note that we are not able to give arcs in arc order at the same time. The keyword
NETWORK in the PERIODS header indicates that the problem is a pure network.

Time flle — example

TIME problem name

PERIODS NETWORK
NODE1 PERIOD1
NODE3 PERIOD2
NODE7 PERIOD3

ENDATA

In the example, NODE1 and NODE2 are first period nodes, NODE3 to NODE6 are
second period nodes, and all remaining nodes are third period nodes. Arcs going
from first to second period nodes are a part of the first period decisions, and carry
flow over to the second period by defining external flows for that period.

3.3 Stoch File

Since arcs are defined by pairs of nodes, to say that the cost of the arc from
node NODE1 to node NODE2 is random requires three parameters. The same goes
for bounds and multipliers. We can use the CODE field for that purpose as in the
following example. (The data line format used in the stoch file for the networks case
is the same as that for the LP case.)

INDEP DISCRETE NETWORK

C1 NODE1 NODE3 6.0 PERIOD2 0.6
C1 NODE1 NODE3 8.0 PERIOD2 0.4
U2 NODE6 NODES8 7.0 PERIOD2 0.2
U2 NODE6 NODE8 9.0 PERIOD2 0.8
SU NODE6 6.0 PERIOD2 0.1
SU NODE6 8.0 PERIOD2 0.

The keyword NETWORK indicates that there is something to look for in the code
field of the subsequent data records. We use C1 for “cost of first arc from node
NODE1 to node NODE2" and use higher numbers, such as C2, for the second parallel
arc, etc. Similarly, M = multiplier, U = upper bound, and L = lower bound. Random
supply and demand are accomodated by use of SU and DE, respectively, in the code
fields as illustrated. This format can be changed to all the other distribution forms
in obvious ways.

4. Coupled LP and Network Formats

A network can be viewed as a special case of a linear program, yet it is desirable
to use the more compact network data format to express those parts of a multistage
problem that may be interpreted as network flow problems. The nodes of a network
flow problem are the rows in its LP statement. Our proposal for the coupled format
utilizes an MPSX-like format, but uses the ARCS card to indicate that the following
data lines are in the NETGEN format and the COLUMNS card to indicate that the
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following lines are in MPSX format. While this is consistent with the philosophy as
expressed in the introduction, it does have a particular disadvantage. Many multi-
stage mixed LP /network problems will actually be composed from separate problem
files. To generate the proposed format will involve a certain amount of editing of
these files, however this editing could be automated in various (system specific) ways.

The first section is the ROWS. (The absence of a ROWS card tells the program
that the problem to follow is a pure network.) Note that only those node names
that are going to appear as row names of an LP variable need to be named in
the ROWS section. Then follows the COLUMNS/ARCS section. Once the data for the
columns and arcs has been entered, then the other sections (RHS, BOUNDS, SUPPLY,
etc.) may follow. With the proper logic, the same computer program can read all
three formats and does not need to be told beforehand the nature of the problem
in the file, whether pure LP, pure network, or mixed. As always, the end of the
problem is indicated by an ENDATA line. Below is an example for the case when we
first have LP, then networks and then LP again.

Core flle -~ example of coupled format

NAME problem name
ROWS
E ROW3
E ROW4
L NODE1
G NODE2
E ROW5
E ROW6
COLUMNS
COL16 ROW3 value NODE1 value
COL17 ROW4 value NODE2 value
ARCS
NODE1 NODE2 cost upper lower multiplier
NODE1  NODE7 cost upper lower multiplier
NODE8  ROWS5 cost upper lower multiplier
NODE8  ROW6 cost upper lower multiplier
COLUMNS
COL18 ROWS value ROW7 value
COL19 ROW6 value ROWS value
RHS
SUPPLY
ENDATA
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Scenarios — example

SCENARIOS DISCRETE

SC SCEN1 ROOT 0.5 PERIOD1
COL1 ROW2 1.0
COL2 ROW3 i.0
COL3 ROW4 1.0
COL4 ROWS 1.0

SC SCEN2 SCEN1 0.2 PERIOD3
COL3 ROW4 1.0
COL4 ROWS 1.0

SC SCEN3 SCEN2 0.2 PERIOD4
COL4 ROW6E 0.0

SC SCEN4 SCEN1 0.1 PERIOD2
COL2 ROW3 0.0
COL3 ROW4 0.0
COL4 ROW6E 0.0

This is a description of the distribution of four entries: COL1/ROW2, COL2/ROW3,
COL3/R0W4, COL4/ROW6, which for convenience we denote here as dy, d;, dy, d4,
respectively (see Figure 2). Note that in PERIOD4 there are two nodes for the “state”
dy = 0.0 and two for dy = 1.0, and similarly in PERIOD3 two nodes for d3 = 1.0.
This is because a node is distinguished by the information that one has collected
concerning the path up to and including time ¢. Thus in PERIOD3 the two nodes are
distinguished because in scenario SCEN1 one knows that the final state is dy = 1.0,
whereas in SCEN2 the outcome of d¢ is in doubt.

3. Network Standard Format

There are several network formats in use. However, it is our view that the most
common format is the NETGEN format, see Klingman, Napier and Stutz [10]. For
NETGEN we have the following organization of the data line.

Data line for networks

- columns 2-4: code field

- columns 7-12: first name field

- columns 13-18: second name field

- columns 21-30: first numeric field

- columns 31-40: second numeric field
- columns 41-50: third numeric field
- columns 51-60: fourth numeric field

3.1 Core File
As in MPSX there are header lines and data lines in the input format. We
adopt a slight variation of the NETGEN standard in omitting the BEGIN line and

substituting a NAME line to start the input file and in changing the END line to
ENDATA.
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all ¢ =0,...,T - 1 (with %o := {02,0}). Given the process distribution P over the
space of trajectories and an event A4 in period t + 1 we may compute the conditional
probability P{pey1 € A | Fi}. Conversely, these conditional probabilities may be
composed to generate the finite dimensional distributions of the process w. In the
case under consideration in this paper, all this may be given a much simpler, more
graphic, characterization.

To describe the process paths in the discrete state case, note that ¢, can assume
only finitely many values for each ¢. A given history of values ,, for s = 1,...,¢,
may be followed by a finite collection of values of ¢4). We think of these as nodes
in period t4 1. Following Lane and Hutchinson (11) and Raiffa [15), we construct an
event tree representation of the trajectories: Represent the (unique) value of ¢, by
a single node connected by oriented arcs from , to nodes representing the values
of ;. These are the descendant nodes of the first period node in the terminology
of Birge (1]. Each node of period 2 is connected to its descendant nodes at period 3
by individual arcs oriented in the direction of the period 3 nodes. This construction
is continued by connecting each ancestor at period ¢t — 1 with its descendants at
period t. Each node of this tree has a single entering arc and multiple departing
arcs representing the possible next period events.

A trajectory ¢ thus corresponds to a path from the period 1 node to a single
period T' node composed of arcs oriented in the direction of increasing time t and,
moreover, corresponds uniquely to a single node in the last period T'. There are only
finitely many paths linking nodes in period 1 to nodes in period T and to specify
the distribution on the paths one needs only to attach a definite probability to each
path. Hence specifying the process distribution in terms of path probabilities can
be effected in this context by assigning probabilities to period T nodes of the event
tree (see Figure 2).

For each period t = 1,..., T, the corresponding sigma algebra ¥, is formed by
taking all possible unions of the events represented by the nodes of period ¢t; thus the
topology of this event tree represents the information about the process expressed
by the filtration {F,: ¢ =1,...,T}. To each arc we attach the probability that the
terminal node occurs given the initial node has occurred—that is, the conditional
probability of ¢, given the history ¢, for s = 1,...,¢t. These arc probabilities can
be computed from the path probabilities by summing the probabilities of the paths
visiting the terminal node and then dividing by the sum of the probabilities of the
paths visiting the initial node. Conversely, if to each arc in the tree we know the
conditional probability that its terminal node occurs given that its initial node has
occurred, then the probability of any given path is simply the product of the arc
probabilities along the path.

A decision z, is made only on the basis of information collected up to and
including time t. This is represented by a single node in period ¢. The uncertainty
faced by the decision maker is represented by the collection of paths that branch
from this node. Thus in Figure 2, the decisions occur at the nodes and the scenarios
branch after the node.

In a language more specific to our application, a “path” in the tree analogy
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must hold is

m n
L I (a,,x, =b,)u, €n -k
1=1 gm0 1T
where
2o
u - L a o - b 1eM (assumed to be positive)
Pl -
+ def

y = max (y,0) and

0 <x, <m J=1,2, csen.

There 18 no guarantee that this surrogate will be "efficient”, in the sense of
being a good approximation to a facet of the convex hull of the feasible area.
Sherali and Shetty (1980) give a much fuller discussion of the problem of
finding efficient surrogates.

A useful feature i{s {llustrated by the disjunction x = O or x > 100 where
0 < x < 200. The surrogate is 0 < x < 200 which means that the surrogate and
the terms of the disjunction can all be stored as bounds. No rows or
coefficients are required whereas the conventional approach would entail two
matrix rows and six coefficients.

2.2 The Disjunctive Algorithm

The following algorithm solves disjunctive programming problems. Note
that each aspect of this algorithm has an analogue in the conventional Branch
and Bound algorithm.

Step 0 Form the relaxation of the original (maximization) problem by
replacing each disjunction by a surrogate. U, the set of unresolved problems,
initially comprises this problem alone. Set BEST = -infinity.

DO STEPS 1, 2 AND 3 UNTIL U is empty.

Step | Remove a problem from U and solve it as a linear programming
problem, denoting 1its objective function value by z. If this problem {is
infeasible, set z = -infinity.

Step 2 If z > BEST, and this is a disjunctive solution, set BEST = z and
store the solution.

Step 3 If z > BEST, and this is not a disjunctive solution, choose a
disjunction which is not satisfied by the current solution. Add to U those

problems formed by replacing the surrogate of the chosen disjunction by each
term of the disjunction.

21



It

10§ Vg D i pue ) auny 03 dn & ssadoad ay) jo Auopsiy ay) Aq paunuiIajap sjuana
pauLIa) {5 Jo $32squs Jo s)sisu0d 14 viqadje vwidis ayy 3 yoea Joj azoym ‘{1 1 =1
i £} uonpuyf © pajerdosse si & ssavord dnyseypoys ayy ym ‘Ajjeoyidads alopy

$01IBUBDS JO uoljewjuasaidal a1y Juaay ‘[ aanfiy

Nudg  O=— O
O
O
- q :
Osteer )
O . 0 M)
O C
O—<— &
: O—~— .
g uadg O
gung O G
Tung O~<— O
L= £=1 =1 1=

'$3110923f 1) 3340 UOKINqIIYSIP ss3201d
® §8 JO ‘WIIOj UOIINQIIISIP 78IS [RUOKIPUOD IO julof ul ¢ ssadoid diyseYPOIs Ay Jo
uoNQqQuIIsIp 3y) uiqiidsap Jo saAljeUIaj[R 3Y) aAvY am ‘[eraual uy ‘sny ], ‘sar109dafen)
Jo  @duds ay) uo ‘uonnquisip ssadoud 3y pawdy ‘g aInseaw £3ijiqeqoid e sppaik
uoyjanIjsu0d 5 401030urj0y] ‘b s53201d s1Y3 Jo suorNquYsIp Juiof (jeuoisuawirp ajuy)
Suypuodsaiiod ayj uaAln) ‘"1 = 3 auwiy yoea 1oj ‘¥ 103034 ssadoid e jo saje)s
se (3 S §: "y ‘% ‘5) jo sar1jus wopuel 3Yyj Japisuod apy A1oayy Kjriqeqord ug
ssad01d d§3seyd03s ® aquidsap Kewr auo se snl ‘[ ‘1 = 3 ‘spousad ayj up 103034
§§2004d ® Jo uolNqLIISIp 3Y3 jo uoljduosap e se padojaaap 3saq si sy, ‘sardpuapuadap
potsad-1ajur sassaidxa jey) 2IN)ONIJS BIBP B SPIaU dUO FOLIDUIIS dQIIIE3P O],

BOlIBUADG  P°C T

(44

*sJjuje13Isuod TedjBoy Pujjzep 031 NV, Pu® ,j0, °dL1 jo spaed
mno1 spwa1 weiBoad aajadunfsyp ayi 3wyl 3deoxse 3ewioj 3Induj ggu @8n sweaBoad
yjog -swafqoiadqns aajos o3 pasn Buyeq ([, siepuneg pue YS8einy) 0°y SONIW

Yars (€L61 TT°m04 pue pueq) mwyijaodre Byog-pue] 3yl (0G//XVA ® U0 [/ NVYINOJ
ujy) Bujpod £q paiedwod aiam swy3lJIoB[e @AFIDUN[EJP PUB TBUOFIUBAUOD a3yl

SIINSTY ANV NOILVINIWITAWI “n

*aduemio0jaad
pauasioms 8JY3 Inq ‘A3Fryqyseajuy Iyi £q 907ad mopeys ay3 Bujdydyaynm paisaddns
SUOTIBIIPTSUOD [RUOFSUMQ *UOFIVIFID UJWIXEW Y3 IBUFWOpP o3 sieadde

UOFIIFID BIYL *uojadunfsyp ® jo @sduejiodwy IY3 jo Lanseaw pood e Bujald
ATIuapya® ‘aAF3ID933° 9q 03 SWIAS UOFISIFID SFYI (7 Pue |) swayqoid swos 103

+de8 AIJ17qFsEaJUT ISI[TEWS BYJ YIJA WIIJ Iyl 3IDI[I6 96ED I9YIJP uj 'S

*joe[s 3Isa[[ews 9yl sey 23eBoiins @soym uojIdunfsyp
21qyseajuy 2yl uo I3ei3jqae ‘(y) uj uasoyd s} uojdunfsjp ou Iy ¥

*2272d mopeys oiaz-uou 3saydyy
2y3 sey 23eBolans Ss0ym UOTIdUN[SFP S[GFSEAJU FYI U0 VIBIIFQIY  °]

*UOFiI93F10 ©3eB031ans B 168983ns ap

L

*SW10j 12yjo 303 A[snoBofeus pue q 5 'x'® 3 WIOJ JO JUFBIISUOD
I=f u
B 10j q - ﬂxﬂu 7 S® pauyjep 8} AIjTyqyseajuj Iyl °ALIF[Iqyseajuy IsaBiey a8yl
u
S§BY YOTym uojIdunfsyp 3yl uo 23eI3jqay cuojIdunfsfp aYyia jo AIF[JqIseaJuy 8yl

(uojayuryep 4£q) aq SFY3l 3II] pue ,AIF[FQFSEIJu, ISI[[eWs Byl Sey Yo Jys wiaj
9yl ?30u ‘uojIdunfSTp YdE? 30§ °*UOFIVITID UTHIXEW e 63I6288ns (996]) opey

®JI9371) 39430 1°¢

*83F3173103ad payrddns i9sn pue s3sodopnasd ‘uofiIeraly
Tenp 381333 92yl SBujredydojjue Aq pauje3lqo sajI[euad VI ®FIIIFID ENOFAQQ

*2388031n8s Y3 9oB[da1 03 8] UOFIDUN[EIP IYI JO WIS YO JyM ‘€
*938137q1e 03 UOFIdUNfSFP YdIJyMq  °z

*swa1qoid paATOSIIUN JO 328 IY3 WOIJ 3ID3[98 03 wayqoad YoJyMm  °|
-:93® yoeoiadde aajIdunfejp ay3 uy Buysjie suojisanb ayy -pesiaseiy

PUB 3[FNq SF 9311 8yl YdJys uj KAem Y3 4£q PpaIdIJJB YOnm S PpIUFUEXd 9q
031 3ABY YOoJym S2pOU JO I3QqUNU [BI0IF Y3 WYIJI08[EB JEUOFIUSAUOD BY3 uj Sy

VI¥3LITd0 ‘€

*31qyseajuj S8} warqoid dyil ‘pai0ls uIIQ s®Y uojInjos ou jy -z daig
U} Pa3103s uOFINTOS 3ISB] Byl 6] UuOFIN[os a[qyseaj jemyado ayy y daas



BLOCKS SuB
BL BLOCK1i PERIOD2

COL1 ROW6
CcoL2 ROW8

BL BLOCK2 PERIOD2
RHS ROW6
RHES ROW8

Here we have identified two blocks, each a 2-vector, BLOCK1 and BLOCK2 whose
distributions must be computed by a subroutine.

Linear Transformations. These are blocks whose distribution is computed as a
linear transformation of another random vector with independent components, i.e.,

v=Hu

where H is a matrix and v and u are random vectors. The vector v is the block whose
distribution is desired; the vector u has independently distributed components of
standard type, e.g., normal. We first identify the block as in the subroutine case,
then the (marginal) distribution of each (independent) component of u followed
immediately by the corresponding column of H.

BLOCKS LINTR
BL V.BLOCK  PERIOD2
COL1 ROWB
coL3 ROW6
RV U1 NORMAL m blank o?
COL1 ROWS hyy
CcoL3 ROW6 hay
RV U2 UNIFORM a blank b
COL1 ROWS hya
coL3 ROW6 haa
RV U3 CONSTANT
CcoL3 ROW6 c

This example illustrates the file structure. In this case

COL1/ROW8 = hyy - N(p,0?) + hyz - U(a,b)
COL3/ROW6 = hyy - N(pt,0%) + hyy - U(a,b) + C.

General multivariate normal [8] and multigamma distributions [13] can also be
treated in this way. Note that the “names” U1, U2 and U3 are irrelevant and may
be left blank.

10

The conventional version chooses a variable and direction of arbitration
by multiplying the distance from the nearest {integer by the variable's
objective function coefficient (taken to be 1 if it i{s in fact zero). The
variable for which the absolute value of this product 4s highest fis
arbitrated, initially to its nearest value. .

The disjunctive algorithm builds the surrogates and applies the algorithm
described with the surrogate criterion. Occasionally the maximin criterion is
used, especially to test a likely solution. It was expedient to store the
logical constraint structures, the generated surrogates and much other
information in indexed files.

The results are in Table 1.

Problem 1, assumed to be available to the reader, {llustrates some of the
pros and cons of the disjunctive approach. It is relatively simple to
formulate in disjunctive terms, extra variables Sit, the discounted royalty
actually paid on mine i in year t are required but William's binary variables
are not needed. The constraints are:

<
X zP all {,t
mnn < z»n all {,t
mwn > z»n OR X ™ 0 all {,t
4
vV x =0 all ¢t
1=1 it
4
L Qx;, = p.q, all ¢
i=1
4
L x,, =q all ¢t
gt e T %
4 5 S
Max [ L -S,_+ L 1Iq
t=l t=l 18 ey ®E

This formulation 1is correct and perhaps more natural, but does not give the
tightest possible relaxation. It is desirable to add the constraints:

ds all 1, all e < 5

>SS
ic ic+l

where d is the discount factor. That done, the disjunctive algorithm compares
well with the conventional approach.

Problem 3 demonstrates that the disjunctive algorithm sometimes performs
much worse than the conventional algorithm.

23
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2.3.2 Independent

Independent random variables are easily treated. We provide facilities for iden-
tifying entries that are distributed as discrete, uniform, beta, gamma, normal and
log-normal; certainly other distributions may be considered. The INDEP header line
is repeated for each new distribution type; entries with the same type are listed
together following the appropriate header. The keyword in the second word field of
the header identifies the distribution. The data lines indicate the entry by column

and row in the first two name fields, and the distribution parameters are entered in
the first and second numeric fields.

Discrete. For each discretely distributed entr
corresponding probabilities.
first two numeric fields are t

y one must specify the values and
The first two name fields identify the entry, and the
he value field and probability field respectively. The
intervening third name field contains the name of the period in which the random

variable is realized (this information is ignored by the input routine but is useful to
have made explicit for data consistency checking).

INDEP DISCRETE
COL1 ROW8 6.0 PERIOD2 0.5
COL1 ROW8 8.0 PERIOD2 0.5
RHS ROW8 1.0 PERIOD2 0.1
RHS ROWS8 2.0 PERIOD2 0.5
RHS ROW8 3.0 PERIOD2 0.4

In this example the entry COL1/ROWS takes value 6.0 with probability 0.5 and 8.0
with probability 0.5; and the righthand side of ROWS takes values {1.0,2.0,3.0} with

probabilities {0.1,0.5,0.4} respectively. Of course the probabilities associated with
an entry must total one.

Uniform. The endpoints of the interval are t
formly distributed entries. These are entere
third name field is blank.

he only relevant parameters for uni-
d into the first two numeric fields; the

INDEP UNIFORM
COL1 ROW8 8.0 PERIOD2 9.0

In this example the random entry COL1/ROWS8 is uniformly distributed over the in-
terval [8.0,9.0).

Normal. The normal distribution is specified by mean u and variance o? in the
first two numeric fields.
INDEP NORMAL
COL1 ROWS m PERIOD2 o?

Beta, Gamma, Lognormal. The standard beta on [0,1], gamma on [0, 00), log-
normal on [0, c0) are two-parameter families of distributions and may be handled

IN TREE (SECONDS)

REQUIRED

SUB-PROBLEMS ITERATIONS MAX. DEPTH CPU TIME

4-MAR-87 12:23:53

NS o Sw ZERO
COEFFICIENTS SOLVED

CONSTRAINTS

TABLE 1
Mine Planning, Problem 7 from Willioms (1978) p. 232

1

VARIABLES

PROBLEM NUMBER

BINARIES OR

DISJUNCTIONS

312
137

91
27

207
187

L34

CONVENT IONAL
DISJUNCTIVE

IN TREE (SECONDS)

SUB-PROBLEMS ITERATIONS MAX. DEPTH CPU TIME

ERO
c"gner%lcx ENTS SOLVED REQUIRED

NUMBER OF-

CONSTRAINTS

2 A Job Scheduling Problem with Four Products on Four Machines

VARIABLES

PROBLEM NUMBER

BINARIES OR

DISJUNCTIONS

5878.06
468.93

37
15

17837
387

173

353 2943
257

129
81

W

CONVENT IONAL
DISJUNCTIVE

25

IN TREE (SECONDS)

SUB-PROBLEMS ITERATIONS MAX. DEPTH CPU TIME
REQUIRED

ER OF:
COEFFICIENTS  SOLVED

CONSTRAINTS NON ZERO

N

3 A 5¢8 Transport Problem where the Transport Cost has a Fixed Cost Comp

VARIABLES

PROBLEM NUMBER

BINARIES OR

DISJUNCTIONS

472.45
1202.91

19
20

2358
10926

547
1013

180
210

42
42

L1

CONVENT IONAL
DISJUNCTIVE

IN TREE (SECONDS)

REQUIRED

SUB-PROBLEMS ITERATIONS MAX. DEPTH CPU TIME

COEFFICIENTS  SOLVED

NUMBER O
NON ZERO

CONSTRAINTS

4 Blending, Problem 2 from 'Illl.m (1978) p. 2268, with a Modification

VARIABLES

PROBLEM NUMBER

BINARIES OR

DISJUNCTIONS

m

3393

139
109

128
9

e

CONVENT IONAL
DISJUNCTIVE
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Core flie — example

NAME problem name

ROWS

N 0BJ

L ROW1

E ROW2

COLUMNS
COL1 ROW1 value ROW2 value
COL1 ROW3 value ROW4 value
COL2 ROW1 value ROW2 value

RHS R
RHS ROW1 value ROW2 value

BOUNDS

LO BND COL1 value

RANGES

ENDATA

If an entry is random then the value field should contain a non-zero number
(which may or may not be meaningful). This number must not be omitted from
the core file. Integer variables may be indicated by using delimiters as described in
the MPSX/MIP documentation (7] for those users who want to use mixed integer
programming techniques.

2.2 Time File

The time file contains the information needed to specify the dynamic structure
of the problem. It indicates which rows and columns (i.e., elements of the decision
vector z) are to be identified with which period. The first line identifies it as a
time file and gives a name to the problem. The next header line consists of a single
word PERIODS in the first name field, and contains the keyword LP in the second
name field to identify the problem as a pure LP. The first two name fields of the
data lines identify the beginning row and column names for each period with the
corresponding period name in the third name field.

Time flle — example

TIME problem name
PERIODS LP
COL1 ROW 1 PERIOD1
COL6 ROW 3 PERIOD2
CcoL8 ROW19 PERIOD3
ENDATA
6

An example illustrates the problem. We receive an abstract by Professors A, B and C
together with a registration form from B. The abstract looks interesting, and so it is
accepted. Now, how many participants do we have? Remember that we have a limitation
on the number of participants, not on the number of presentations. Of course, people who
sent us such abstracts had different ideas. Some thought that with the abstract accepted,
all three people would automatically be invited, others took it for granted that only those
that had sent registration forms wanted to participate (and everybody thought that their
interpretation was obvious). We ended up sending letters to all authors of papers with
more than one author asking if they wanted to participate.

So what should have been done was to distinguish clearly between authors, participants
and abstracts. One should probably also let the authors give a priority amongst themselves.
(What would you do if you received a marvellous abstract with 25 authors?)

NATO-application. We ended up with NATO money after having applied twice. The
result was that we ran short on time for doing publicity for the workshop. We have been
criticized by many people for not getting the information out. We accept the criticism,
but wish to point out that our mistake was to apply for money from NATO as if we would
have a final answer after our first application. Instead we were encouraged to apply again,
which we did. That cost us another four months, which meant a lot from a publicity
viewpoint.

So, if you wish to apply for NATO funding, and you think that what you need is a final
answer in November, subtract four months (you can apply three times a year) and go for
July instead. To have an answer in July you will have to apply in April. That way you
should be quite certain of a final response in November.

Things that went right. The purpose of this section is not to list those things that went
smoothly, but to give a few ideas about things that we believe could be useful for others
to think about.

As mentioned, this was a workshop, and somehow that had to be reflected in the structure
of the meeting. We chose to invite five key-note speakers, one for each day of the workshops.
They were told to see the workshop's major theme from different perspectives, and present
their views in such a way that it would provoke comments and discussions. The idea was
not to present “ordinary” tutorials. The key-note speakers were given the first 90 minutes
of the morning sessions, and the presentations were followed by 45 minutes of plenary
discussions. To the extent that it was possible, the technical papers presented during the
rest of the day were related to that day’s key-note presentation. There were no parallel
sessions.

The above structure is, of course, in no way revolutionary. Still, we felt that it worked so
well, that it is worth being thought about also by other organizers.
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purely deterministic problem and create an input file following the MPSX conven-
tion, ignoring (non-random) zero entries. This file will identify an objective vector
¢, upper and lower bounds u and ¢, a right hand side b, and a block lower-triangular
matrix A, all expressed in the usual column-row format; we call this the core file.

Next we note the period structure of the problem, that certain decisions z, €
IR™ are made at times t = 1,...,T. Here it is necessary only to specify which
rows and columns from the core file correspond to which periods. It is most simply
done by indicating the beginning column and row for each period t. This is done in
the time file. Note that such a system relies on the proper sequencing of the core
file—we require that the list of row names is in order from first period to last period
and that'the block lower-triangular matrix A has been entered in column order: first
period columns first, and last period columns last.

Finally there remains the specification of the distributions of the random en-
tries; this takes place in the stoch file. The simplest case occurs when all random
entries are mutually independent—one merely indicates by keywords which entries
are distributed as discrete, uniform, beta, gamma, etc., and supplies the appropriate
parameters. One may even use the entries in the core file to supply some of the pa-
rameters. We consider two general types of dependency among the random entries:
blocks and scenarios. A block is a random vector whose realizations are observed
in a single, fixed period. A scenario is a more general type of stochastic structure
which models dependencies across periods. Following Lane and Hutchinson [11], we
visualize scenarios as paths in an event tree. Each path corresponds to a particular
sequence of events through time, and is assigned a probability that is the product
of the conditional probabilities of the separate events.

The organization of the data files is similar to the MPSX format (8; pp. 199-
209). Each data file contains a number of sections, some of which are optional.
A header line, or header, marks the beginning of each section and may contain
keywords to inform the user that the data to follow should be treated in a special
way. Each header line is divided into two fields delineated by specific columns.

Header line

- columns 1 through 14: first word field
— columns 15 through 24: second word field

Most sections contain data lines. These are differently arranged for linear programs
than for networks and each version will be described in the appropriate sections.
Data lines are distinguished by a blank in the first column; the first word of a
header line must, therefore, begin with a non-blank character. Finally, comment
lines are indicated by an asterisk (*) in the first column and may appear anywhere.

We close this section with a comment to potential users. The header lines are
a powerful device that permits the expression of a wide variety of problem types,
however, one should not exploit it by tailoring a format convenient for one’s own
peculiar taste in test problems. That is definitely not in the spirit of our proposal!
Rather we hope that this proposal offers sufficient flexibility to be useful and we

Jan. 4-6

April 10-13

July 23-26

August 29-31

1989

Williamsburg, VA, U.S.A.: Impact of Recent Computer Advances on
Operations Research, organized by the Computer Sciences Technical
Section of ORSA.

Information: Prof. Ramesh Sharda, College of Business Administra-
tion, Oklahoma State University, Stillwater, OK 74078, U.S.A.

Cambridge, U.K.: IFORS Specialized Conference on Operational
Research and the Social Sciences, organized by the Operational
Research Society, :

Information: ORS - Neville House, Waterloo St., Birmingham, B2
5TX, UK.

Osaka, Japan: TIMS XXIX/Osaka '89.
Information: TIMS XXIX, TIMS, 290 Westminster Street., Provi-
dence, RI 02903, U.S.A.

Berlin, GDR: IFAC Symposium on Large Scale Systems: Theory and
Applications.

Information: Prof. Dr. Dietrich Ohse, Fachbereich Wirtschaftswissen-
schaften, Johann Wolfgang Goethe Univ., Postfach 111932, D-6000
Frankfurt/Main, West Germany.
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0. Introduction

The desire to solve stochastic optimization problems as more realistic models
than deterministic formulations for decision making began in the early days of lin-
ear programming, see Dantzig 3] for example. As evidenced by recent volumes,
Prékopa and Wets [14] and Ermoliev and Wets [5], there is a wide body of active
research into numerical algorithms. However, these efforts have tended to be di-
rected towards specialized types of problems resulting in a potpourri of numerical
codes, problem formulations and data sets that are not comparable or even mutu-
ally compatible. The development of general purpose codes suitable for industrial
application is hampered by the lack of a comprehensive set of test problems in a
standard format to compare performance and challenge competitors. In this paper
we present our ideas on what we hope will become the nucleus of a standard problem
format for multistage stochastic linear programs.

The present contribution is an extension, simplification, and refinement of the
ideas in Edwards, et al. [4]. The spirit of the two proposals is identical: (a) to use
the MPSX convention for file formats; (b) to allow originally deterministic problems
to be changed to stochastic versions; (c) to permit a wide variety of stochastic
dependencies; and (d) to allow new options to be added. Two key aspects of the
original proposal are retained—the use of separate files to specify parameters related
to random variables and the use of “header lines” to express and organize the relevant
parameters.

After a statement of the problem in the form we shall consider it, we present
in Section 2 our proposed input format. In Section 3 we present an extension
of the standard format to cover multistage stochastic network problems using the
NETGEN format [10], and in the final section we set out our recommendations for
mixed stochastic network and linear programs.

The collection of test problems is an ongoing enterprise in which readers are
encouraged to participate. Some examples, augmenting those already presented in

King (9] and illustrating the standard problem format, are available in computer
accessible form.

1. Problem Statement

A general form of the multiperiod stochastic linear program is:

minimize ¢;zy + E;Q;(z)
subject to =z, € R"
O <z <y
Arzy = by,
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