (1977)
Garey & Johnson (1978)
Brucker et al. (1977)
Lloyd (1981)

Ullman (1975)

Du et al. (1991)
Brucker et al. (2000)
Lee & Cai (1999)
Blazewicz & Liu (1996)
Du & Leung (1989)
Brucker et al. (1977)
Brucker et al. (2000)
Lee & Cai (1999)

Lee & Cai (1999)
Lenstra, (-)

Drozdowski & Dell’ Olmo (2000)
Lenstra & Rinnooy Kan (1978)
Du et al. (1991)

Zinder & Do (2005)
Zinder et al. (2005)
Single-machine problem
Bruno et al. (1974)
Lenstra (-)

Timkovsky (1998)

Lee & Cai (1999)
Single-machine problem

e minimal open:

P2|ri; pi = p; sizei|Lags
Pm|ri;pz’ =1 Slzeileaz

P2|chains;p; = 1;size;] Y. C;

P2|ry;p; = 1;size| Y wiC;  P2|ri;pi = 1; size;| > T
P2|ry;p; = 158124 Y. U; P2|p; = 1;size;| Y, wiT;

e maximal open:

Pm|chains;ri;p; = p;size;| Y. C;  Pmlri;p; = p;size;| > w;U;  Pmri; p; = p; size;| > wiT;
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Multiprocessor task problems with parallel processors and preemption

¢ maximal polynomially solvable:

Plouttree; pmin; ;| Cmaz
Pltree; pmtn|Craz

Q|chains; pmtn|Craz

Plintree; pmin|Lpqz
Pm|pmitn;r;; size;| Lo
Q2|prec; pmin; ri|Lmaw

R|pmtn; rileaz

P2|p; = p; prec; pmin| 3 C;
P2|p; = p; outtree; pmin;ri| > C;
Plp; = p;pmin;ri| Y C;

Plp; = 1; outtree; pmtn;r;| > C;
Plp; = p; outtree;pmin| " C;
Qlpmtn| ¥ C;

Plp; = p;pmin| - w;C;

Qlpi = p;pmin| 3 U;

Qmlpmtn| > U;

P|p; = L;pmtn;ri| Y- wiU;
Pm|p; = p;pmtn| Y- w;U;

Plp; = p;pmin| 3 T;

Plp; = 1;pmin;ri| Y- wiT;

Lawler (1982)

Muntz & Coffman (1970), Gonzalez & Johnson (1980)
Horvath et al. (1977)

Lawler (1982)

Blazewicz et al. (1996)

Lawler (1982)

Lawler & Labetoulle (1978)

Coffman et al. (2003)

Lushchakova (2006)

Brucker & Kravchenko (2004)

Brucker et al. (2002), Huo & Leung (2005)
Brucker et al. (2002)

Labetoulle et al. (1984)

McNaughton (1959)

Baptiste et al. (2004)

Lawler (1979), Lawler & Martel (1989)
Brucker et al. (2003)

Baptiste (2000B)

Baptiste et al. (2004)

Baptiste (2002)

e maximal pseudopolynomially solvable:

Pm|pmtn| > w;C;
Qmlpmtn| Y w;U;

McNaughton (1959), Lawler et al. (1989)
Lawler (1979), Lawler & Martel (1989)

e minimal NP-hard:

Plp; = 1; pmtn; size;i|Cmaz
Plintree; pmin; r;|Crmaz
Plp; = 1;prec; pmin|Cpas
R2|chains; pmtn|Cras
Plouttree; pmin|Lyqq
P2lpmin; ri ¥ C;
Plpmin;size;| Y C;
Plpmtn;r;| 3- C;
P2|chains; pmin| > C;
R|pmtn| Y C;

P2|pmtn| > w;C;

Plp; = p;pmin;ri| - wiC;
Plpmtn| > w;C;

P2|p; = 1; chains; pmtn| > w;C;
P2|pmtn;ri| 3 w;C;
Plpmtn| > U;

P2lpmin’ ] YU,

P2|p; = 1; chains; pmtn|>_ U;
Rlpmin| > U;

Plp; = p;pmin| ) w;U;
P2|pmtn| Y w;U;

* K X ¥

* %

* K X ¥

Drozdowski (1992)
Lenstra (-)
Ullman (1976)
Lenstra (-)
Lenstra (-)
Du et al. (1990)

Drozdowski & Dell’ Olmo (2000)
Brucker & Kravchenko (2004)

Du et al. (1991)

Sitters (2001)

Bruno et al. (1974)

Leung & Young (1990A)

Lenstra (-)

Timkovsky (2003), Du et al. (1991)
Labetoulle et al. (1984)

Lawler (1983)

Du et al. (1992)

Baptiste et al. (2004)

Sitters (2001)

Brucker & Kravchenko (1999)
Single-machine problem

e minimal open:

P2|p; = 1; chains; pmitn; size;|Cmaz
Q2|pi = p; pmitn; size;|Craa

P2|p; = 1;pmin; size;| Y, C;
P2|p; = 1;pmtn; size;| > U;

e maximal open:
Qmlprec; pmtn; r;; size;| Limax
Rm|pmin;r;; size;| Loy
Qlpi = p; prec; pmin; ri; sizei| 3 C;
Plp; = 1;pmin;ri; sizey| ) w;C;
Qlpi = p; pmin; sizei| 3 wiCi

Rm|pmtn; sizes| Y, U;

Qmp; = p;pmitn;ry; size;| Y w;U;
Qm|p; = p; prec; pmin; ry; size;| > T;
Rm|pmtn; size;| > T;

Q@mlp; = p; pmin; ri; size;| Y- wiT;
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Shop problems with multiprocessor tasks

¢ maximal polymomially solvable:

FMPTmr;pij = 1|Crqz Brucker & Kraemer (1996)
FMPTm|ri;pi; = 1| C; Brucker & Kraemer (1996)
FMPTm|p;; =1 > w;C; Brucker & Kraemer (1996)
FMPTm|p;; = 1| > w;U; Brucker & Kraemer (1996)
FMPTm|prec;rin = k| > w;U; Kraemer (1995)
FMPTmp;; =1 T; Brucker & Kraemer (1996)
FMPTmlprec;ri;n = k| Y wT; Kraemer (1995)
JMPT2|n = k|Craz Brucker & Kraemer (1995)
JMPT|n=2|> w;U; Brucker (1995)
JMPT|prec;ri;pi; = 1;n = k| Y, w;U;  Brucker & Kraemer (1996)
JMPTn =2|> w;T; Brucker (1995)
JMPT|prec;ri;pi; = 1s;n = k| Y w;T; Brucker & Kraemer (1996)
OMPT2||Cmaz Brucker & Kraemer (1995)
OM PTm|r;; pij = 1|Craa Brucker & Kraemer (1996)
OMPTm|ri;pij = 1> C; Brucker & Kraemer (1996)
OMPTmp;; = 1| wiC; Brucker & Kraemer (1996)
OMPT|prec;ri; pij = 1;n = 2| Y w;U;  Kraemer (1995)
OMPTm|p;; = 1|3 w;U; Brucker & Kraemer (1996)
OMPTmlprec;ri;n = k| > w;U; Kraemer (1995)
OMPTm|p;; = 1| X T; Brucker & Kraemer (1996)
OMPT|prec;ri;pij = 1;n = 2| Y w;T; Kraemer (1995)
OMPTmlprec;ri;n = k| > wT; Kraemer (1995)
e minimal NP-hard:
FMPT|n = 3|Chaz Kraemer (1995)
*  FMPT|prec;pi; = 1|/Caz Timkovsky (2003)
x  FMPT|tree;ri;pi; = 1|Craa Brucker & Knust (1999)
x  FMPT2||Crmaz Brucker & Kraemer (1995)
x FMPT|tree;pij = 1|Lmaa Brucker & Knust (1999)
x FMPT2||>C; Garey et al. (1976)
*  FMPT2|chains;p;; = 1| Y w;C; Tanaev et al. (1994)
*  FMPT2|chains;pi; = 1| > U; Single-machine problem
x  FMPT2|chains;pi; = 1| X T; Single-machine problem
JMPT3|n = 3|Crmaz Sotskov & Shakhlevich (1995)
*  JMPT2|pij = 1|Cpaa Brucker & Kraemer (1995)
JMPT?'T'“ Dij = ].| Z Cz Timkovsky (1998)
JMPT3|n=3|>C; Sotskov & Shakhlevich (1995)
x  JMPT2|chains;p;; = 1] Y C; Timkovsky (1998)
* JMPT3|p,'j = ].| Z Ci Lenstra (—)
JMPT2|p;; = 1| Y w;C; Timkovsky (1998)
x  JMPT2|r;;pij = 1] w;C; Timkovsky (1998)
OMPT|n = 3|Craz Gonzalez & Sahni (1976)
OMPT3||Craz Gonzalez & Sahni (1976)
x  OMPT||Cnaz Lenstra, (-)
*  OMPT|prec; pij = 1|Cpaa Timkovsky (2003)
*  OMPT|tree;ri; pij = 1|Cmaa Timkovsky (2003)
*  OMPT2|chains|Cpaz Tanaev et al. (1994)
*  OMPT2|r;|Crmaz Lawler et al. (1981,1982)
*  OMPT|tree;pij = 1| Liag Timkovsky (2003)
x  OMPT2||Ly40 Lawler et al. (1981,1982)
* OMPT2||>C; Achugbue & Chin (1982)
*  OMPT2|chains;p;; = 1| Y, w;C; Timkovsky (2003)
*  OMPT|r;pi; =1|>U; Kravchenko (1999)
*  OMPT2|chains;p;; = 1| Y U; Timkovsky (2003)
x  OMPT2|chains;p;; = 1| Y. T; Timkovsky (2003)




e minimal open:

FMPT|chains;n = 2|Cpqe
FMPT'pZJ = 1|Cmaz
FMPT|ri;n = 2|Craz

FM PT?2|chains; p;j = 1|Cmaa
FMPTQ'T’i;pij = ]-leaz
FMPT|chains;n = 2| C;
FMPT|n=3|>C;
FMPTipi; = 13 C,
FMPT|ri;n =2]>.C;
FMPT?2|chains;p;; = 1| > C;
FMPT2|T'1';pij = 1| ZwZCz
FMPT2|pij = 1| Z’szz

JM PT2|chains;n = 2|Craz
JMPT2|ri;n = 2|Chnaz
JMPT2|n = 3|Lmaq

JMPT?2|chains;n = 2| C;
JMPT2|n = 3| Y C;
JMPT2|r;;n = 2|3 C;
OMPT|n = 2|Craz
OMPT|sz = ].;TL = 3|Cmaz
OM PT2|chains; p;j = 1|Crmaz
OMPT2|Ti;pij = 1|Lmaz
OMPT|n =2|Y.C;
OMPT|p” = l;n = 3| EC,
OMPT2|chains;pi; = 1| > C;

¢ maximal open:

FMPT|tree; pij = 1|Cmaa
FMPT |chains; 73 pij = 1|Limaa
FMPTmlprec;ri; pij = 1|Lmaa
FMPT|prec;ri;pij = 1| C;
FMPT|prec;rin = k| > w;C;
FMPTsz';pz'j = 1| E’szz
FMPTsz';pz'j = 1| Eth’l
JMPT2|p“ = ].| ZC,

JMPT |prec;ri;n = 2| > w;U;
JMPT2|prec;ri;n = k| Y w;U;
JMPT |prec;ri;n = 2| > w;T;
JMPT2|prec;ri;n = k| Y wT;

OM PT |tree; pij = 1|Cmaz

OM PT |chains; r3; pij = 1| Limaa
OMPTm|prec;ri; pij = 1|Lmaa
OMPTprec;ri;pi; = 1| C;
OMPT|prec;ri;n = k| > w;C;
OMPT|pz] = ].l Z’w,’Ui
OMPT|prec;ri;n = 2|y, w;U;

OMPT|prec;ri; pij = Lin = k| > w;U;

OMPTm|Ti;pij = 1| ZwiUi
OM PT|prec;riy;n = 2| Y wiT;

OMPT |prec;ri;pij = Lyn = k| Y w;T;
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Multipurpose machine problems

¢ maximal polynomially solvable:

QMPM||>.C; Horn (1973), Bruno et al. (1974)
PMPM|p; = 1;7;| Y w;U; Brucker et al. (1997)

QMPM|p; = 1|} w;U; Brucker et al. (1997)
PMPM]|p; = ;75| Y, w;T; Brucker et al. (1997)
QMPM|p; = 1| > w;T; Brucker et al. (1997)

e minimal NP-hard:

PMPM2||Craz Lenstra et al. (1977)
PMPM2|chains; p; = 1|Cqz Brucker et al. (1997)

* PMPM||Craz Garey & Johnson (1978)

* PMPM|intree;p; = 1;7;|Cmaz Brucker et al. (1977)

x  PMPM)|prec;p; = 1|Craa Ullman (1975)

x  PMPM2|chains|Cmaz Du et al. (1991)

x  QMPM|chains;p; = 1|Craz Kubiak (1988)

x PMPM|outtree;p; = 1|Lpas Brucker et al. (1977)

x* PMPM|prec;p; =1|>.C; Lenstra & Rinnooy Kan (1978)

x  PMPM2|chains| )" C; Du et al. (1991)

x  PMPM2|r;| > C; Single-machine problem
PMPM2|| Y w;C; Bruno et al. (1974)

x PMPM||> w;C; Lenstra (-)

*  PMPM2|chains;p; = 1| > w;C; Timkovsky (1998)

x  PMPM2|chains;p; = 1| U; Single-machine problem

*  PMPM2|chains;p; = 1| T; Single-machine problem

e minimal open:

QMPlepz = ]-;Ti|cma$

PMPM?2|chains; p; = 1|3 C; QMPM2|p; =1;r:| 3. Cs

e maximal open:
QMPM|tree;pi:1;n~|ZC,- QMPM|p,:1,Tz|Zw,UZ
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Shop problems with multipurpose machines

¢ maximal polymomially solvable:
FMPMm|r,~;pij = 1|Cmaa:
FMPMm|n-;pz-j = 1| ZC,
FMPMm|p;; = 1| > w;C;
FMPMm|p;; = 1| > w;U;
FMPMmlprec;ri;n = k| Y, w;U;
FMPMm|p,~j = ].| ETz
FMPMmjprec;ri;n = k| > w;T;
JMPM|prec;ri;n = 2|Liyaz
JMPM|prec;ri;pi; = Lyn = k| Y w;U;
JMPM|prec;ri;pij = Lin = k| > w;T;
OMPMmV’i;pij = 1|Cmaw
OMPMmV’i;pij = 1| ZCZ
OM PMm|prec;ri;n = k| Y w;U;
OMPMm|p,~j = llle
OMPMm|prec;ri;n = k| Y, w;T;

1997)
1997)
1997)
1997)

Brucker et al.
Brucker et al.
Brucker et al.
Brucker et al.
Brucker (1995)
Brucker et al. (1997)
Brucker (1995)
Jurisch (1995)
Brucker et al. ( )
Brucker et al. ( )
Brucker et al. (1997)
(1997)
(1997)
(1997)

~ o~~~

Brucker et al.
Brucker et al.
Brucker et al.
Brucker (1995)
Brucker et al. (1997)
Brucker (1995)

¢ maximal pseudopolymomially solvable:

OMPM|p” = ]-lcmaw

Jurisch (1995), Meyer (1992)
Jurisch (1995)

e minimal NP-hard:
FMPM|n = 3|Cnmax
FMPM2||Craz
FMPM]|intree;ri; pij = 1|Cag
FMPM|prec; pi; = 1|/Cpaz
FMPM2|chains|Cpaz
FMPM2|ri|Crax
FMPM3||Crmaz
FMPM|outtree; pij = 1|Lyaq
FMPM?2||Lyqex
FMPM|prec;pi; = 1> C;
FMPM2||SC;
FMPM2|chains; pij = 1| > w;C;
FMPM?2|chains;pi; = 1| U;
FMPM?2|chains;p;; = 1| T;
JMPM2n = 3|Cpaz
JMPM?2|chains; p;j = 1|Crmaz
* JMPM3|p” = ]-|Cmaz-
JMPM2|Ti;pij = ].lZCZ
JMPM3n =3|>.C;
*  JMPM2|chains;pi; = 1| C;
* JMPM2|7“i;pij = 1| szcz
JMPM2|Ti;pij = ].lEU@
JMPM2|pij = 1| Ew@'Ui

K K K K K X K K X X ¥

Brucker et al. (1997)

Lenstra et al. (1977)

Brucker et al. (1977)

Ullman (1975)

Lenstra et al. (1977)

Lenstra et al. (1977)

Garey et al. (1976)

Brucker et al. (1977)

Lenstra et al. (1977)

Lenstra & Rinnooy Kan (1978)
Garey et al. (1976)

Tanaev et al. (1994)
Single-machine problem
Single-machine problem
Jurisch (1995), Meyer (1992)
Timkovsky (1985)

Lenstra & Rinnooy Kan (1979)
Timkovsky (1998)

Sotskov & Shakhlevich (1995)
Timkovsky (1998)

Lenstra (-)

Timkovsky (1998)

Timkovsky (1998)

Timkovsky (1998)
Kravchenko (1999A)
Timkovsky (1998)



OMPM|n = 3|Craz
OMPM3)||Crnaz

OMPM||Crnas

OMPM |outtree; ri; pij = 1|Crag
OMPM |prec; pij = 1|Craa
OMPM2|chains|Cmaz
OMPM2|ri|Crnas

OMPM |outtree; pij = 1|Limqq
OMPM2||Lnas
OMPM2||>C;

OMPM |prec;p;; = 1| > C;

OM PM?2|chains;p;; = 1] >~ w;C;
OMPM2|chains; p;; = 1| U;
OMPM?2|chains;p;; = 1| X T;

¥ K K K XK X X X X X X ¥ ¥

Gonzalez & Sahni (1976)
Gonzalez & Sahni (1976)
Lenstra, (-)

Timkovsky (2003)
Timkovsky (2003)
Tanaev et al. (1994)
Lawler et al. (1981,1982)
Timkovsky (2003)
Lawler et al. (1981,1982)
Achugbue & Chin (1982)
Lenstra & Rinnooy Kan (1978)
Timkovsky (2003)
Kravchenko (1999)
Timkovsky (2003)
Timkovsky (2003)

e minimal open:

FMPM|ps; = 1|Crae
FMPM2|chains; pij = 1|Craz
FMPM2|T‘¢;pij = 1|Lmaw
FMPMn =2|YC;
FMPM|pz] = ].lECz
FMPM2|chains; pi; = 1| > C;
FMPM2|Ti;pij = 1| EU),C,
FMPM|n = 2|3 U;

JMPM2|p” = 1|Cmaw
JMPM2|n =2|Y.C;
JMPM2py; = 13 C;
JMPM2n =2 U;
OMPMlp,'j = ].;TL = Zlcmaz
OMPMlpij = ].;TL = 3|Cmaw
OMPM?2||Crnas

OMPM?2|chains; pij = 1|Crmae
OMPM2|Ti;pU = ]-leaw
OMPMlsz = 1;7’L = 2|ZC,
OMPMlsz = 1;7’L = 3|ZC,
OMPM?2|chains; p;j = 1| ) C;
OMPM2|7‘,*;p,'j = 1| Z'LU,Cz
OMPM2|p” = 1|ZwlTZ

e maximal open:

FMPM|outtree;ry; pi; = 1|Cag
FMPM|tree;pi; = 1|Cragz
FMPM|chains;ri; pij = 1| Lmaz
FMPM|intree; pij = 1|Lmag
FMPMmlprec;ri; pij = 1|Lmaz
FMPMI|tree;ri;pij = 1| > C;
FMPMmiprec;ri;pi; = 1| C;
FMPMI|prec;ri;n = k| Y, w;C;
FMPM|Ti;pi]‘ = 1| szUz
FMPM|Ti;pi]‘ = 1| E’szz
JMPMZ‘T’i;pZ']’ = 1|Lma:c
JMPM2|prec;ri;n = k| Y w;C;
JMPMZ‘pU = ].| ZUZ

JMPM |prec;ry;n = 2| > w;U;
TMPM2lp;; = 15T,

JMPM |prec;ri;n = 2| > w;T;

OMPM|tree; pi; = 1|Cnaa
OMPM2||Crnas

OMPM|intree;ri; pij = 1|Lmag
OMPMmiprec;ri; pij = 1|Lmaz
OMPM|tree;ri;pi; = 1|3 C;
OMPMmlprec;ri;pij = 1| C;
OMPM|prec;ri;n = k| Y w;C;
OMPM|prec;ri;n = 2| > w;U;
OMPM |prec;ri;pi; = Lin = k| Y w;U;
0MPMm|ri;pz~j = 1| E’szz
OMPM|prec;ri;n = 2| > w;T;
OMPM |prec;ri;pij = 1;n = k| Y- w;T;
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Serial batching problems

¢ maximal polynomially solvable:

1|prec; s — batch|Lpqy
1|prec; pi = p; s — batch| > C;
1|s — batch| Y~ C;

p; = p; s — batch; 1| - w;C;
1|s — batch| > U;

Lp; = p; s — batch;ri| Y- w;Us
1|pi = p;s — batch;ri| Y T;

http://www.mathematik.uni-osnabrueck.de/research/0R/class

Ng et al. (2002)

Albers & Brucker (1993)
Coffman et al. (1990)
Baptiste (2000A)

Brucker & Kovalyov (1996)
Baptiste (2000A)

Baptiste (2000A)

e maximal pseudopolynomially solvable:

1|s — batch| > w;U;
1|s — batch| > T;

Brucker & Kovalyov (1996) , Karp (1972)
Du & Leung (1990), Baptiste & Jouglet (2001)

e minimal NP-hard:

x

¥ X X X X

*

1|s — batch; ;| Limax

1|chains; s — batch| > C;

1|prec; s — batch| > C;

1|s — batch;r;| > C;

1|chains; p; = 1; s — batch| > w;C;
1|s — batch| >~ w;C;

1|chains; p; = 1; s — batch| > U;
1|s — batch| > w;U;

1|s — batch| > T;

1|chains; p; = 1;s — batch| )" T;

Lenstra et al. (1977)

Albers & Brucker (1993)

Lawler (1978), Lenstra & Rinnooy Kan (1978)
Lenstra et al. (1977)

Albers & Brucker (1993)

Albers & Brucker (1993)

Lenstra & Rinnooy Kan (1980)

Brucker & Kovalyov (1996), Karp (1972)

Du & Leung (1990), Baptiste & Jouglet (2001)
Leung & Young (1990)

e minimal open:

1l|chains; p; = 1; s — batch; ;| Lipax
1|chains; p; = 1; s — batch;r;| > C;
1|p; = 1;s — batch| > w;T;

e maximal open:

1|prec; p; = p; s — batch; 7| Lmaz
1|prec; p; = p; s — batch; ;| Y- C;
L|p; = p; s — batch;ri| Y- wiT;
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Parallel batching problems

¢ maximal polynomially solvable:

1|outtree; p; = p;p — batch; r;;b < n|Cpaz
1|p — batch; b < n|Chz

1jtree; p; = p;p — batch; b < n|Craz
1|chains; p; = 1;p — batch; ri;b < n|Lmas
1lintree; p; = p;p — batch; b < n|Lyaqy
1|outtree; p; = 1;p — batch;ri; b < n| > C;
1l|tree;p; = p;p — batch; b < n| Y C;

1|p — batch| Y w;C;

lp; = p;p — batch; ri;b < n| Y w;C;

1|p — batch| Y U;

1lp; = p;p — batch;r;; b < n| Y w;U;
1l|prec; p; = p;p — batch| Y w;U;

lp; = p;p — batch;ri;b < n| Y T;

1lp; = 1;p — batch;ri; b < n| Y w;T;

1|p; = p;p — batch; b < n| Y w;T;

p; = p;p — batch; ri| 3o wiT;

1|prec; p; = p;p — batch| Y w;T;

Parallel machine problem
Brucker et al. (1998)
Parallel machine problem
Parallel machine problem
Parallel machine problem
Parallel machine problem
Parallel machine problem
Brucker et al. (1998)
Baptiste (2000A)
Brucker et al. (1998)
Baptiste (2000A)
Earliest Start Schedule
Baptiste (2000A)
Parallel machine problem
Parallel machine problem
Baptiste et al. (2004)
Earliest Start Schedule

¢ maximal pseudopolynomially solvable:

1p — batch;r;| Y- w;U;
1|p — batch;r;| Y w;T;

Baptiste et al. (2004)
Baptiste et al. (2004)

e minimal NP-hard:

1|p — batch;r;; b < n|Craz

1|prec;p; = 1;p — batch; b < n|Cpga
1|outtree; p; = 1;p — batch; b < 1|Lpqx
1|p — batch; b < n|Lpqeq

1|p — batch;ri;b < n| > C;
1|prec;p; = 1;p — batch; b < n| Y C;

* X X X X X X X X ¥

1|chains; p; = 1;p — batch; b < n| > U;
1|p — batch| Y w;U;
x  1|chains;p; = 1;p — batch; b < n| > T;
1|p — batch| Y w;T;

1lintree; p; = 1;p — batch;ri;b < n|Cmas

1lintree; p; = 1;p — batch;ri;;0 < nl > C;

1|chains; p; = 1;p — batch; b < n| > w;C;

Parallel machine problem
Brucker et al. (1998)
Parallel machine problem
Parallel machine problem
Brucker et al. (1998)
Parallel machine problem
Single machine problem
Parallel machine problem
Parallel machine problem
Single machine problem
Brucker et al. (1998)
Single machine problem
Brucker et al. (1998)

e minimal open:

1|chains; p — batch|Craz
1llintree; p; = 1;p — batch; r;|Crax
1|p - batCh; Tilcma:c

1|chains; p; = p; p — batch; ;| Lyaq
1|outtree; p; = 1;p — batch; r;| Loz
1|chains; p — batch| Y, C;
1|chains; p; = p; p — batch;r;| Y C;
1lintree; p; = 1;p — batch; ;| > C;

1|p — batch; b < n| ) C;

1|p — batch;r;| > C;

1|chains; p; = 1;p — batch; ;| > w;C;
1|chains; p; = 1;p — batch; ;| Y U;
1|chains; p; = 1;p — batch;r;| Y. T;
1|p — batch| Y T;

1p; =

p;p — batch; ri; b < n| > w;T;

e maximal open:

1|tree;p — batch; b < n|Craz

1|chains; p; = p;p — batch;ri;b < n|Lmas
1|outtree; p; = p;p — batch;ri; b < n| " C;
1jtree; p — batch; b < n| Y C;

1lp — batch; b < n| Y w;C;

1|prec; p — batch;r;| > w;C;

1|prec; p — batch;r;| Y U;

1|prec; p; = p; p — batch; r;| > w;U;
1|prec; p — batch;r;| Y. T;

1p; = p;p — batch; ri;b < n| Y w;T;
Lprec;p; = p;p — batch; ri| 3 wiT;
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Single machine problems with non-negative time-lags

¢ maximal polynomially solvable:

1lchains(l); p; = p|Crmaz
1jouttree(l); pi = 1;7;|Cmaz
1|prec(1)|Cmaz

1|prec; r;|Cmaz

1jtree(l); pi = 1|Crmaa
1lintree(l); p; = 1| Limag
1|prec|Limaz

1|prec(1)5pz = 1;Ti|Lma,z
Lprec; pi = p;7i|Linas
lichains(l); p; = p| 3- C;
llouttree(l); p; = 1;r;| > C;
Llprec(1);pi = 1373 > C;
Uprec;pi = pyri| 32 Ci

Lp; = p;ri| 3o wiCs

1lsp — graph| > w;C;

X Ui

Up; = pyri| Yo wiU;

lp; =p;mi| 2 T;

Lp; = 1;m3] Y wiT;

lp;i = p| Y} wiT;

Munier & Sourd (2003)
Bruno et al. (1980)
Finta & Liu (1996)
Lawler (1973)
Bruno et al. (
Bruno et al. (
Lawler (1973)
Bruno et al. (1980)

Simons (1978)

Brucker et al. (2006)

Brucker & Knust (1999)

Baptiste & Timkovsky (2004)

Simons (1983)

Baptiste (2000)

Lawler (1978)

Moore (1968), Maxwell (1970), Sidney (1973)
Baptiste (1999)

Baptiste (2000)

Assignment-problem

Assignment-problem

980)
980)

—

e maximal pseudopolynomially solvable:

| 2 wil;
YT

Lawler & Moore (1969), Karp (1972)
Lawler (1977), Du & Leung (1990)

e minimal NP-hard:

x  1|chains(l)|Craz
x  1|chains(li;); pi = 1|/Cmaa
x  1lintree(l); p; = 1;7|Criaz
* ]'lprec(l);pi = 1|Cmazc
x  1|outtree(l);p; = 1|Limag
* llrileaw
x  1|chains(l)| > C;
x  1lprec| > C;
* 1|Tz'| ZC,
x  1|chains(1);p; = 1| > w;C
x  1|chains;p; = 1; 7| > w;C
*  1lprec;p; = 1| 3 w;C;
x  1|chains;p; = 1|Y.U;

1|| sz'U,'

U X T

1l|chains;p; = 1| Y. T;

1> wiTs

Wikum et al. (1994)
Yu (1996), Yu et al. (2004)
Brucker & Knust (1999)
Leung et al. (1984), Timkovsky (2003)
Brucker & Knust (1999)
Lenstra et al. (1977)
Brucker & Knust (1999)
Lawler (1978), Lenstra & Rinnooy Kan (1978)
Lenstra et al. (1977)
i Tanaev et al. (1994)

i Lenstra & Rinnooy Kan (1980)

Lawler (1978), Lenstra & Rinnooy Kan (1978)
Lenstra & Rinnooy Kan (1980)

Lawler & Moore (1969), Karp (1972)

Lawler (1977), Du & Leung (1990)

Leung & Young (1990)

Lawler (1977), Lenstra et al. (1977)

e minimal open:
1{chains(1); pi = p; 1i|Cmaz
1lintree(l); p; = p|Cmaz
1|outtree(l); p;i = p|Crmaz
1|chains(1); p; = p|Lmax

1chains(l); p; = 1; 7| Limaz
1|chains(1)| 3 C;
llchains(1);p; = p;1il > C;

L|chains(li;);pi = 1| 3 Ci
Llintree(1);p; = 157;] 3 C;
llintree(1);p; = p| Y- Ci
1|intree(l); p; = 1| >, C;
1|outtree(1);p; = p| > C;
Upi = pyril 2o wiT;

e maximal open:
Louttree(l); pi = p; 7i|Cmaxz
llprec(1);7;|Crmaz
1jtree(l); pi = p|Crmaa
lchains(l); p; = p; 7l Lmaaz
Lintree(l); pi = p|Lmazx

1|prec(1)| Lmaz
1prec(1); pi = p;Ti|Lmae
Llprec(li;);pi = p;ril Y Ci
1jtree(1)| > C;

p; = p;ril Y wiT;
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Flow-shop problems with transportation delays

¢ maximal polynomially solvable:
F2|pm = ].,tz € {TI;T2}|Cmaa: Yu (1996)

F2|tir = T|Cmaz Johnson (1954)

Flpij = ;| > C; Brucker et al. (2004)
Flpij = Litg;r| 2o wilUs Single-machine problem
Fipij = Litg;ri] Do wiTy Single-machine problem

e minimal NP-hard:

«  F2|pij = 1;ti|Craa Yu (1996), Yu et al. (2004)
*  F2|ri|Craa Lenstra et al. (1977)

+  F2Jt; € {T1,Ts}|Crae  Yu (1996)

*  F3||Craz Garey et al. (1976)

x  F2||Lpmaz Lenstra et al. (1977)

* F2||3C; Garey et al. (1976)

x  F2|p;; = 1;t;;m| Y. C;  Brucker et al. (2004)

x  F2|p;; = 1;t;| > w;C;  Brucker et al. (2004)

e minimal open:
F2|p;; = 1;t; € {T1,T2};7i|Crnae F2|pi; = 15t € {Th, To};m3] D Cs
F3|pij = 1;t; € {T1, T2}|Craa F3|pij = 1;t; € {Th, Ta};mi X Ci
F2|pi; = 1;t; € {Th, T5}|Linac F3|pi; = L;tix| > Ci

F2|p;; = 1;t; € {T1, To}| Y- wiC;
F3|pij =1;t; € {Tl,T2}| szcz

e maximal open:

Flpij = L;t| Y Ci  Flpiyy = Lty € {T1, Ta}; 74| Y wily, Y wily  F3|piy = Ly tag; 3| 2 wily, Y- wiTy
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Open-shop problems with transportation delays

¢ maximal polynomially solvable:

Olpij =Lt = Tlcmam
02||Craz

02|pij = L;tige = T';73|Crnaa
02|pij = 15t11|Crmaaz
O|pij = ]-QT'ileaz
Om|pij = 13"'i| ZCZ
O|pij = 1| Zw,CZ

O2|pij = Ltw| ) wiCi
Olpi; =1|2_U;

O2lpij = Lty =T|3_U;
Om|p,~j = 1;Tz’| ZwiUi
Olpi; =12 T;

Rayward-Smith & Rebaine (1992)
Gonzalez & Sahni (1976)

Brucker et al. (2004)

Knust (1999), Brucker et al. (2004)
Brucker et al. (1993), Networkflowproblem
Tautenhahn & Woeginger (1997)
Brucker et al. (1993)

Brucker et al. (2004)

Liu & Bulfin (1988)

Brucker et al. (2004)

Baptiste (2003)

Liu & Bulfin (1988)

e minimal NP-hard:
O2|tikl = Tlcmaav
03||Craz

OHCmaz

Olpij = 13tk = tix|Crac
02|pij = l;tz’|cmaz
O2|r,~|Cmaw

02|t; € {11, T2} Criaz
02||L 0z

02[| 32 C;

O2|pi; = Litg;ri| 32 C;
O2|pi; = L;ts| 3o wiCs
Olpi; = 1L;14| > Us

KO K K K K X X X K

Yu (1996)

Gonzalez & Sahni (1976)
Lenstra (-)

Rayward-Smith & Rebaine (1992)
Yu (1996), Yu et al. (2004)
Lawler et al. (1981,1982)
Yu (1996)

Lawler et al. (1981,1982)
Achugbue & Chin (1982)
Brucker et al. (2004)
Brucker et al. (2004)
Kravchenko (1999)

e minimal open:
02|pi; = 1;t; € {T1, T2} Crnas
02|pij = 1§tkl§ri|cmaw
Oglpij = ]-;ti € {T1;T2}|Cmaz
O3|pi; = Litiry = T57i|Crnae
O3|pij = 1t = tig|Crmae
02|pij = L;tirg = T;7i|Linaa
Oleij = l;tkl|Lmax

O3|pij = Litity = T'|Limaa Olpij = 1| Y- w;U;

Olpij = ;13| > Cs O2|pi; = Lt =T > wiU;
O2|pi]' B ].;ti € {Tl,T2}| ECZ 02|pl-j = 1;’!‘i| ETZ

O2|pi; = Litiw =T5mi| 22C; O2|pij = Lt =T| 3 T;

O3|pij = Litiw =T| Y- C; O3|pij = L;ri| X T;
02|pi; = 1;7i] Y- wiCj O2|pij = 1|3 w;T;
O3|pi; = 1;7i] Y w;iC; O3|pij = 1| w;T;

e maximal open:

Olpij = Litina| D Cs
Olpij = Litr;ri| D wiCh

Olpij = 1;t; € {T1, To}| > wiU;

O3|pi; = L tigs; 3| > wiU;

Om|pi; = 1L;t; € {11, To};ri] X wiU;

Om|pij = Lite;ri| Do wiU;
Olpij = L;t; € {Th, Ta}; 1| Do wi Ty
O3|pij = Litarss ri| 3o wiT;
Om|pi; = Litg;ri| 3o wi Ty
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Flow-shop problems with transportation times and a single robot

¢ maximal polynomially solvable:

F2||Craz Johnson (1954)

F2; R1|pij = 1;t|Crae Hurink & Knust (2001)
F2; Rl|p;; = p;t; € {T1,T2}|Cmaz  Hurink & Knust (2001)
F3; Rl|p;; = 1;tk; 73| Crnae Baptiste et al. (2004)
F;Rlln > m — 1;pij = p; tk|Crmee  Hurink & Knust (2001)
F3; R1|pij = 1;tg| Linag Baptiste et al. (2004)
Flpi; = p;ri| > wiC; Single-machine problem
FZ; R1|pz’j =DpP; tz’k = T;Tz'| Z w,C, Knust (1999)

Flpij = pyri| > wiU; Single-machine problem
F2;Rl|p;; = p;tir, = T3] Y- w;U;  Knust (1999)

Flpi; = p;ri| 2T Single-machine problem
FZ; R1|pij =p;tix = T;T’i| Z Tz Knust (1999)

Flpij = 13 Y- wiT; Single-machine problem
Flpi; = p| > wiT; Single-machine problem

F2; R1|p,’]‘ =D t,'k = T| EwiTi Knust (1999)

e minimal NP-hard:

F2|r;|Craz Lenstra et al. (1977)

F2; R1|pij = p; ti|Crmaz Hurink & Knust (2001)

F2; Rl|tit, = T|Craz Kise (1991), Hurink & Knust (2001)
F3||Craz Garey et al. (1976)

F3; R1|pij = p; tik; 74|Cmae  Knust (1999)

F2|| Lz Lenstra et al. (1977)

F2, R1|p” = ].7 t“ ’f'i|Lm,“; Knust (1999)

F3; R1|p;j = 1;tik;7i|Linaz  Knust (1999)

F3; R1|pij = p; tik| Limae Knust (1999)

F2|13C; Garey et al. (1976)

F2;Rl|p;; = 1;t;;r| >, C;  Knust (1999)

F3;R1|pij = 1;tu; 5| . Ci Knust (1999)

F2; R1|pij = 1; tz'| szU, Knust (1999)

F3; R1|pij =1; tikl S w;U;  Knust (1999)

F2; R1|pij = ].; ti| ETz Knust (1999)
(1999)
(1999)
(1999)

KKK X K K X X X X X X

F3; R1|pij = ].; tikl Z Tl Knust (1999
*x  F2;Rl|p;; = 1;t;] > wiT; Knust (1999
F3; R1|pi]‘ = 1; tz’kl Z wiTi Knust (1999

e minimal open:
F2; Rl|p;j; = 1;t; € {T1,T2};7i|Cruae Fm; R1|ps; = 1;tik = T|Lppas
F3; Rl|p;j; = 1;t; € {T1,T2}|Crnaa F2; Rl|p;; = 1;t; € {T1,T2}| Y- C;

F3; R1|pij = p;ti = T'573|Crnaa F3; Rl|pij = L;ty, =T| > C;
Fm; Rl|pi; = 1ty = T;73|Crnae F3;Rl|pi; = L;ty, =T| 3 U;

F2; Rl|p;; = 1;t; € {T1,T2}|Linax F2|p;; = pyri| Y- wiT;

F3; Rl|p;; = L;ti = T 7| Linae F2; Rl|p;; = 1t = T3 > wiT;
F3; Rlpi; = p;tix = T|Lmas F3|pij = pyril ) wiT;

e maximal open:
F3; R1|pij = p; tir|Craa F; Rl|p;; = p;t; € {T1, To};75| > wil;
F; Rl|pij = Litix; 76| Crnac F; Rl|pij = p;te;ri| Yo wils
F; Rl|pij = p;ta] Y- wiC; F3; Rl|p;j = p;tisri| 3o wiT;
F; Rl|p;; = 15t| 3 Us F; Rl|pij = p;iti € {T1, Ta}; 7| Y- wiT;
F3; Rl|p;; = p;tisril ) wU;  F; Rl|py; = pte;ri| Yo wiT;
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Parallel machine problems with a single server

¢ maximal polynomially solvable:

P;S].|Si = 8;pi = P; T'ilcmaz
P||>Ci

P2: S1|s; = 1|3 C;

P;S1|s; = s;p;i = p;ril 2- Ci
P;Sl|pi: 1|EwiC,~

P; S1is; = s;pi = 1;74| Y wiC;
Plp; = p;ri| Y wiC;
P;Slpi =13 Ui

P; S1ls; = s;p; = 1;75| Y w;U;
Pmlp; = p;ri| 3 wiU;

P; S1|s; = s;p; = p| > wiU;
P;S1is; = s;p; = 1;15| 2T

Brucker et al. (2002B)
Bruno et al. (1974)
Hall et al. (2000)
Brucker et al. (2002B)
Hall et al. (2000)
Brucker et al. (2002B)
Brucker & Kravchenko (2008)
Hall et al. (2000)
Brucker et al. (2002B)
Baptiste et al. (2004)
Assignment problem
Brucker et al. (2002B)

Plp; = p;ri| 2 T;
Plp; = 1,13 Y- wiT;

P;S1|s; = Lipi = 1imi| 3o wiT;

P;S1|s; = s;p; = p| Y wiTy

Brucker & Kravchenko (2005)
Networkflowproblem
Assignment problem
Assignment problem

¢ maximal pseudopolynomially solvable:

P2,Sl|81 = 1|Cmaz
Pmlr;|Cmaz

Pm|| Zw,Ci
P2;Sl|pi = 1| ZwiUi
Pm||Ew,~U,-
P2;S1pi=13T;

Hall et al. (2000), Kravchenko & Werner (1997)
Lawler et al. (1989)

Lawler et al. (1989)

Single-machine problem, Hall et al. (2000)
Lawler et al. (1989)

Single-machine problem, Hall et al. (2000)

e minimal NP-hard:

P2||Craa
P2751|pz =p|0maz
* P”Cma:}:
*  P2;S1|s; = 5|Craa
* P2;S]-|pi = 1;7'i|Lma:c
*  P2;S1|s; = 1|Limaq
P2; S1lp; = p| 3° C;
x  P2|ry| > C;
. PSUp = 1n| TC,
* P2;Sl|s,~:s|ZC’,~
*  P;Sl|s; =1]>C;
P2|| Z’U),'Cz’

P2;S1p; = 1| 3 w;U;
P2;S1|p; = 1| Y T;
* P2;Sl|pi:1|zw,'Ti

Lenstra et al. (1977)

Brucker et al. (2002B)

Garey & Johnson (1978)

Hall et al. (2000)

Single-machine problem, Brucker et al. (2002B)
Hall et al. (2000)

Brucker et al. (2002B)

Single-machine problem

Single-machine problem, Brucker et al. (2002B)
Hall et al. (2000)

Brucker et al. (2002B)

Bruno et al. (1974)

Lenstra (-)

Single-machine problem, Hall et al. (2000)
Single-machine problem, Hall et al. (2000)
Single-machine problem, Hall et al. (2000)

e minimal open:
P27 Sl'pz = ]-7 Ti|0maz

P2;81|s; = 1;p; = p; 7i| Linaa

Pm;Sl|si = 1| ZC;

P2;S1|s; = 1;p; = p; 14| 2 wiCi

Plpi =p;ri| 2 U;
P2|p; = p;ri| Yo wiT;
P2;Sl|8i = 8/p; = I;Ti| ZwiTi

e maximal open:

P;S]-|pi = 1§Ti|Cmaw
Pm;Sl|8,~ = 1|EC$

P; S1|s; = s;p; = psril 3 wiU;
P; S1|s; = s;p; = psril 2 wi'Ty
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Flow-shop problems with a single server

¢ maximal polynomially solvable:

F2||Craz

F2;81|pi; = p;sij = 8;74|Crmaz
F; S1|pij = 15545 = 8;74|Crnaa

F; S1|pij = p; 8ij = 5|Cmax

F2;S1|pij = p;si5 = 8574 2 Ci
F; S1|pi; = 15545 = s;74] ) Ci

Flpij = p;ri| 2 wiC;

F2;S1|pij = p; si = 1;74| 3o wiC;

Flpij = p;rs| > wiU;

F2;S1pij = p; sij = Liri] Yo wiUs
F2;51|pij :p;sij = S| ZwiUi
F;Sl|pij = 1;8ij = s|2wiU,

Flpij = p;ri| X T;

F2;S1|pij = p;sij = ;14| 3 T;

Flpij = L1 > wiT;
Flpij = p| Y wiT;

F2;Sl|pi]‘ :p;sij = S| EwiTi
F;Sl|pz’j = ].;Sz'j = S|EwiT,

Johnson (1954)

Brucker et al. (2005)
Brucker et al. (2005)
Brucker et al. (2005)
Brucker et al. (2005)
Brucker et al. (2005)

Single-machine problem
Single-machine problem
Single-machine problem
Single-machine problem
Assignment problem
Assignment problem
Single-machine problem
Single-machine problem
Single-machine problem
Single-machine problem
Assignment problem
Assignment problem

http://www.mathematik.uni-osnabrueck.de/research/0OR/class

¢ minimal NP-hard:
F2;S]-|pij :p|0ma:c
F2|ri|0ma:c

F2;S].|Sz'j = 3|Cmaw
F3||Cmaz

F2||Lmaz

F2;S]-|pij = ]-;Tileaw
F?’;Sllpij = ]-;Tileaw
lipwer

F2;51pij = 134 32 Ci
F3; 51pij = 1,4 32 Ci
F2;Sl|pij = 1| Zw,UZ
F3;Sl|pij = 1| Zw,UZ
F2;S].|pij = ].| ZT,
F3;Slpy; = 1|2 T;

X F2;Sl|p,’j :1|szT,
* F3;Sl|pij :1|Ew,~Ti

KK K X K K X X ¥

Brucker et al. (2005)
Lenstra et al. (1977)
Brucker et al. (2005)
Garey et al. (1976)

Lenstra et al. (1977)
Brucker et al. (2005)
Brucker et al. (2005)
Garey et al. (1976)

Brucker et al. (2005)
Brucker et al. ( )
Brucker et al. ( )
Brucker et al. ( )
Brucker et al. (2005)
Brucker et al. ( )
Brucker et al. ( )
Brucker et al. ( )

e minimal open:

F27S]'|p’l] = 1|Cmaz
F2,S].|S1‘J = 1|Cmaz
F3;Sl|pij = 1|Cma,w
F3;Sl|pij =D;Sij = l;rilcmam
F2; S1|pij = 15855 = 8;7i|Lmaa

F3;S1|p;; = 1585 = 17| Linaa
F3;S1|pij = p; 8ij = 1| Linaa
F2;Sl|pij = 1|ZC,
F3;Sl|pij = 1|ZC,
F3;S1|ps; = p; si; = 1| ) Ci

FQ;Sllpz'j = 1;81']' = S;T‘,'| szCZ
F37S].|pz] = 1;81']' = 1;r,~|2wiC’,-
F2|pij = pyri| 3o wiT;
F2;Sl|pij = 1;8,']' = 1;r,~|2wiT,~
F3|pij = p;ril 3o wiT;

e maximal open:
F2; S].|S@'j = ]-|Cmaw
FS; S]-|pij =Dp; Ti|0maw
F351|pij = ]-QTilCmaw
F; Sl|pi; = p| > wiC;

F3;S1|pij = p| >_U;
F;Sl|pij = 1|ZU1
F; S1|pij = p;si5 = ;74| 2 wiU;
F; Slpi; = p;si; = s;ril Yo wiTy




