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Abstract: This article reports about investigations on a trans- Interdependence between responsiveness and nervousness
port scheduling scenario. The generated schedule recaires obvious. In order to be responsive it is necessary to eevis
repeated revision in order to incorporate additionallgasked given schedule. However, the executed revisions must be cho
requests. Neither the release time nor the location of the-as sen very carefully in order to keep the schedule nervousness
ciated customer site can be forecasted. Special attestmaid on a low level. Within this article, a transport system’s é&eh

to keep the generated schedules stable, which means theat oiec in a volatile environment is investigated. The manageme
made scheduling decisions should be maintained (announedda demand peak is addressed. Since the transport capacity
arrival times at customer sites, etc.) Initially, severalasures is limited it is necessary to subcontract requests. A subcon
for the nervousness degree are proposed. In computational stracted request is fulfilled by a hired logistic service pdev.
ulations it turns out that a very high nervousness degree aphe subcontraction acts as a bypass to limit the workloaldeof t
pears if the same schedule update strategies are applied dam fleet during a demand peak. However, the subcontraction
different workloads. As a remedy, the adaptation of the usembsts of a request are often higher than the expenses for the
schedule update strategy to the current schedule perfaensn self-fulfilment of the request. Consequently, this fulfignt
proposed. A prototypic algorithm framework is presented anmode is not exploited extensively. Since the hired logistic
assessed is comprehensive numerical simulation expeismenice provider arrive on schedule for each request, it isulsef
The adaptation of the schedule update strategies corgsiboit to intensify the subcontractor utilization if the overalirgctu-

a significant reduction of some observed nervousness degredity of the request fulfillment decreases or is endangeved t

It reinforces the preservation of once fixed arrival timesus-  decrease.

tomer sites. This article is dedicated to the verification of the follogin
Keywords: Adaptive Decision Model, Transport Scheduling research hypothesighe nervousness observed in the transport
Online Optimization, Uncertainty, Reactive Planning system is reduced if the utilization degree of the subcentra

. tion request fulfillment mode is adapted to the intermediate
1. Introduction detected responsiveness of a transport system.

- . The organization of this article is as follows. Section 20nat
A logistic system can be_ consu_jered asa blackjbox-syﬁemduces into nervousness classifications, measuring andltze r
that transforms a given input signal (requests) info an WUy o flexibility. In Section 3 a re-scheduling scenariorfr
gtransportation logistics is described which is investgah or-
: ; : . UtPYker o contribute to the verification of the research hypsithe
on a high and balanced level even if the input signal oseﬁhlatgiven above. The applied planning system is outlined in Sec-

with Iarge_ "’_‘mp"t“de- If the system Is able to _fu|f||| th|s_ PO tion 4. Simulation experiments and their results are reguhbirt
erty then it is called responsive or systemflexible. Respens Section 5

ness and systemflexibility refer to the degree to which chang
in the system’s environment can be compensated by modific2: Nervousness and Flexibility
tions of the scheduled operations.

In order to cope with the uncertainty of future planning2.1 Previous Work
data, the system coordination unit sets up tentative s¢égdu
considering all data known at the schedule generation tim@ecision problems requiring the revision of previously mad
The execution of a tentative schedule is started but inpeer  decisions are introduced as dynamic decision problems [3].
immediately if additional planning data are released. Now WO generic approaches for coping with the uncertainty ef th
previously made operation scheduling decisions are revise future are proposed. A-priori-planning exploits probayiis-
order to integrate the operations associated with theiaddit ~tributions, which extrapolate the missing data [15]. Rivaet
requests into the processes. If the frequency of schedulififjategies ignore all future data until they becomes defetjt
decision revisions increases then the acceptance of and tf@wn [20].
trust in such a decision decreases. This planning instabili General ideas of responsiveness and flexibility of value cre

phenomenon s referred to sshedule nervousnessschedule ating systems and networks are introduced in [1], [4], [23]
instability[18]. and [22]. Flexibility issues of production systems are syed

in [29], [10] and [6].



Research on flexibility in the context of transport planning In case that no decision contained in the preschedule is
is reported by [7] and [21]. Design and configuration issoes f revised in the new schedule, the preschedule is completely
transport networks are discussed but the flexibility aspett stable. If all decisions made for the preschedule are rdvise
deployment are not addressed. in the new schedule then the preschedule in instable. Haweve

Planning stability and instability issues are investigatein most of the transitions from a preschedule to a new scleedul
from a general perspective in [17]. Nervousness in inversnly a fraction of the operations contained in both conseeut
tory management is addressed in [5] and [13] but nervousehedules are revised. This observation leads to the fitpw
ness in production planning is investigated by Inderfurtti a general nervousness definition. &b ¢ be the number of

Jensen [14]. operations contained in both schedules anchlet) v be the
o number of operations subject of a revision during the ttarsi
2.2 Classification of Nervousness from P to Q using the update preferen¢eNow, theschedule

. . . _.nervousness degreéegy (P, Q) using update preferences
Nervousness is a symptom appearing during the tr"’ms"t'%nforthe transition from P to Q is generally defined as
from the so far followed schedule to an updated schedule afte

additional requests appeared. The first mentioned schedllle degy (P, Q) := nroy 1)
be calledpreschedul¢l6] and the latter one is referred to as Npqv

new schedulen the remainder of this article. _ Often, only particular decisions are observed during the-tr
The comparison between a preschedule and the associalgfh, from a preschedule to a new schedule but the definition

new schedule reveal several differences. In the followihg, o o specific schedule nervousness degree remains the same

comparison of these two concatenated schedules is distussg, transport scheduling the first decision task to be cawigd

for each schedule revision is the selection of the rightlfulfi

ment mode for each request (self-fulfilment and subcontrac

Some revisions of scheduled operations directly affecttise  tion). ModeSelectionNervousness (MSN) quantifies the vari-
tomers served by the logistic system S. Typical examples apdions in the mode decisions between the preschedule P and
brought forward or postponed arrival times of transportivehthe new schedule Q. Le¥2'5%, be the number of all requests
cles at customer sites to pickup or deliver goods or sending rcontained in P as well as in Q whose fulfillment mode is al-
pair, maintenance or emergency response teams. Nervsusri@¥ed to be altered. Furthermore, tet'>7, be the number of

or instability of data already given to the customers ismef  equests for which the selected fulfillment mode is diff¢ian

2.2.1 External and Internal Nervousness

to asexternal nervousness P and Q. Then, the degree of MSN observed in the transition
Other revisions do not affect the customer or do not réfom P to Q applying the update preferenteis defined as

ceive the customer’s attention. The instability of thesei-de MSN

sions is callednternal nervousnes# typical example is the MSNy(P,Q) := ij%; 2)

re-assignment of operations to another resource withodi-mo NpGv

fication of the operations’ completion time. The second decision task in transport schedule generation i

The prevention of external nervousness is as important % assignment of the operations associated with a request
the prevention of internal nervousness. In the first case, thy, gyailable resources. Those requests, for which the self-
satisfaction of the customers is endangered but in the secogyifiiment has been selected are distributed among thecteshi
case, setup costs and start-up costs occur. and a logistic service provider is selected for all subcasitrd
requests. In operational freight transport there are twdkof
resources: subcontractors and owned vehicles [24]. Thie dec

Let P be a preschedule and Q the associated new schedule. $198 to subcontract a request cannot be revised but a request
preschedule consists of a set of operations for which sevet§at has been assigned to a certain owned vehicle is allowed
decisions have been determined at titpeFor each operation © be re-assigned to another owned vehicle during a plan up-
belonging to P, a starting time has been fixed, resource cap&@te- LEtNEGY, be the number of all requests which can be
ities has been reserved (corresponding to the volume that'&assigned from an owned vehicle to another owned vehicles

handled by this operation) and the location(s) where the-op&luring the transition fron# to Q. The expressionz )Y, con-

ation is executed is (are) determined. tains the number of requests which have been assigned to dif-

All operations which have not been completed before thigrent owned vehicles in P and Q and the degreRegource
new schedule Q is set up at timg are also contained if). AssignmentNervousness (RAN) in the transition from P to Q

However, the assigned starting time, the volumes of the r@Ssociated to the update preferenges calculated by

2.2.2 Schedule Transition Nervousness

served capacity and the assigned locations have been checke nRAN
for compatibility with the new requests. If the so far made de RANy(P,Q) = Ngﬁ’; . 3)
cisions and the new requests are not compatible then these de PQ)V

cisions are revised: an earlier or later starting time hasbepggth measures MSN as well as RAN quantify internal ner-
assigned to one or more operations, the volume to be handigg|;sness. Neither a mode change nor a resource variation
by this operation is increased or reduced and the involved lgyight be of interest for the associated customers. In batbsca
cations are subject of revision. it is possible to keep a once announced request completion
time, so that the synchronization of the transport processe



with the internal processes of the customers is preserved. particulardifficult to integrate requesall recently completed
contrast, the variation of announced request completinagi requests are checked for their compliance with the assatiat
represents an external nervousness issue. The swﬁ%ﬁ, requirements. On the other hand, requests whose scheduled
denotes the number of all requests for which an arrival timeompletion time according to the new schedule Q is far in the
shifting is allowed. Ifnégj’v represents the number of the re-future are fixed only tentatively. Their completion time ar
guests whose completion time is revised during the tramsiti expected to be revised in subsequent schedule updates.

from P to @, then theArrival Time Nervousness (ATN) using  Now the planflexibility degred, (P, t, E') of schedule P

V is defined by with respect to the integration of the set of E additional re-
ATN quests using the integration rulgds defined as
"pQ,v
ATNy(P.Q) := < 4) .
PQ.V (Pt E) = —. (6)
Ny
2.2.3 Transport System Nervousness Planflexibility expresses the ability to adapt a particplan to

) . ) - specific circumstances, but systemflexibility refers toréla-
MSN, RAN and ATN describe and quantify the instability of ajye frequency that the considered system is able to integra
particular decision with respect to a specific schedule tepdaaqgitional input E released during a period T so that the re-
A more general quantification is necessary to describe thgirements of the input are met if the integration prefeesnc
stability / instability of the system S during alonger peioin ) gre ysed.
which several updates are carried out. Instead of obseavidg Let M denote the number of all possible requests belong-
counting the number of revised decisions during the tramsit jng to E and appearing during the period T. If system S can
from P to Q (at a given timey), it is necessary to consolidate handle m requests appearing during T as required applying th
the executed schedule revisions during the generationeof thecision preferences V to integrate the requests then the sy

concatenated sequence of schedulgs; 1, ..., Pi1x whose  temflexibility degree of S during T is defined by
update times fall intdl". Let Mg 7, denote the number of

all update decisions that must be made during pefioghd

let mg 7,y be the number of all changes of a decision during

the transition from a preschedule to a new schedule during
the periodT’. Then, thedegreedegy?*(S, T) of nervousness This degree expresses tioeitput flexibility [9] and enables
of system S during period Tusing update preferences V isa systemflexibility quantification without having analyzibe

P (B,T) = % @)

calculated by internal system structure.
e At first glance, a higher systemflexibility degree suggests a
degyy*(S,T) := m (5)  higher system nervousness degree since the higher regponsi

ness requires intensified schedule revisions. Howevere the
The system nervousness degree expresses the inabilitg of #re indicators suggesting a contrary interdependence i mo
system to maintain and preserve once made decisions duriggjuests are forwarded to some logistic service providers.
subsequent schedule revisions. Then, there is a reduced need for updating the routes of the
MSNY?(S,T), RAN}Y®(S,T) and ATN/°(S,T) de- own vehicles so that at the end a less number of scheduling
note the degree of system nervousness with respect to the maeécisions requires a revision. To clarify this issue, th@esa
selection, the resource assignment and the operationsequdransport system as used in [27] is investigated in thiglarti
ing (scheduling). They are defined as described generally with special attention paid now to the dependencies between

Eq. (5). the achieved systemflexibility degree and the observed sys-
- o _ tem nervousness degree. With the vocabulary introduced in
2.3 Flexibility and Nervousness of Logistic Operations this section, the initial research hypothesis can be refitfed

the systemflexibility degree increases then the nervogsnes
degreesVISNYY*(S,T), RANyY®(S,T) and AT NyY* (S, T)
decrease, if the utilization frequency of subcontractisn i
adapted to the intermediately observed planflexibilityrdeg
instead of using a cost-oriented subcontraction utilizati

Flexibility addresses the ability to integrate additioirgbut
into the systems configuration, so that the requirementseof t
additional input are met (responsiveness). It is distisgedl
between planflexibility and systemflexibility [27].
Planflexibility quantifies the responsiveness of the system
with respect to update a given preschedule (preplan) P at ting, |nvestigated Scenario
t using the integration preferenc¥sso that the requirements
of additionally released requests are met by the new schediVe investigate a dynamic decision problem from freightsran
Q. The portion of all requests contained in Q for which theortation and service providing logistics. Transport tgses
associated requirements are met is called the planfleyibili(vehicles) operating in a restricted area are waiting feirths-
degree. Only thosé&V, requests, whose completion time fallssignment to consecutively released customer requesth. &Suc
into the periodt— At; t+At], are checked for compliance with request represents the demand to visit a customer locatibn a
the request requirements in order to determined the numibibe simultaneous satisfaction of a time window side require
n; of requests completed in the aforementioned period, whosgent. A correct forecast of the release times as well as of the
requirements are met. In order to avoid an overweighting of@associated customer locations is impossible.



3.3 Bypass Control

logistic service providers
(bypass by subcontraction)

system teedback about the system Thg selection of the fulfi_llme_nt mode for each request (self-
_ current planflexibility f; @> fulfillment or subcontraction) is made simultaneously wiik
input output route generation decisions. All necessary decisions adema
so, that the overall costs for the integration of the addélo
requests are as small as possible. If the system contr@)er (
does not intensify or thin out the utilization of subcontiac
then no proactive bypass control takes plad¢SNE).

In previous research reports, two rules for adjusting the
utilization degree of subcontraction to the intermediatis-
tected planflexibility degree have been proposed and ssicces
fully assessed. Both approaches manipulate the maintioned
mal mathematical optimization model used for the deploytmen

A recent survey of dynamic transport scheduling problems %eC'S'OnS' A sufficiently high percentage of the mcomptgte
quests is then subcontracted in the next schedule revision.

provided by the book of Zeimpekis et al. [31]. A survey of po- Adaptation of the Constraint Set (CSAD=Constraint Set

tentials, models and algorithms for the support of subematr ADaptation). A constraint which preselects the subcontraction
tion in freight transportis provided by Krajewska [19]. Geal mode is sharpened (affects more requests) if the planflexibi

layouts of transport disposition systems are discusse@]in [ . .

Bierwirth [2] propose the adaptation of a decision modai-( ?hegreheflta de?:re?freqitorgfllt runs mtobdangfer to falltbelow thte

age modificatiopin order to improve the systems’ reactivity. . trestho \{la%i@ N ¢ arger nllljm er Ot reqtl:]es S arde {ou

In the context of the manipulation of a freight transportqass into the se (£, f“.) containing all requests with a predeter-
mined subcontraction decision. In case that the planfliyibi

optimization model both the variation of the objective ftioo d ) h ber of : y ;
[25], [12], [11] as well as the adjustment of the constragtt s reedgljiz(ﬁ;g]creases e number of requests pR(A f.,) is

have been assessed [26]. Adaptation of the Objective Function (SDAD=Search
3.2 Verbal Description Direction ADaptation). The cost coefficientsv;, and p,
weighting both fulfilment modes in the objective functiép
Road transport systems are important service providing neire re-calculated before the next instance of the decisadem
works for today’s value creating systems. They bridge apatiis solved: If the planflexibility degreg;, is low then the cost
differences between offer and demand and provide spatialtpefficientw;, of the self-fulfillment mode is increase rela-
scattered distributions or collections of goods. Sincelge&d tively to the cost coefficient,, of the subcontraction mode.
years, the demand for road transport has been increasefd sigh a re-increase of the planflexibility degree is observeghth
icantly each year as a result of the liberalization and irstégn  the self-fulfillment cost coefficient,, is lowered step-by-step
of the European markets. However, more and more producingtil it reaches the same value then [28].
companies have outsourced their transport departmenighwh
act now for own responsibility on a very competitive market3-4 Deployment

Customers claim least cost transport services and the fdrwa ¢ ¢ " hosts 25 hicles. Cust d

ing companies have reduced their own capacities in the Ia-g?e dranspor | SYS %m oS iOO tpwn Ve.t 'C_?rs]' ustomer de-

years so that they are not prepared anymore to serve spo inds are released every Ime units. 1he average num-
gr of incoming requests is 50 but a temporal demand peak of

neous demand peaks with own equipment. Instead they hifg . > o ) .
other forwarding companies and subcontract transporiwelu again 100 additional requests during time 1500 until 1700 is

in order to bypass bottleneck situations caused by Worklo§HnUIated' L .
peaks. The system control unit is able to hire a subcontractor for

Fig. 1 shows the components of the transport system. T@%Ch request. A subcontraction decision cannot be revised.

own fleet of limited capacity is given by the lower rectangle € f[:jme ;V'TEOW i_alssomatedbwnh each rquest sh%l;f be
and the subcontractors (the bypass) are represented bp-the gpnsiaered. 1t a venicle or a sut contracj[or arrives be t
per rectangle. The system controller (C) receives the icamit time Wl_ndow_opens, it has to wait. An arrival after the clasur
ditional requests) and decides about the fulfillment motkese of the time window causes a penalty payment. A subcontractor

tion. The mode selection decision is made by comparing {EVer arrves I_gte. -
costs for both modes and the least cost mode is selected. AnThe disposition tf"‘Sk of t_he_ transport system cont_rol unitis
output evaluation component (D) evaluates the currentagigu modeled as an _onl|ne optimization model Wlth the mstanc_es
fulfillment performance in particular it calculates the reunt D, Pl_’ ol The instances are solved C(_)nsecut_wely at the dis-
planflexibility degree using information about the curresit- patching times,, ¢y, ... Eachinstancé; is compiled from all
ability of the transport processes (system output). Theflee- data known.at tme;. A once gene _rated SolutichP; (ggt of
ibility degree ;. is fed back to the controller (C) who intensi- processes) is executed until additional requests arrivienat

fies or thin out the utilization of the subcontractors. Thiidso (1" At this time, the transport system control unit interrupts

arcs represent the material flow in the system and the dottgbe et>_<ecut|03 (I)f' thte S0 éff rthHO\_Ned ?rocessels._ A rg:eé/vAgpn-
arc the information flow. mization model instancé/ (¢;11) is set up applying

own fleet (limited capacity

Fig. 1. Components, material flow (solid arcs) and
information flow (dotted arcs) in the freight transport
scenario.

3.1 Previous and Related Work



or SDAD. After the data of the recent decision task has begrocessing is automatically fed back into the formulatién o
collected at time;, a mathematical decision model (optimiza-the model representing the next decision task.
tion model)M (t,) is stated as shown in Eq. (8)-Eqg. (13). The ) .
requests in the sek(t;) are known at time; and must be dis- 4. Algorithmic Approach
tributed among the own fleet W and the incorporated subcorﬁ1 laorithmic f K deploved ith th i
tractor(s). The solving of the model Eq. (8)-Eq. (13) cortgde € a.gof't MIC framework deploye t.o cope with t € ontine-
the schedule update. The new schedtife ,; replaces the so opt|m|za_t|qn model mtroduped in Section 3 is shown in Fig. 2
far not executed process parts from the preschefile It was or|g|nally pregented n [2,7 ] .

All paths p assignable to a vehicle from the own fleet Initially, the iteration countef is set to 0 (a) and the first

W are collected in the seP(t;), all paths executable by a planning timet; is fetched (b). Next, an initial solution is gen-

given vehiclev € W are coIIecied in the se, (ti), such a erated (c) and broadcasted to the vehicles and to the subcon-
v 1 . . . .

path starts at the current position of vehieland ends in the tractors (d). Now, the procedure is idle and waits until the ¢

central depot. The binary parametey, is 1 if and only if path rent solution has been completely executed or additional re
p serves request All requests, for which the SC-mode hasduests are received (e). In the first case, the procedurs §op

already been selected in the preschedui®_; are collected and is re-started as soon as additional requests becomeknow

in RF(t;). The setR*(t;) contains all those requests Whoséf the process execution is still in progress, then the i_te_na
on-site operations have already been started but not yehédi COUNter is increased by 1 (g) and the current system fjns

att;. If » has already been contained in the preschedule anJETtChe%gh)' A". rel\?uest_s_jus:]rellc(eajedhatrt]lmarr]e collec;éed n
this request has not yet been subcontracted tienrefers to the setit™ (¢;) (i). Next, itis checked whether the consideration

the vehicle which was selected to visit the associated mesto of the additional requests compromises the current presess

site according to the presched @&, (). The procedure falls back into an idle state if no process
The binary decision variablg. iszl if and only if request corruption occurs. Otherwise, t.he current planflexib_iubf;yis

is subcontracted. Furthermore, we have to assign a (pessififa‘lcUIated (k) and the |r)terve_nt|on mtensﬂy_ (describing the .

empty) pathp to a vehicles and p is assigned tas if and severeness of the manlpulatlc_)n) is determl_ned . If _CSAD i

only if the binary decision variable,, is 1. To evaluate the applied then the Se_R(ti’f“) Is formed W.h'Ch contains all

decisions made, we calculate the travel cagigp) of the those requests, which are prematurely directed into the sub

pathp assigned to an own vehicle of the fleet W, the penalt ontraction fulfillment mode. Otherwise if SDAD is used then

: : ; he coefficientqw,, u¢,) defining the next applied objection
aymentg>? (p) for late arrivals associated with paitand the . tir it ) -
gugcontracti(frz CoSE? (1) ; requestrl with pat function F;, are determined (m). Afterwards, the new decision

model M (¢;) is defined (n) and a high quality solution of this
F o wr Ol 2 , gy Mmodel is derived (o) to replace the so far followed solution.
hor Z Z ( () + (p)) oo ®) For the derivation of the new solution we start the Memetic

pEP(t;) vEW . . . R
Algorithm developed in [24]. The new solution is broadcdste

Mt Z C?(r)y, — min to inform the field teams, the subcontractors and the cus®me
reR(t;) (p). Again, the procedure falls back into the idle (waitistgte
().
The procedure GETNTERVENTIONLINTENSITY(f:,)
Z Tpy = 1 VoeW ) evaluates the current planflexibility degree and returagtn-
pEPu(t:) trol value s¢,, which is normalized between 0 and 1.si is
Tpy = 1 VpEP,(t;), veEW (10)  zero then no model adaptations are applied but,ifequals
Yot Z Z ArpTpy = 1 VreR(t;) (11) 1 then all possible adjustments are implemented. The dontro
pEP(t;) VEW values,, is O if the current planflexibility degreg, is higher

yr = 1VreRE (t;) U R(t;, f.,) (12) than 85% but it is 1 if the current plgr!f_lexibility de_grg‘g
s has fallen below 75%. If the planflexibility degree increase
Z UrpTpo(r) = L VreR” (t;) (13) (decreases) between 0.75 and 0.85 theris proportionally
PEPu(r) (t:) lowered (enlarged).

All decisions are made so, that the sum of costs calculated The control yalue is used t(_) setup the necessary de(_:igion
by using the currently applied objective functiéi, is min- model adaptations. If CSAD is used to adapt the decision

imized Eq. (8). Each vehicle serves exactly one path Eq. (§ (.)dEI Eq. (8) - Eq. .(13) the_n th_e qrdered pair of the coef-
and it is not allowed to assign a pattto a vehicle that can- icients of the objective function is fixed to (1,1) but the set

not servep Eq. (10). Every request is either subcontracted ofrz(ti’ ft.) must be compiled for every re-planning task. At first

served by a vehicle from fleet W Eqg. (11). However, previﬁ(ti’ ft,) is emptied. Secondly, the numbeft;) of reguests
R*(t;) |]. Finally,

ously subcontracted requests remain subcontracted EgA12 to ;)e mserte:j 'ntd{(ti’dfti) IIS selt tot(séi]; &Nt di red
request whose on-site fulfilment has already been stanéd HL( i) requests are randomly selected frém(t;) and inserte

- . . nto R(t5, fr,).
not finished at time; cannot be re-assigned to another vehicld i Jti . .
Eq. (13) g In case that SDAD is incorporated for the decision model

The objective function Eg. (8) and the constraint Eq. (12§\djustment the two coefficients, andy., are determined pre-

are able to be adapted to the current planflexibility degrev-ogsw to the solving of the deM(ti)' The first coefficient
is fixed to the value 1 but,, is adapted to the current value

f+,. Thereby, the knowledge acquired during the online-modéi':




PROCEDURE processianagement();

(a) i:=0;

(b) t;:= GET.CURRENT.TIME();

(c) CurrentSolution := GENERATENITIAL _'SOLUTION();
(d) BROADCAST(CurrentSolution);

(e) wait until (CurrentSolution is completed) or (additidnequests are released);
) if (CurrentSolution is completed) then goto (r);
(9) i=i+1;

(h) t; = GET.CURRENT.TIME();
() R*(t;) = GET.RELEASEDREQUESTY(;);
0] if not (SOLUTION_CORRUPTED(CurrentSolution)) then goto (e);
(k) ft, = GET.CURRENTPLANFLEXIBILITY( ¢;);
) s, = GETIINTERVENTION_INTENSITY(f3,);
(m) R(t;, ft,) == SPECIFYINTERVENTION(s:,,R™ (t;)); (only CSAD)
(wt,, pit;) := SPECIFY.COEFFICIENTS:,); (only SDAD)
(n) M (t;) := DEFINE.MODEL(t;, CurrentSolutionR™(¢;),R(¢;, ft,)); (only CSAD
M (t;) := DEFINE.MODEL(t;, CurrentSolutionR™(;),(w, , pi+,)); (only SDAD)
(0) CurrentSolution := SOLVBMODEL (M (t,));
(p) BROADCAST (CurrentSolution);
(a) goto (e);
(1) stop();
Fig. 2. Pseudo code of the algorithmic framework

of the control signak,,. Let K denote the average quotient be-during the experiments: The averagely observed values for
tween the fulfillment costs in the subcontraction mode aed th\/ S Ny,, RAN,, and AT Ny, have been calculated for each by-
fulfillment costs in the self-fulfillment mode. The coeffinie pass adaptation strate@gyas well as the average of the plan-
e, 1S set tol + s, - K. If the current planflexibility degree flexibility degreeFy,. After a simulation experiment has been

is quite high then the control signaJ, is 0 andu,, = 1. If completed the achieved degrees for the system mode selec-
the current planflexibility degree is low then the contrgirsil  tion nervousnessi{.SN,}*), the system resource assignment

is close to 1 andi;, ~ 1 + K, so that the objective function nervousness{AN,;”*) and the system arrival time nervous-
(Eq. 8) recognizes the subcontraction as the cheaperraiiit ness AT N,}*) as well as for the systemflexibility degrég””
mode. have been calculated. In the next subsection, the averagely

. . served values are reported.
5. Numerical Experiments

5.2 Results
5.1 Experimental Setup

Fig.3 (continuous curve) shows that the planflexibility kg
For the assessment of the previously introduced bypass c@ilapses significantly after the demand peak occurs at time
trol strategies comprehensive numerical experiments haygoo until time 1700 (NONE). Both adaptive strategies SDAD
been setup and carried out. Artificial test instances intced (dashed curve) as well as CSAD (dotted curve) contribute
in [25] are used. Streams of consecutively arriving requi@st  to the stabilization of the planflexibility degree so thae th
taken from the Solomon instances [3B] € {R103, R104, planflexibility degree decreases only slightly and for arsho
R107, R108}. In these streams, 50 additional requests are rgeriod after the demand peak occurrence if SDAD or CSAD
leased every 100 time units. During the period from t=1508e incorporated.
until t=1700, an additional workload of 100 requests is re- The second column in Table 1 summarizes the averagely
leased leading to the overall number of 150 additional retjue phserved systemflexibility degrees broken down into theethr
during this period. integration strategies. In the reference experiment witfrde-

The three bypass control strategles {NONE, SDAD,  gration preference adaptation (NONE) a systemflexibiliy d
CSAD} have been applied to the four request sets. Evegfee of 74.1% is reached. If the constraint set is adapteeto t
simulation run has been seeded with three different valuegyrrent planflexibility degree (CSAD) then the significariti-
Overall, numerical results from- 4 - 3 = 36 simulation runs - creased systemflexibility degree 83.3% is achieved. An even
are reported in this section. slightly better systemflexibility degree of 83.8% is obsetvf

After a startup phase of 1000 time units, several perfoihe objective function is parameterized adaptively (SDAD)
mance indicators have been recorded for the next 4000 time|n order to compare the systemflexibility and the degree of
units. A schedule revision is performed every 100 time usiit eneryousness, the averagely observed degrees for mode selec
response to the arrival of the additionally released reigues  tjon, resource assignment and arrival time are presenteukin

In order to enable a thorough analysis of the simulation repjumns 3-5 in Table 1. Since both adaptive strategies CSAD
sults, the following performance indicators have beennd®®  and SDAD enforce and intensify the utilization of the subcon



1 Table 3. Evolution of the systems workload

08l V W Ly ** PDy
T NONE +287% 39%
> 0.6 SDAD +208% 20%
; CSAD +232% 23%
2 0.4] |
% this left shifting is observed only if CSAD is applied. From
S 02l NONE — | the values presented in the third column, it is concludetl tha
ggﬁg - both adaptive strategies support the prevention of defetsne
0 ‘ ‘ ‘ ‘ ‘ ‘ ‘ The postponement percentage for a request decreases from
1000 1500 2000 2500 3000 3500 4000 4500 5000  41% (NONE) to 31% (SDAD) respectively 28% (CSAD). Al-
time¢ together, the percentage of un-rescheduled requestasese
Fig. 3. Evolution of the planflexibility degref, from 43% (NONE) to 51% for the SDAD-application and even

up to 62% if CSAD is used.

The system’s workload (expressed in terms of waiting re-
quests) is finally analyzed. Independently from the apdigd

v 7 MSNY® RANY® ATNG® pass control strategy the number of waiting requests iseea
NONE 74.1% 1.35% 35505 56.8% significantly after the demand peak’s introduction. Howeve

CSAD 83.3% 5.250% 28.5% 38.2% the maximal number of waiting requestd’(.}7**) is influ-

SDAD 83.8%  6.25% 31.4% 48.8% enced by the applied bypass controll strategy (Table 3): If
NONE is applied then the number of waiting (known but not

] yet completed requests) increases maximally up to 287%, if
Table 2. Frequency of requests which have been proponed gtsap is applied then a lifting of 232% takes place but if

Table 1. Observed system nervousness values

deferred compared to their initial completion time SDAD is incorporated than an increase of 208% is observed.
v carlier Tater Unvaried The percentage of the observation time period in twhich a
NONE 16% 1% 23% workload is detected that is higher than the average prk-pea
SDAD 17% 3204 51% workload is stored inP Dy,. If the punctuality feedback infor-
CSAD 10% 28% 62% mation is not exploited (NONE) then the pre-peak workload is

exceeded after the peak’s appearance during 39% of the-obser
vation intervall [1000;5000]. The application of CSAD reds
traction mode, an increase 8f SN,** from 1.35% (NONE) P D,, down to 23% and the deployment of SDAD leD, fall
to 5.25% (CSAD) respectively 6.25% (SDAD) is observeddown to 20%.
Thus, the research hypothesis cannot be verified for this par The observed numerical results do not verify the research
ticular internal system nervousness degree. hypothesis in general. However, it has been observed that
A different observation is made for the resource assignhe adaptation of the integration preferences to the irgerm
ment system nervousness degrI N5  is 35.5% but  diate planflexibility degree supports the reduction of tkiee
this degree decreases down to 31.4% (SDAD) and even 28.5f4 nervousness degree of the arrival times at custome. site
(CSAD) if the integration preferences are adapted to thexint The bypass control by feedback information about the pmces
mediately observed planflexibility degree. The conclusibn quality is a reasonable tool to achieve a higher reliabilitth
this observation is that the research hypothesis is veriied respect to the announced arrival times so that the customers
this specific nervousness degree. trust in a once submitted arrival time increases.

With respect to the degree of the external arrival time ner-
vousness, the observed results enable a clear verification@ Conclusions

the research hypothesis. If the knowledge of the interntedia ]
planflexibility degree is not exploited for the variationthe AN @daptive control of a workload bypass to balance the work-

integration preferences (NONE) then the initially annaathc load entering a fleet _of vehicles of limited capacity has_ been
request completion time is revised for 56.8% of all incoming™0P0sed and investigated. The control has been realized by
requests. If SDAD is applied then the arrival time revisiea d 2djusting the utilization of the expensive subcontractibe

gree is reduced below 50% #I'N3Y; , ,=48.8%. In case that bypass) to the intermediately observed pIaaneX|b|I|tyr¢eg
CSAD is used to adjust the next decision model a further réhich represents the current transport system resporesigen

duction below 40% is achieved!T N:/*=38.2%. It is con- It has been demonstrated that the balancing of the workload
cluded, that the research hypothesis is verified for thearri Feduces the system nervousness in several aspects. Tieerefo
time nervousness. it contributes to a stabilization of once made scheduling-de

The decrease of thdT'N*¥*-values is significant, so that SIONS. _ _
this particular aspect has been analyzed in more detail. TheFuture research will be dedicated to the transfer of adap-
second column in Table 2 contains the percentage of reque¥§ control strategies to other logistic systems whichehe
whose final completion time is earlier than their initially-a cOP€ With oscillating workload. Furthermore, additionat-p

nounced completion time. A reduction of the percentage dermance criteria will be combined in the control signaletet
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