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Abstract

The paper is focused on usage of methods for asses®f test postal items flows used for measurémethe transit
time of end-to-end transportation services for lengiece priority mail. The results come out fronodelling of

measurement of postal transport system efficiencyhe basis of real postal traffic flows with pawliar discriminant
characteristics. Measurement of transit time isized by flow of test postal items in proportionrigal postal traffic
flows. The result of on-time performance is repnése by estimate of on-time probability. The mabjegtive of this

paper is assessment of measurement system effydigncalculation of key parameters for assessmemteasurement
results from viewpoint of next modelling.
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1. Introduction

This paper is focused on usage of methods for siseag of test postal items flows used for measuntwiethe
transit time of end-to-end transportation servit@ssingle piece priority mail (SPPM). The resutisme out from
modelling of measurement of postal transport systéfiniency on the basis of real postal trafficvito with particular
discriminant characteristics. Measurement of titatsie is realized by flow of test postal itemsproportion to real
postal traffic flows. The result of on-time perfante is represented by estimate of on-time prabab®n-time
probability in Czech conditions can be defined exbpbility of case, when transit time of item dowd exceed 1 day
(D+1). On-time probability is interpreted by variablalled weighted estimate of on-time probability, @fialso
includes distribution of mail flows within geogrdpal stratification according to disjunctive setddfined postal areas.
The rate of variation caused by used sample desigrkpressed by quantities of design factor in ddpece on
considered aspects of sample and measuring systeted to sample design and on-time probabilityrege.

The main objective of this paper is assessment efsurement system efficiency by calculation of key
parameters for assessment of measurement resutissfewpoint of next modelling. The results of ame probability
estimate accuracy are related to input assumptibes,especially geographical coverage of postalises and
geographical stratification on disjunctive set osfal areas. Modelling methods consider one-Opefatia of study
with set postal transportation network and congidedomestic mail flows for various sample sizes.

2.Measurement System Characteristic

SPPM is collected, processed and delivered by pogt@rators and measuring process uses representati
sample of end-to-end services for addressed mtil seit level of service transit time. The total lgyaf service (QoS)
level by transit time is expressed as percentagendfto-end items distributed duriig#+m days. Design of QoS
measuring system includes selection and allocatiotest items. These items are posted and recdiyeselected
panellists. Sample design includes specificatiohspanellists and test items, which must be repitaser in
consideration of design basis. Design basis isrtbst appropriate structural information availalde ¢haracterization
of real mail distributed in particular field of sty

Transit time of postal item is measured in daysiamlexpressed d3+m days. Day of postin® is the date of
next clearance after induction of item into postaiwork. The result of QoS is defined by on-timef@@nance. This
basic postal performance indicator means percemtbgestal items delivered in defined service stadd

The result of on-time performance must be expressegercentage of postal items delivered in trairsié
D+m, wherem represents figure of days determining servicedsteth Service standard for SPPM in Czech Republic i
given by Regulation no. 464/2012 Coll. Relevant gats, that by measuring of transit times perrcde year there
must be achieved result at least 92% of postal d&divered on the first working day following da¥its posting [3]. It
means, that at least 92 % of SPPM must have tram&tD+1. Then service standard (set postal performancs)lées/
at least 92 % SPPM deliveredi1. It is aim of transit time and naturally of on-Brperformance result as well.

Because measuring of transit times is realized dpresentative sample of test letters, the resutinefime
performance is represented by estimate of on-tinobability. On-time probability for test lettersrcde defined as



probability of case, when transit time of testdeflow does not exceed 1 ddy+1). On-time probability is interpreted
by variable called value of estimate for on-timehability, casely weighted estimate of on-time @idoibty including
distribution of letter flows within geographicalratification according to disjunctive set of defihpostal areas. The
rate of variation caused by used sample desigxpsessed by design factor from possible viewpoitimstratified
end-to-end measuring system, stratified random kamupd stratified end-to-end sample [1]. It is tedato sample
design and on-time probability estimate. Significgmrameters describing exploitation of measuriggtesn are
included and characterized in next parts of thjzepa

3.Significant Parameters of Measuring System Exploitéon

Key parameter of measuring system exploitationaimpde variance of on-time probability estimate id-¢o-
end measuring systelvfarEtE[f)] with calculation as follows:
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This parameter includes two elements. The firshelat is Relation to total variatid®tT, which represents differences
between results of various points of induction dativery. The second element is Intra relationatawn IRV, which
represents differences between test items in datae.

Relation to total variatioRtT consists of two basic components. The first corepoRtT includes aspect of
point of induction expressed in following form:
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Both these expressions are adjusted by expreBsiHA™:
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In other words, relation to total variation canddgded to three specific components. Differenceveen mean
values of relation and the total mean vaRi&; can be expressed as follows:
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Adjusted difference between mean values of poihisduction and the total mean valRéT, has following form:
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Adjusted difference between mean values of poifiteetivery and the total mean val&&T, is determined as follows:
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These separated componentsRoT provide important reflections of significant cobtitors toRtT and point out the
most intense influence and causeRiim— point of induction, point of delivery or certaiglations of items flovR [1,2].



Intra relation variatioRV has calculation form for each relation with mdrart one valid test item:
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where vérSRS[ f)] is sample variance of simple random samBR$ generally defined as:
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For relations of point of induction or point of dery with only one valid test item it is not pdsi& to calculatéRV by
way above-mentioned. For these relations with tema following approximation must be used:
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herea — index of sender with at least two valid itefns;index of addressee with at least two valid iteats:- index for
relation between sender and addresseethe number of test items;- the number of on-time test itemg;- value of

estimate for on-time probability equdh; OLR— one letter relations.

Calculation method for accuracy can be applied fsaesults from other measuring systems than SPPM
usable for many forms of end-to-end measuring systdor example bulk mail scenario. There inducted! volume
of one panellist could be sufficiently high for irttion to provide partial result adequate to senpcovided to this
panellist. In this case there is necessary to densinly one point of induction. If each point dflidery receives at
least two letters, then parametﬂirEtE[f)] has following form:
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In case of only one letter received by each pdintetivery we can speak about simple random sai(GRs.
Specific solution must be applied for categoryeifdrs within one letter relation®R). It is case when only
some of points of delivery receive exactly oneclettnd some points of delivery more than one leftben parametre

varge[p] has following form:
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The same argument is valid for fields of study vatily one point of delivery with form:
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In case of accuracy calculation for partial indotresults it is possible that certain points dfvdey receive
only one test item. This fact could be valid egr. fong-distance letter from special postal areandfiction. The
consequence of this fact is reflectedIRV calculation for one-letter cases. This limitatiowst be included inRV
calculation with adapted final addend in Eq. (1)hiea form as follows:
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For cases of accuracy calculation for partial dgljvresults the same explanation is valid, foranse long-distance
letter to special postal area of delivery [1].

4. Modelling of Test Items Sample and Results of Pameters

Modelling of test items sample is based on paramseté geographical coverage by postal services and
stratification of measuring sample for two pericafs2014. Modelling presumes one-Operator field wfdg with
domestic SPPM for various sample sizes in proportibdesign basis. Used sample sizes are necessangyer all
postal areas with concrete flows of test items ciwhmust fulfil requirement of proportionality wittesign basis of real
SPPM flows. The first modelling sample considers-omonth period, the second one considers two-nmoettiod.

Measuring system modelling for both periods is Ham® relevant indicators figures. These indicatansiprised
in Table 1 are necessary data for key parametdecalation. Applying these input variables, calcathtresults of key
parameters using above-mentioned equations araioedtin Table 2:

Table 1
Input indicators of modelling
Variable 1% period 2" period
n 1905 5521
X 1796 5085
Table 2
Parameters results of modelling
Parameter 7' period 2" period
RtT 2,07001E-05 1,51392E-05
RtT 6,46072E-05 3,09993E-05
R{T" -2,81814E-05 -1,3376E-05
P 0,9428 0,9210
Var iy [ Pao) 2,12842E-07 1,13582E-06
varge | pl 5,73388E-05 3,38983E-05

Calculated results of key parameters give satisfgotalues. Particular elements RET have very small values
with significant contribution oRtT°. Low values have been obtained IRV and vérEtE[fa] as well IRV values have

positively lower level thaiRtTvalues. Values oo meet required postal performance level defineddsyice standard.

Comparing results of*1and 2¢ period, longer 2 period with larger apllied sample has smaller galofRtT and
vérEtE[fa], on the opposite higher value I&¥V.

5. Conclusions

European Comission emphasizes the necessity todmaamon rules for development of postal servicahiwi
Community and improvement of QoS. Comission haimddfrequirements on postal measuring systems & @ith
possibility of independent end-to-end measurenigm. aim of this measurement is to estimate QoSdnsit time of
end-to-end services for SPPM provided to custonyeddmestic mail in each European country and bgsstmrder
mail among European countries. Received figureparhmeters by measuring system modelling are srifly
satisfactory. Values of variations are very low amdtime performance meets QoS requirements. Censglapplied
stratification system of modelled test letter flowsxt modelling based on proportional parameteosilsl give reliable
results as well.
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