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The main purpose of this project is to find the optimal scheduling for all
loading activities that have to be carried out in the central warehouse in
order to cover all daily delivery messities.The central warehouse is a
compound of three different depots, all of them with different load
capacities, working shifts and stocks. In addition, there are shuttles than
can move merchandisbetween st@houses. The project uses llog
Schedule and llog Solver to find a solution that makes a load appointment
for each load (assigning location and time) matching all customer
restrictions.

The Optimal Loading Sdneduling project (OLS) hes been developed by DSS for a large
consume products company. The purpose B to asgn loading kay and loading time for
every truck that delivers rationwide from the cantral warehouse. This way, the compary
@&nawid the extra costsassociated with the waiting time of truds delayed in a queue.

The loads are groups of sveral orders either for the same or different astomers, and
they nust be delivered on time. This property 5 known & service quality. The major
project objective 5 to maximize the service quality, in other words, to naximize the
number of orcers thatare delivered on time. Each order hes asociated with ita loading
time window, calaulated so & to ersure that the order will arrive at the customer ona
compromised date. When several orders are combined to be loaded in the same trudk,
the loading window is recalculated to meet all commitments.

Arother relevant property of avy load is the composgtion: the different products and
the exact quantities of them that have to be loaded. A restriction mposed B that any
load has to be dore in a angle bay. Sometimes there is ot enough stock to complete
ome load in asigle depot, and it becomes neassary to trarsfer stock fromone depot
to arother. The number of shuttles needed to complete the tranders isalso Imited, and
their uise Nwolve an extra cost Therefore other objective will be to minimize the
number ofshuttles used to complete the loads.

Ore way to mimize the total runber of trasfers 5 to use dessss of equivakent
products. A produd code belongs to a sigle product dess, and it can be replaced by
any other produd code of the same product dess. h this ese, if there s ot enough
dodk of a certain code to complete the load, the renaining amount of produd @n ke
ubstituted by other code belonging o the e dass and stored n the same depot



The approach conssts in making a plan based in product dessss rstead of produd
codes, as5gnng the gopropriate code to the orders at the end of the planning process.

The load cgpacity of each depot s limited by the rumber of different bas than ante
wsed Srultaneously. This number is not constant and depends on the available staff in
each work shift. BEven the number of shifts and its duration an dnenge during the week
for each depot

Using Object-Oriented Modelling Technique, we can dstnguish the following desses: the
CEPOT dess with attributes like number of kays, stocks, working hous and shuttle
cgaacity; the LOAD chs whose attributes are number of units of eachproduct, number
of units of each equivalent dsss, loading window and duration. Another importentcles
5 the WORK PATTERN aonsisting in a set of time inter vals describing the shifs.

At this point it B ot difficult to match the prablem with the llog Schedule desses,
Activities and Resources. The LOAD dass corresponds almodt exactly to an Interval
Activity which consumes some resources (stocks) and reguires others (bays). On the
other hend, CEPOT cn ot be represented as a 9hgle Shedule dsss. 1t hes o ke
modelledusing severa Resources.

For example, the baysare modelled as aDsarete Resource. Onebay is required by ore
load activity and it can be used again once the previous load Fas finshed. The time
dependency described by WORK PATTERN B nodelled wsig a resource as a
TmeTable in discrete time units. Socks are modelled & Discrete Resources (one per
product) that are caonsumed by loads, because stocks will ot be retumed to the depot
whenthe load activity finshes.

It may appear that Schedule will do almost all the work for ws. But scheduling 5 only helf
of the problem; the other is to asgn the nght depot to achieve the desired result. We
have only mentioned the stock restrictions (combined with the shuttle Bcility) in meking
the depot sssgnment. But the adual problem has same extra conditions: all depots are
ot indistingushable and they have some peculiarities. Each ore introduces some
redrictionsthat have to be takeninto account

We distingush ketween two type of restrictions: the first one, that we have called hard
redriction, &k us whether a specific load is able to be loaded in some depot or not
The second type refers to preferences instead of obligations; we have called them soft
redrictions. Hard restrictiors are easily modelled wsing Solver variables and areating
their corregponding Solver Restrictions. Soft restrictionscannot be implementedudanga
Solver fadility directly. Following analyss 5 going to gve an dea of how soft restrctions
becomean important part of the problem

Onre of the storehouses B asociated with the production plant and its load capacity 5
wanted to be maximized. The plant aso produes some goodss thet should be loaded
directly into the trucks rstead of being stored (in order to reduce storage cost). This
privileged cepot 5 called the plant depot and introduces two different stock types:



Fhysical Sock s the stock already stored n the depot, and Fuure Stock 5 the stodk
that 5 keing produced during the dhy. It also introduces a loading priority: the Fuiure
sodk should be taken if the service quality can be achieved. This nodel is extended to
the other depots snce some of them can receive inported goods, and the results are
amilar to having a production plant n each depot.

The plant depothas asmallnumber of workers.For this resson the conpeny prefers to
employ them for loads that need less manjpulation time in orcer t maximize the total
number of product units loaded at this location (@ whole truk of a sgle product B
easier 10 load then another loaded with small amounts of a large variety of products).
This preference introduces rew attribute to the LOAD deass, that we called Complexity
Level. It s computed besed on the manpulation cost of the load. Each depot has its
preferred complexity level under which the load will be preferentially accepted.

Putting everything together, we are able to makeamodel kesed on llog Solver. The kst
depneeded to complete the project s to build agoal for finding the solution. Suchgoal
hes to be oriented to reach the desired project dbjectives. Remember that some
objectives are maximizing some criteria, suth as the ervice quality and the load
cgoacity of the phn depot. Other objective s minimizing the total numiber of duttles
and it can compete with the others, egpecially if the stodkis ot evenly dstributed.

To centre the problem complexity, OLS hes to manege several depots (actLally three),
about three thousand different product codes, eighthundred equivalent product desses,
and it hes to meke an appontment for about two hundred trudks. The plan hasto cover
fram two to five workingdays with adesarete time unit of fiveminutes.

As well & problem requirements, there s a very restrictive operative requisite: the
loading plnhes to be ready in less then ten nnutes of comp utation time.

We tested the use of a combimation of Ctaximize and CiMnimize Sver goals, but
evan in the best ese, the time consumed to reach the solution is too high o meke it
operative. In some cases, the direct implementation of meximize goal cauld retum
CtFail (after hours of computations) because these goals are built either to find the
optimal solutionor give afail condition if there B notsolition.

A typical situation of thiskind B present when sverd loadshas to be dore at the same
time and there are not enough kays n all orehouses to perform the plan. There s an
abvio usly requirement ot commented: OLS must meke aloading plan.Even in the case
descrbed, service quality may be relaxed because delivering with some delay is better
that not deliver at all. If the problemhes not solution what satisfies all hard restrictions
the goa used doud reach the CiFall condition & quickly & possible, then some
redriction have to be relaxed andtry again.

The huilt goal s besed in activity selection criteria, oriented to get a solution cose
enouwgh o the optimal ore. The selector also includes those soft restrctions than can be
modelled @& a trail order tsing Ciindantiate goals. To awid CtFail problems, like



descrbed before, newdummy resources are introduced n the modd.
OLS finds the solution in two main phases to complete the whole loadngplan:

The first one, called asighmat phese, asgrs loading point, sdedules all load and
plars the duttle reeds This phese s compound by veral steps. Each one uss the
same goal oriented to find a solution that satisfies all criteria. After each step some
redrictions are relaxed, if needed, in other to harease the service quality n the next
try. As described before, stocks are comsumed wag the equivalent product cles
gproadh.

The final phese, @lled product code assgnment, uses another Solver goal asigning
concrete product code of the corregponding equivalent produd dess. This gase also
asgs the desred stock type (physical or future) based in the stock availability and
loading time.



