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(Development of an Intelligent System for Lagrangian
Structural Identification and Relaxation
for Integer Programmings)
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Abstract
This research investigates the automatic identification of typical embedded
structures in the Integer Programming (IP) models and automatic transformation of the
problem to an adequate Lagrangian problem which can provide tight bounds within the
acceptable run time. For this purpose, the structural distinctiveness of variables,
constants, blocks of terms, and constraint chunks is identified to describe the structure
of the IP model. To assist the identification of the structural distictiveness, the
representation by the knowledge based IP model formulator UNIK-IP is adopted. For
the reasoning for the structural identification, the bottom-up, top-down, and case-based
approaches are proposed. A prototype system UNIK-RELAX is developed to

implement the approaches proposed in this research.

Systems) <AFAES EPTE]  (Model
1. He Management) ofe]l & AL 23
FUAR BYE qUT gepoeqs O 1D Fh SE0 AT € 28 2
sy = A e o
AgdAEAE AT AN - E = >
tgsgs  zag, myage o 2 30 o
7] &) 2] oF A (knowledge-  intensive) A Hg EAe B ol
E43 EEgAe BWagel ue u  EUWORH AHRIHrE d§  oun
MAEHY AgABelAL 2y rge M ERsaA st Wide HHG
olFA WET ol& Iuspy) fwa  TAS FE KA BRI w3,
AALAH AWM A® (Decision  Support E¥Ee goke AEd H43AY =¥
B} dFolgded, g FLAY
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2y uLdg AY YA FAIL
Aok o AT 2FL A4S
o] g3 w4 EAE u]EFHQ R
23L& F3leon, oAM= Simplex
¢t7a}&, Interior Point €xEF ¥
Branch and Bound &I &]F #ellAe] 3HE
Ze  UAEACE d77t o]FFY
(25, 34].

o|A= A4+ AY ryPoA NP-hard §4&

= EAE s¥3z, 2 EA]
g1EA L &3714 (Lagrangian
Relaxation Method) & Ag3le] 1RJY
| AET ofd  gAEAAE

F2[20], 2 HAEAIE AEFLEAN &7
ojg]¢ diAdEA uis A HIF=F
W= Aol RYPFE  Hop] AFF
A o)},

ol FAME HAsHY) A, 4
H4AY EANAM NP-harde] EA R
I §¥el Hgs ETFH ARE Zx
FaHAete] 2PL  Hode  FHAol
gasiy, 2 A¥RPoz FeAY 2 9
WEFZ  (Embedded Structure) &
dAsE Aol W I HEFERE
AA 71 ZxE EFHCE  0-1 knapsack
T%, assignment -+X, generalized upper
bound #+3%, variable upper bound X,
one spanning tree 7%, FHAY =Y
%4& I+ knapsack TXE, g
AeAY 7z Solth. AMEAE ATAY
A AY A" WIK-1P & o]8#HA
YL uiEHA HHAM BIE
A, I BEE EYY dHE FXE
GAsA HEd, 2 2+ drkAg
Ax 2 FAIGY 2 uriAY BAHE
W (Variables) 9 Al (Coefficients)
7§, 3§ (Blocks Of Terms: BOT's) Z§A,
A eFA  (Constraint Chunks) 24|, 28]
=X A (Objective Function) ZH|Eo|r).
Z+ 7] W= Distinctiveness & Z=t}h

golle 7 &7} AHgAe] oA B2HEE
A8 EYNAM A3t FEHHO|
gasit odd FEHFL IA AR
EREY 2o ®¥W4 9 Ale gH=
e F8H e ALYF FE B4
(Forward Chaining Method), W® F%9]
S48y Hoste] g4 (top-down) oF
izl A E4E HYse 99ud
%8 W4 (Backward Chaining Method),
283 HBAY FEHAY HIFELE #AL
Wzstze HAE Adse FEHY FE
HHAl (Case Based Method) && o]&%d).
WEFZE JoEHYE SIT8AG BPSR
$3hA7 = HB3E APl Hod ol
UNIK-1P  Aolld  u|E3  m¥HA
o|Fo|Zit}. o] AHLE A VAR Y=
+7F e AA A4 AHME LA},
I AgAe) FAR BHI¥AL T
Mz AAE J4HYW, I s YA
A2e F (B0T) & YT a1 %9
EH 4 a9 AP AgHe] AESIA
HalAlE  Foll  @std A A
HIAAE BYP  ojgHA g F
A EH A4 AAES AAE

e olEFHA YL vYgLE
=256 AA®Ql UNIK-RELAX (UNIfied
Knowledge -RELAXation) 7} ZWgd=EQch 1

HNage Z X ANBHANAH
(UNIK-O0BJECT), & #F3:E8 AAaH
(UNIK-FWD), o L\ FEA2H
(UNIK-B¥D), A+AY 23 A2H
(UNIK-1P) S3}9] Interface® @t} [24].

—301—



2. B TAQL &3}
Lagrangian  Relaxation)
71

oo e FeAY 2y (1)-03) &
&7 ofEle AY¥Y gi(x)20 £
3t doka 7Hgshak

Minimize  z(x)
subject to gi(x)20 i=1,..r.(2)

and xeX i 3)
Aze HaTxG 2P AFY
(3)& 7HAT EFFr=
L(x,u) = z(x) + Z]_; #igi(x)
& ZEd a8z AEH ()
HFste A1/ AL FFE us FHA
o 2 L B e A S ) R 2 D L R L B

A8 E¥e ded Ao

Minimize L(x,u) = z(X) + Z1; #;gi(X)
subject to x € X

Fisher [9] = NP-hard EAEE
Generalized Assignment Problem, General
_ Integer  Programming Problem, Set
Covering and Partitioning Problem,
Location Problem, Scheduling Problem,
and Traveling Salesman Problem %
6714 FPez BFsHI ol EA
gzt &3S HEs F2
ANE 4L =HaPAL EAE I
At

Z  R4AY EASL He EelA
deid  77bxel ¥ el suE
e oW del del MPste

gaaxgt EAz &3 H: RS
A3ty gk 22T S3HE AFHE

WELZ wme g2t 1 #FHE
s ohgst 2o
No ‘Embedded Lagrangian
Structure Problem
1 | 0 I _Knapsack 0_1_Knapsack
problem
2 | Assignment Assignment
(Perfect-2 problem
Matching) (Perfect-2
Matching)

3 | 0-1 General Upper | 0-1 General Upper
Bound(GUB) Bound problem

4 | 0-1 Variable 0-1 Variable Upper
Upper Bound(VUB) |Bound problem

1-Spanning tree
problem

5 | 1_Spanning_tree

6 |Knapsack_with Pseudo polynomial

_time _horizon Dynamic
Programming (DP)
7 | General IP_with | Group problem
_unbounded
<Table 1> Relationships between

Embedded Structure and Lagrangian Model

) WEFEZ 15 9 AL 1
Tz A=A o2 Aok g @3Ft

2) MEFLRIL 6 A BY 0 2 FE8
Asd Ay 3%t

3) WEERIE 7T A FE 2 ¢
23o]A unbounded variables & ZI&

A kA LFE &3
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3. WE+3 (Embedded
Structures) ¢ %%

A3FeE  AFHY HEFZE
Holatyl S8 "UadH SFHY 84S
B8szA %ok UNIK-1P (34] =
AEAY ZHE A AAE AL
285y ok olE AXE HETRY
=xyg  BAE 98 d8 &4
(attribute) & 3zr=d, IHAE FE=
Distinctiveness 23 FEth.

aed  4ZkAle] AAE AEsE
HAYHN 77X WEIERI ZF AA=R
@A BHEE HE AFHEA.

3.1 W49 A4 (Variables
and Coefficients)

widof] tiFr Distinctiveness =
binary, nonnegat ive_integer, he k-1 k1
integer 5 °2 TRz, A
Distinctiveness <+ real, nonnegative,
nonpositive, constant. & T2%ch

3.2 g (Blocks of
Terms :BOT) 9]
Distinctiveness

BOT ¢ Distinctiveness & 71&AHA
A3 B3He Aoy Uy ¢/ U
1) 7182l Distinctiveness

o Integer Variable: each variable in

the BOT is an integer variable.

« 0 I Integer Variable: each variable
in the BOT is either for 1

-303 —

Nonnegative_Integer_Variable: each
variable in the BOT is a nonnegative

integer variable.

Real_(vefficient: each coefficient in

the BOT is a real number.

Nonnegat ive_Real_Coefficient: each
coefficient in the BOT is a

nonnegative real number.

Constant_1_Covefficient: each
coefficient in the BOT is 1

Constant_2_Coefficient: each
coefficient in the BOT is 2

(onstant_n_Coefficient: each
coefficient in the BOT is the same

number n

Constant_S-1_Coefficient: a value of
coefficient in the BOT is the “total
mmber of elements included in the

set $* minus 1.

Two_Indices:  there  exist two

summation indices in the BOT.

Precedence_Restricted Index: the
first index in the BOT has a
precedence restriction over the

second one in the Two_ Indices cases.

Sum with First Index: the BOT is

summed by the first index.

Sum with Second_ Index: the BOT s

sumned by the second index.



¢ Time_Indexed: one of the indices in

the BOT implies time unit.

o First Index_is 1: all values of the
first index in the BOT are fixed to
1.

2) E¥A<Ql Distinctiveness

712 A ¢l Distinctivenesses + AND,
OR, =+ X0R & Z& AIAE o|&31H
ottt E3FAHQ Distinctivenesses &
248 7 U g9irEd FHe
== d =

OPERATOR (OPERATOR
(Elementary distinctiveness_l
Flementary distinctiveness_2

Flementary_distinctiveness_))
o Volume Sum 0 1=
AND (Nonnegative Real Coefficient
0 1_Integer_ Variabld

o Volume_ Sum_ Integer =
AND (Nonnegative Real Coefficient

Nonnegative_ Integer Variable

e Count Sum 01 =
AND  (Constant_1_Coefficient
0 _1_Integer_Variable)

+ Precedence_Node =
AND (Precedence Restricted. Index
0_1_Integer_Variable)

« Starting Node =
AND (AND (First_Index_is_ 1
Sum_wi th_Second._ Index
0_1_Integer Variabld

o First XOR Second_ Index_Sum
=AND (XOR (Sum_with_First_Index
Stm_with_Second_ Index)
)

Two_Indices

3) BOT 9
A

ol ¢ ZFAAIE 3trte] BOT 7} o7
Distinctiveness & 3zt AH$o, e
o272 BOT €& Zt& AYA HA|A
AHeletr] fsh APYAYSE BOT Aol A
323t A "Wad Aol

Distinctiveness 9

o 0 1 Integer Variable c

Nonnegative_ [nteger Variable

o MNonnegative Integer Variable <
Integer_ Variable

o (onstant_1 (vefficient -
Nonnegative Real Coefficient

o (onstant_2_Coefficient c

Nonnegat ive_Real_Coefficient

« (onstant_n_Coefficient c

Nonnegat ive_Real_Coefficient

o Nonnegative Real Coefficient —
Real_Coefficient

o Count_Sum 0 1 — Voluwme Sum 0 1
o Volume Sum 0 1 — Volume Sum_ Integer
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3.3 A F 4l 2] ( AT_LHS ( Count_Sum 0.1

Distinctiveness Sum_with_second_index)

gurHel gRYAL the 2o AND
AT_RHS ( Constant_l_Coefficient))
ALL BOT VD
( AT_LHS ( Distinctivenesses of BOIs OPERATOR = 59
in LHS ) ; 3¥F
4) 0_1_GUB(Generalized Upper Bound)
AND Constraint

AT_RHS ( Distinctivenesses of BOTs
in RHS )) ; $+¥HE

ALL BOT
AND ( AT LHS ( Count_ Sum 0
OPERATOR = XOR [EQ GE LE/ First_XOR_Second_Index_Sum )_
) ] AND
kRS APHA WEFZE R AT RHS ( Constant. 1_Coefficient))
o8] A|<F4] Chunks ¢ Distinctivenesses o
x ez e 107 A7 FRE

OPERATOR = F§
1) Capacity Constraint

ALL BOT 5) 0_1_Bounded Constraint
( AT_LHS ( Volume_Sum_0_1 )
AND ALL BOT
AT_RHS (nonnegative _Real_ (AT_LHS ( Count_Sum 0_1 )
Coefficient )) AND
AND

AT_RHS ( Volume_Sum_0_1))
OPERATOR = LF AND

OPERATOR = LF
2) First_Matching Constraint

ALL BOT 6) One_Cycle Constraint
( AT_LHS ( Count_Sum_0_1 ALL BOT
Sum_with_first_index) ( AT_LHS ( Precedence_Node )
AND AND
AT_RHS ( Constant_lI_Coefficient)) )}ALFHS (Constant_S-1_Coefficient
A AND

OPHERATOR = FQ OPERATOR = LF

3) Second_Matching Constraint

7) Starting_Node_Degree Constraint
ALL BOT

ALL BOT
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( AT_LHS ( Starting Node)
AND
AT _RHS ( Constant_2_Coefficient))
AND
OPERATOR = FQ

8) Edge_All Constraint
ALL BOT

( AT_LHS ( Precedence_Node)

AND

AT_RHS ( Constant_n_Coefficient))
AND

OPERATOR = E@

9) Polynomial_Recursive Constraint
ALL BOT

{( AT_LHS ( Volume_ Sum_Integer
Time_Indexed )

AND

AT_RHS { Nonnegative Real
Coefficient ))
AND

OPERATOR = FYQ

10) Group Constraint
ALL BOT

( AT_LHS ( Integer_Variable)
AND

AT _RHS ( Real _Coefficient))
AND

OPERATOR = LE

3.4 5339
Distinctiveness

gurge BRYNL e Bk
ALL BOT

( OBJECTIVE ( Distinctivenesses of

the BOTs in Objective Function))

AND
DIRBCTION = XOR {MAX MIN)
3.5 22z

Distinctiveness

B2, oL BT HLAY =y
A Az BEHF42o Distinctiveness o
A AH®Erh HFAHQL  17HAY
JETZE EY8 BA

1) 0_1_Knapsack Structure
IF (BXIST CONSTRAINT ( capacity ))
THEN STRUCTURE = 0_I1_Knapsack

2) Assignment Structure

IF EXIST CONSTRAINT
() first_matching second_matching

THEN STRUCTURE = Assignment

3) 0_1_GUB Structure
IF  (BXIST CONSTRAINT ( 0_1_GUB ))
THEN STRUCTURE = 0_1_GUB

4) 0_1_VUB Structure

IF (EXIST CONSTRAINT ( 0_1_
bounded })
THEN STRUCTURE = 0_1_VUB

5) 1_Spanning_Tree Structure

IF  (BXIST CONSTRAINT ( one_cycle
starting node_degree edge _all

THEN STRUCTURE = 1 _Spanning Tree

6) Knapsack_with_Time_Horizon
Structure

IF  (BXIST CONSTRAINT (
nomial_recursive ))

THEN  STRUCTURE = Knapsack with_
Time_Horizon

poly-
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7) General_IP_with_Unbounded
Structure

IF (BXIST CONSTRAINT ( group ))

THEN STRUCTURE = General [P
with_Unbounded

$e] 77EAe] UEFEE E Aol
vetd 4 A+ o4¥ Distinctiveness
£& AND/OR =2 EASHH Figure 1
o g

Figure 1 appears about here

4, JEFZO A2

4 FrEPge  oulEH

.1

zd
o] HAAM = A+AH EAE
JulEHQ #HBHoNM BHI}IZA Fh
olalle] BA: plant assignment problem
olt}, o]HAL UNIK-IP &1 E o] 83}y
23, =3} 2L AL FERFE

AX YEPZE HolstnA Bt

Minimize gll j§1 CyXij  wvrennn 6)
subject to

ﬁl agxy<bj, j=1,al e, 0

,gx"le’ i1, . (8)

xj={0,1} Yij e ©)

o714 i & j+& product®} plant&E
2]u]jich

9)e] EA+= generalized
problems ¢] ¥ ZEF/o|tl Figure 2 +
sle] EAE B Aolm, w9} AP
842} Distinctiveness 7} WERY} QA

assignment

ot Zy saAQt $3E H 837
9 2E Z Ao Distinctiveness &
AHelstal okew ¢rETh  UNIK-RELAX +
o] o] el o] A o] A Hlojete] 54
Aty Al o] Distinctiveness &
Aojdtct &3], He+ TYPE €589 ol
"binary'2 $42] (9) & tebdth

4.2 AFA 2Eu4

AgH FEPHLE He 2 Ae
HAE WA A3, BOTs, A4
A,  a=x 2y WETZE

o]t} UNIK-RELAX+= Figure 29} plant
assignment problem og 2H
‘distinctiveness” 2} ' embedded._
structure’ & A%t o]RA& Figure
A & B3y QAo & H¢AY Y
plant assignment problem & S/l
W32 E ZAE aR
0_1_Enapsack 3 0_1_GUB WX -ZZRojt.

o to

Ay FELAAM T ol
WE2Z7F GAEE Table 2 [1,2,9] oA
vepd WEEREY]  Z&4dd  mE
el d ANE  o]&3te  ConflictE
A e EolH KXo 0_1_GUB
Bt} 0_1_Knapsacke] $H¢$7 HS2
¢ 4 9tk Table 2= WEITLRZEY
$+He9E  Yeidz flew, ol:
A A FIE FHMAH 89 FHA.

Table 2 appears about here
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o]ZE A¥r] S WYY FEEF
(UNIK-FWD) & °]&3tglewd, HIAHE:
7+ & Figure 4 o|X 4Pz Qo

4.3 Y FERY

M4 2942 Table 2904 Yehd
E&Y FHdesld det FeAYPRye
WEL2E Fd Jrhe gaolth g
oA = UEZRE JHAX
A WFFo R 7 AA HE FsA
Foh UNIK-RELAX oA o] F2wu4g
Ay FEEZTQ UNIK-BWD & o)
o] x|n, Figure 5 *= UNIK-BWD EHej
g ZFAHE Aolw, 0_1_Knapsack +ZFE&
A3t Tt H ol

4.4 FHy #8144

A 2 Aollx+= generalized assignment
problem £ Z+& Np-hard ¢ EA7}
ERHoR SIaUAL @37t sheditn
AFstgck. ol#l¥  Np-hard  EAl9}
gIadA ¢ EAZ JdAFHE AL
Qe 1AL FxIHd XL 2¥S
Ao 3 MEEHE HadAL 2YPL
H4A & & Ud&E ¢ + Av} (Fisher,
1981).

Table 3 appears about here

4.5 2EFNE Y

ANA AFE kA BN - AR
2T, RN FEYY, A¥H

F294 - & E%31H Figure 6
2.

Nee) HeAY mY Y FxE
we ¢ 4 oW AW FEPAL
Hgas Aol EAHolw, 1A g
WEPze]  oE  REHA Hus
FolATH A 2o FTh ofF
BRI FelAA Qhe ASEL A4
22940 o Z AME WolN $i=
o) spof ot Heh.

5. SAFAG EAEY &3}

gl WEFTEZE  HoHW 2
WEFEZXE 1A Table 1o o}t
/AL EAZE AeHI, u)EFH
Y AAMe =sadAt &3t Axs)
o]FojZit), I @3} Hxlol: 571x
Aok,

Step 1 @3td A%y AHE
1ottt

- Tkl WEFZ7}F Table 1
o IR 15 39
Bfold,  FxRe} Aol

A AMFHE gt
- Wofo] WWEFZZI) Table 1
o] F2 6 ojH, Tz
AuE A HYdich
- TeFe] JEFZ7F Table |
o] #+Z 7 oH, unbounded

variables 8 a4
A FA g AdgFi.
[Bxample]
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plant  assignment EA+
Table 1 ¢ #= 1 (ie
0_1_Knapsack) & H+=t}.

0_1_Knapsack 3 Qo] Q&
plant_assignment_constrai

nt & V3o

Step 2. ¥t QA HIBAG
=+E 4% A2E $4L
ek Kig=

[Bxample/
@t A= Figure 7 ¢
(4o et Ao g@o

Ao AHE AMA=
o] F3g
A ggoH12].

IF  OPERATOR of relaxed

constraint is EQ,

THEN DISTINCTIVENESS of
lambda object is real.

IF  OPERATOR of
constraint is LE,
THEN DISTINCIIVENESS of
lambda object is
nonnegative.

IR OPERATOR of
constraint is GB,
THEN DISTINCTIVENESS of
lambda object is
nonpositive.

relaxed

relaxed

Step 3. A2 SaBAL
2= M2 BT £
g%t

[Example]
MZE BOTs &2 Figure 7
2] (2) 9 (3) o ATk

€
&

Step 4. [P-model 2 A ]
OBJECTIVE of =}2%=|¢t BOT
€& F7He

[BExample]
Z7}9 BOT €& FRigure 7 ¢
(1) o Aot

Step 5. Step 1 ©lA ghetd

¢31d AFHEHS oA

Adud BT §& AATch

[Example]

o] ool A A o4
plant_assignment_
constraint S}

plant_choice BOT $} one
BOT 7} Figure 3 eofA
ALA1E) 91k,

6. UNIK-RELAX®] 44

HWEFZY AFH A43 =1dASH
A9 P& FH3Y HHMAM fEe
UNIK-RELAX. AARE AE A
UNIK-RELAX ¢] ZAAMtx& Figure 8 o
Uelt itk UNIK-RELAXS] %8 3ieig
A93d o$3 g

(1) UNIX-IPE 3¢ H4AY 7Y
9)¥ & Figure 99} T}

(2) WEFx Ao F3 3L Figure
10= go.
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(3) @s3t8 =awAd 2 L ebd
3}H-& Figure 113} Z}

WEzFZe A3 A4 oAt
TAY BEE T3] HMAM LE=
UNIK-RELAX.  A2®g  /Hgsig
UNIK-RELAX ] HA|7Z& Figure 10 of
vept Qi AHoNM HFT F43%
Structural Identification £}
Lagrangian Problem Generation -
oo % Solver Controller =
AL F4E AT HAT 2AE
A& primal solution algorithm
(Branch and Bound) & SFZTAQLG EAH¢]
A ALE AL AAIFH

UNIK-RELAX = UNIK N1 E
ol 831 A JHE Tt 3], AARY
(UNIK-0BJECT), AW&:& (UNIK-FWD)

) =y
rE -

A2 UNIK-BWD), Ze)w AH¥
(UNIK-LP) 3 H<+AYRY  (UNIK-1P)
¥ 2384 214 INesE
#8359 (23].

o] dF= AMNHoRE EAN F4AY
Tyl A AY¥HA WERZRE
AsHog 43y, &3bE oA
TAZY AFHA HPo] AN5FEE
B F)

AR F o] dAFE  HAa

Ao =8 AZHFANI, “the world
of complexity'& 7[23x FHY g

7} &%= Marshall L. Fisher

ZedolA WU (o]AF)
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<Table 2> Efficiency Priority Between Embedded Structures

0 1 Knapsack |Assignment|0 1 GUB |0_1_VUB |1_Spanning
_Tree
0_1_Knapsack
Assignment Assignment
0_1_ GUB 0_1_Knapsack |Assignment
0_1_VUB 0_1 VUB Assignment [0_1_VUB
1_Spanning 1_Spanning 1_Spanning |1_Spanning |1_Spanning
_Tree _Tree _tree _Tree _Tree
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<Table 3> Types of Integer Programming Problems and Adequate Lagrangian
Problems

Generalized Assignment 0-1 Knapsack Chalmet et al.(1976)[5]
Fisher et al.(1980)[15]
General IP - Unbounded Variables Group Problem Fisher &
Shapiro(1974)[10]
Burdet(1977)[4]
- 0-1 Variables Generalized Upper Bound Etcheberry(1978) [8]

Set Covering - Covering Generalized Upper Bound Etcheberry(1977) [7]
and Partitioning |- Partitioning Matching Nemhauser and
Weber(1979) [6]
Location - Uncapacitated Variable Upper Bound Cornuejols, Fisher, and
Nembhauser (1977) [6]
- Capacitated Variable Upper Bound Geoffrion(1978)[18]
- Databases in Computer | Variable Upper Bound Fisher et al. (1981) [9]
Network
Scheduling - njm weighted Tardiness | Pseudo Polynomial DP Fisher (1973) [12]
- 1 Machine Tardiness Pseudo Polynomial DP Fisher (1976) [11]
- Unit Commitment Pseudo Polynomial DP Muckstadt (1977) {30]
Traveling - Symmetric Spanning Tree Held et al.(1970) [19]
Salesman Perfect 2-Matching Balas et al (1976) [2]
- Asymmetric Spanning Tree Bazaraa et al.(1977) [3]

Assignment

Balas et al.(1976) [2]
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{{ plant_assignment_problem
IS-A : IP_MODEL
DIRECTION : min
OBJECTIVE : (+ total_cost_BOT)

;This model is an example of
; Generalized Assignment Problem

CONSTRAINT : plant_capacity_constraint
plant_assignment_constraint} )

{{ plant_capacity_constraint
IS-A : CONSTRAINT
OPERATOR : LE
LHS : (+ plant_sum_BOT)
RHS : (+ plant_capacity_BOT)
UNIT_INDEX : plant }}

{{ plant_assignment_constraint
IS-A : CONSTRAINT
OPERATOR : EQ
LHS : (+ plant_choice_BOT)
RHS : (+ one_BOT)
UNIT_INDEX : product }}

{{ total_cost BOT
IS-A : BOT

ATTRIBUTE : unit_cost assignment_var

; pair of coefficient and variable composed a BOT

SUMMATION_INDEX : product plant }}

{{ plant_sum_BOT
IS-A : BOT

ATTRIBUTE : plant_volume assignment_var

SUMMATION_INDEX : product }}
{{ plant_capacity_BOT

IS-A : BOT

ATTRIBUTE : plant_capacity

SUMMATION_INDEX : }}
{{ plant_choice_BOT

IS-A : BOT

ATTRIBUTE : one assignment_var

SUMMATION_INDEX : plant }}
{{ one_BOT

IS-A : BOT

ATTRIBUTE : one

SUMMATION_ INDEX : }}

{{ assignment_var
IS-A : VARIABLE
SYMBOL : x
LINKED_INDEX : product plant
TYPE : binary }}
{{ unit_cost
IS-A : COEFFICIENT
SYMBOL : ¢
LINKED_INDEX : product plant }}

{{ plant_capacity
IS-A :COEFFICIENT
SYMBOL : b
LINKED_INDEX : plant}}

{{ product
IS-A : INDEX
SYMBOL : i

LINKED_ATTRIBUTE : assignment_var

unit_cost plant_volume }}

; a coefficient composed a BOT

; a constant

{{ plant_volume
IS-A : COEFFICIENT
SYMBOL : a
LINKED_INDEX : product plant }}

{{ one
IS-A :COEFFICIENT
SYMBOL : 1
LINKED_INDEX : }}

{{ plant
IS-A : INDEX
SYMBOL : j
LINKED_ATTRIBUTE : assignment_var
unit_cost plant_volume plant capacity }}

<Figure 2> An Illustrative Formulation of Plant Assignment Problem

Using UNIK-IP
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{{ plant_assignment_problem
IS-A: IP_ MODEL
DIRECTION: min
OBJECTIVE : (+ total_cost_BOT)
CONSTRAINT : plant_capacity_constraint plant_assignment_constraint
MODEL _STRUCTURE : Generalized_Assignment
EMBEDDED _STRUCTURE : 0_1_knapsack 0_1_GUB }}

{{ plant_capacity constraint
S-A: STRAINT
OPERATOR : LE
LHS : (+ plant _sum_BOT)
RHS : (+ plant_capacity_BOT)
UNIT INDEX: plant
DISTINCTIVENESS : capacity }}

{{ plant_assignment_constraint
IS-A : CONSTRAINT
OPERATOR : EQ
LHS : (+ plant_choice_BOT)
RHS : (+ one_BOT)
UNIT INDEX : ]Eroduct
DISTINCTIVENESS : 0_1_GUB}}

{{ total cost BOT
IS-A : BOT
ATTRIBUTE : unit_cost assignment_var

SUMMATION_INDEX : product plant
DISTINCTIVENESS : voluine_sum_0_1}}

{{ plant_sum_BOT {{ plant_cagacity_BOT
IS-A : BOT IS-A": BOT
ATTRIBUTE : plant_volume assignment_var ATTRIBUTE : plant_capacity
SUMMATION_INDEX : product SUMMATION_INDEX :
DISTINCTIVENESS @ volume_sum_ 01 }} DISTINCTIVENESS :nonnegative: real. coefficient }}
{{ plant_choice_ BOT ' {{ one_BOT

IS-A : BOT IS_A . BOT

ATTRIBUTE : one assignment_var AT-”TIiI%UTE .

SUMMATION_INDEX : plant SUMMATION mllr?IDEX .

DISTINCTIVENESS : count sum_0_1 .

\ : DISTINCTIVENESS : constant 1 fficient
first XOR_second_index_suim }} STINCTH S ¢ -constant__coefficient }}

{{ assignment_var
IS-A : VARIABLE

SYMBOL : x

LINKED INDEX : product plant

DIST!NCTIVENESg ;. binary: }}
{{ unit_cost {{ plant _volume

IS-A : COEFFICIENT IS-A : COEFFICIENT

SYMBOL : ¢ SYMBOL: a

LINKED INDEX : product plant LINKED_INDEX : product plant

DISTINCTIVENESS : nonnegative }} DISTINCTIVENESS : nonnegative } }
{{ plant_capacity {{ one

1S-A : COEFFICIENT IS-A : COEFFICIENT

SYMBOL : b SYMBOL : 1

LINKED_INDEX : plant LINKED INDEX : :

DISTINCTIVENESS :nonnegative }} DISTINCTIVENESS : constant }}

{{ product {{ plant

IS-A : INDEX IS-A : INDEX

SYMBOL : i SYMBOL : j

LINKED_ATTRIBUTE : assignment_var . LINKED ATTRIBUTE : assignment_var

unit_cost plant_volume }} unit_cost plant_volume plant_capacity }}

<Figure 3> Identified Embedded Structures in the Plant Assignment Problem
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(RULE volume_sum_0_t_BOT
IF
(BOT
~frame-name <BOT>
~ATTRIBUTE (equal (get-value (nth 0 <>) ‘DISTINCTIVENESS) 'nonnegative_real_coefficient)
~ATTRIBUTE (equal (get-value (nth 1 <>) 'DISTINCTIVENESS) '0_1_integer_variable))
THEN
(new-value <BOT> 'DISTINCTIVENESS 'volume_sum_0_1 })

(RULE nonnegative_real_coefficient_ BOT
IF
(BOT
~frame-name <BOT>
~ATTRIBUTE (equal (get-value 'DISTINCTIVENESS) 'nonnegative)
THEN
(new-value <BOT> 'DISTINCTIVENESS 'nonnegative_real_coefficient ))

(RULE capacity_constraint
IF
(CONSTRAINT
~frame-name <CONSTRAINT>
~LHS (equal (get-value <> 'DISTINCTIVENESS) ‘volume_sum_0_1)
“RHS (equal (get-value <> 'DISTINCTIVENESS) ‘nonnegative_real_coefficient )
~OPERATOR ='LE)
THEN
(new-value <CONSTRAINT> 'DISTINCTIVENESS ‘capacity ))

(RULE 0_1_knapsack_structure
[structure 0_1_knapsack]
IF

(MODEL

~frame-name <MODEL>

~CONSTRAINT (equal (get-value <> 'DISTINCTIVENESS) ‘capacity ))
THEN

(new-value <MODEL> 'EMBEDDED_STRUCTURE '0_1_knapsack ))

<Figure 4> Illustrative Rules for the Identification of 0 1 Knapsack
Structure in the UNIK-FWD Syntax
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(RULE 0_1_knapsack_structure

[RULE_GROUP MODEL] ; meta-rule about rule group
[PRIORITY 1] ; meta-rule about priority

IF (IS CONSTRAINT.DISTINCTIVENESS ‘capacity )

THEN (IS EMBEDDED_STRUCTURE '0_l_knapsack))

(RULE capacity_constraint

[RULE_GROUP CONSTRAINT]

IF (IS BOT.DISTINCTIVENESS OF RHS 'nonnegativc_real_cocﬁ'lcient )
AND (IS BOT.DISTINCTIVENESS OF LHS ‘'volume_sum_0_1)

AND (IS OPERATOR 'LE)

THEN (IS DISTINCTIVENESS ‘capacity ))

(RULE volume_sum_0_1_BOT

[RULE_GROUP BOT]

IF (IS ATTRIBUTE.DISTINCTIVENESS OF ATTRIBUTE (‘nonnegative_real_coefficient '0_1_integer_variable))
THEN (IS DISTINCTIVENESS 'volume_sum_0_1})

(RULE nonnegative_real_coefficient_BOT

[RULE_GROUP BOT]

IF (IS ATTRIBUTE.DISTINCTIVENESS OF ATTRIBUTE ‘nonnegative )
THEN (IS DISTINCTIVENESS ‘nonnegative real_coefficient ))

<Figure 5> Illustrative Rules associated with 0_1_Knapsack Structure
in the UNIK-BWD Syntax
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Many potential embedded structures exist N, *°
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about model is given by the users ?
y
Top Down Approach Bottom Up Approach

<Figure 6> Integration of three approaches
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v

i

{{ plant_assignment_problem_RELAXED
IS-A : LAGRANGIAN_MODEL
DIRECTION : min

OBJECTIVE :(+total_cost_BOT) (+ fambda, _plml chmce BO’D (~ lunhda _one BOT),

CONSTRAINT : plant_capacity" constraint-
MODEL_STRUCTURE : 0_I_knapsack }}

{{ plant_capacity_constraint
1S-A ' CONSTRAINT
OPERATOR : LE
LHS : (+ plant_sum_BOT)
RHS : (+ plant_capacity_BOT)
UNIT_INDEX : plant
DISTINCTIVENESS capacity }}

total_cost_BOT
1S-A : BOT
ATTRIBUTE : unit_cost assignment_var
SUMMATION_INDEX : product plant
DISTINCTIVENESS : volume_sum_0_1}}
plant_sum_BOT
IS-A: BOT
ATTRIBUTE : plant_volume assignment_var
SUMMATION_INDEX : product
DISTINCTIVENESS : volume_sum_0_1 }}
plant_capacity_ BOT
1S-A ' BOT
ATTRIBUTE : plant_capacity
SUMMATION_INDEX :
DISTINCTIVENESS . nonnegative_real_coefficient }}

{{ Tambda plant cholce BOT

1S-ABOT 2)
ATTRIBUTE : lambda assignment_var
SUMMATION_INDEX : product plant
DISTINCTIVENESS : count_sum_0_1

first_XOR_second_index_sum }}

- ambd pneHOT R e
15-A TBOT 3)
ATTRIBUTE ; lambda

SUMMATION INDEX ; focation

DISTINCTIVENESS " constant_I_coefficient }}

{{ assignment_var
1S-A : VARIABLE
SYMBOL : x
LINKED_INDEX : plant location
DISTINCTIVENESS : binary })

{{ unit_cost
IS-A : COEFFICIENT
SYMBOL : ¢
LINKED_INDEX : product plant
DISTINCTIVENESS : nonnegative }}

{{ plant_capacity
IS-A ; COEFFICIENT
SYMBOL : b
LINKED_INDEX : plant
DISTINCTIVENESS : nonnegative })

£ Ibag
1S-A: Lquny'm COEFFICIENT.

LINKED. INDEX : product
DISTINCTIVENESS  real }}

@

{{ product
IS-A : INDEX
SYMBOL : i
LINKED_ATTRIBUTE : assignment_var
unit_cost plant_volume }}

M

{{ plant_assignment_constraint
1S-A : CONSTRAINT
OPERATOR : EQ
LHS : (+ plant_choice_BOT)
RHS : (+ one_BOT)
UNIT_INDEX : product
DISTINCTIVENESS : 0_I_GUB}}

= —BOT

1S-A . BOT

ATTRIBUTE : one assignment_var

SUMMATION_INDEX : plant

DISTINCTIVENESS : count_sum 0 1
first_XOR _second_index_sum }}

one_
IS-A : BOT
ATTRIBUTE : one

SUMMATION_INDEX :
DISTINCTIVENESS : constant_1_coefficient }

{{ plant_volume

IS-A : COEFFICIENT

b) L
LINKED | INDEX product plant
DISTINCTIVENESS : nonnegative }}

lS-A : COEFFICIENT
SYMBOL: |

LINKED_INDEX :
DISTINCTIVENESS : constant }}

{{ plant
IS-A : INDEX
SYMBOL : j
LINKED_ATTRIBUTE : assignment_var
unit_cost plant_volume plant capacity }}

<Figure 7> Relaxed Lagrangian Problem

. Generated Objects

. Eliminated Objects
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<Figure 8> Architecture of UNIK-RELAX Environment
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<Figure 9> Integer Programming Input Screen

UNIK-RELAX
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<Figure 10> Structural Identification Resulting Screen from IP Model
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<Figure 11> Lagrangian Problem Generation Resulting Screen
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