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ABSTRACT 

(51) 

(52) 
(57) 
A system and method for managing information relating to 
requests for a number of tests to be made of at least one 
sample within a laboratory environment are disclosed. The 
system may include a sample reception unit, a pre-analytical 
unit to Scan, sort and/or aliquot the sample on request accord 
ing to respective test requirements included within a respec 
tive sample order, an analytical unit to run at least one test on 
a sorted and/or aliquoted sample, and at least one decision 
unit. The decision unit acts as a connecting component for 
interconnecting the sample reception unit, the pre-analytical 
unit and the analytical unit as both an intermediary and coor 
dinator such that tests can be performed via a recursive work 
flow until the sample is completely measured. The decision 
unit is further configured to collate the test results appropri 
ately with the sample and to give a respective report towards 
a host component. 
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SYSTEMAND AMETHOD FOR MANAGING 
INFORMATION RELATING TO SAMPLE 

TEST REQUESTS WITHIN A LABORATORY 
ENVIRONMENT 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of International 
Application No. PCT/EP2007/004581 filed 23 May 2007, 
which claims priority to EP Application No. 0601 1422.0, 
filed Jun. 1, 2006, which are herein incorporated by reference. 

FIELD OF THE INVENTION 

0002 The present invention relates generally to data man 
agement within a laboratory environment and more particu 
larly, to a system and a method for managing information 
relating to requests for a number of tests to be made on at least 
one sample within a laboratory environment. 

BACKGROUND OF THE INVENTION 

0003. In some current laboratory environments, an 
increased amount of samples have to be handled. They have to 
be tested with respect to abroad range of different properties. 
Those laboratories have particularly a lot of different instru 
ments for automated sample preparation and for automated 
analysis. Those laboratory processes include pre-analytical, 
analytical and post-analytical steps and require at the same 
time powerful data management functions. Therefore, it is a 
pre-requisite for optimizing a complete laboratory process to 
combine those pre-analytical, analytical and post-analytical 
decisions with data management functions. Moreover, it 
would be desirable to provide one uniform backbone to real 
ize advanced sample workflows in a uniform manner to 
increase laboratory efficiency and to deliver high quality 
results. Simultaneously, it would be desirable, that the com 
plexity of such laboratory processes is reduced, while 
improving quality and providing a satisfying work environ 
ment. 

SUMMARY OF THE INVENTION 

0004. Therefore, the present disclosure provides a system 
and a method, which allow small to very large laboratory 
sites, as for example molecular diagnostic sites, to realize 
customer Solutions combining fully computer aided sample 
handling functions with data management decisions. 
0005 Those laboratory sites have, as already mentioned, 
typically one or more units for sample preparation and one or 
more units for analysis, e.g. in case of molecular diagnostic 
laboratories for amplification and detection. 
0006. According to one embodiment, a system for man 
aging information relating to requests for a number of tests to 
be made on at least one sample within a laboratory environ 
ment is disclosed. The system comprises at least one pre 
analytical unit, which is configured to scan the at least one 
sample and to sort and/or aliquot the at least one sample on 
request according to respective test requirements, at least one 
analytical unit configured to run at least one test of the number 
of tests on the appropriately sorted and/or aliquoted sample 
and a decision unit enabling at least one host component to 
access the system and to Submit the sample order, and acting 
as connecting component for interconnecting the at least one 
pre-analytical unit and the at least one analytical unit and as 
intermediary and coordinator in communication between 
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those units, such that the number of tests can be performed via 
a workflow, such as via a recursive workflow, coordinated by 
the decision unit until a pre-given stopping criterion is full 
filled. Such as until the sample is completely measured, the 
decision unit being further configured to collate the test 
results appropriately with the sample and to give a respective 
report towards the at least one host component. 
0007. In a further embodiment, a decision unit for manag 
ing information relating to requests for a number of tests to be 
made on at least one sample in a system within a laboratory 
environment is disclosed. The system within the laboratory 
environment comprises at least one pre-analytical unit and at 
least one analytical unit. The decision unit enables at least one 
host component to access the system and to Submit a sample 
order for the at least one sample. Furthermore, the decision 
unit acts as a connection component for interconnecting the at 
least one pre-analytical unit and the at least one analytical unit 
and as intermediary and coordinator in communication 
between those units, such that the number of tests can be 
performed via a workflow, such as via a recursive workflow, 
coordinated by the decision unit, until a pre-given criterion is 
fulfilled, such as until the sample is completely measured. 
The decision unit is further configured to correlate the test 
results appropriately with the sample and to give a respective 
report towards the at least one host component. 
0008. A further embodiment refers to a method for man 
aging information related to requests for a number of tests to 
be made on at least one sample in a system within a laboratory 
environment, the system within the laboratory environment 
comprising at least one pre-analytical unit, at least one ana 
lytical unit and one decision unit. The method comprises: 
receiving the sample, transporting the sample to the at least 
one pre-analytical unit, identifying the sample and assigning 
the sample to a sample order, processing the sample accord 
ing to the sample order by a dynamically adaptable coordi 
nated interaction of the at least one pre-analytical unit and the 
at least one analytical unit, and giving a report about the 
processing to at least one host component, wherein the coor 
dination between the respective units is managed by the deci 
sion unit acting as intermediary and coordinator in commu 
nication between the respective units and the report is given 
by the decision unit acting as consolidating front end related 
to the at least one host component. 
0009. The present invention also relates in one embodi 
ment to a computer-readable medium with a computer pro 
gram stored thereon, the computer program comprising a 
program code, which is Suitable for carrying out a method 
according to the disclosure when the computer program is run 
on a computer, Such as on a computer integrated within a 
system and/or a decision unit according to the present disclo 
SUC. 

0010 Further features and embodiments will become 
apparent from the description and the accompanying draw 
ings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0011 FIG. 1 shows a schematic block diagram of a pos 
sible embodiment of a system according to the present dis 
closure, 
0012 FIG.2 shows a schematic block diagram of a further 
embodiment of a system according to the present disclosure, 
0013 FIG. 3 shows a flowchart of an embodiment of the 
method according to the present disclosure, 
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0014 FIG. 4 shows a flowchart of a further embodiment of 
the method according to the present disclosure, and 
0015 FIG. 5 shows a schematic simple recursive work 
flow realizable by an embodiment of the system according to 
the present disclosure. 

DETAILED DISCUSSION 

0016 For purposes of clarity, the present discussion refers 
to an abstract example of a system. However, the method and 
the system of the present disclosure may operate with a wide 
variety of types of systems including networks and commu 
nication systems dramatically different from the specific 
example as illustrated in the drawings. 
0017. It should be understood that while the following is 
described in terms of a specific system, that there are appli 
cations in a variety of communication systems, such as 
advanced medical laboratory systems, advanced laboratory 
networks or any other communication system that would 
benefit from the system or the method according to the 
present disclosure. It is intended that the system as used in the 
specification and claims is suitable to be used in any commu 
nication system unless the context requires otherwise. 
0018. An implementation is schematically illustrated in 
the drawings by way of an example embodiment and is 
explained in detail with reference to the drawings. It is under 
stood that the description is in no way limiting on the scope of 
the present disclosure and is merely an illustration of an 
example implementation. 
0019. In the following, similar components are referred to 
by equal reference numbers. 
0020 FIG. 1 shows a block diagram of an embodiment of 
the system according to the present disclosure. The system 
100 comprises a decision unit 10, at least one pre-analytical 
unit 20, at least one analytical unit 30 and at least one post 
analytical unit 40. The possibility of a multiplicity of the 
respective units is indicated by an appropriate enumeration 
and by Successively arranged boxes, respectively. The deci 
sion unit 10 is further connected with a database 11 as indi 
cated by link A. The database 11 can also be integrated within 
the decision unit 10. The decision unit 10 is connected, as 
indicated by link B, with at least one or more host components 
200. Via standard host interface protocols, e.g. ASTM or 
HL7, the decision unit 10 can communicate with at least one 
host component 200 with a standard function set. No specific 
logic has to be realized in the host system. Therefore, it can be 
integrated fast, easy and with low risk. 
0021. During runtime of the system 100, a sample order 
comprising a sample-ID and sample test requests can be 
downloaded from at least one host component 200 to the 
decision unit 10 of the system 100 via standard interface 
protocols. Sample test request information and sample infor 
mation, optionally including other sample and patient demo 
graphic information, which is included in the sample order, is 
stored in the local database 11 of the decision unit 10. A 
sample inform of a sample tube 50 is arriving, as indicated on 
the left side of FIG. 1, in the pre-analytical unit 20. A sample 
scan is preformed by the pre-analytical unit 20 which is sent 
via link C to the decision unit 10. 
0022. The decision unit 10 is downloading to the pre 
analytical unit 20 via link C sample information, i.e. an appro 
priate target information or pending test requests which are 
included in the sample order. Depending on the downloaded 
sample information, e.g. target or pending tests, the at least 
one pre-analytical unit 20 is performing the required action, 
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i.e. sorting or aliquoting the sample tube 50, and putting the 
sample tube 50 into an appropriate target. The pre-analytic 
sorting/aliquoting information is uploaded (e.g. inform of an 
extended sample order) via link C to the decision unit 10. The 
sorted aliquoted sample tube 50 is put via link D on the 
analytical unit 30. 
0023. Either in batch or in query mode the analytical unit 
30 is asking via link E for the appropriate test request infor 
mation from the decision unit 10. The decision unit 10 is 
downloading via link E the extended sample order including 
the corresponding information to the analytical unit 30. After 
the corresponding test(s) has (have) been done by the analyti 
cal unit 30, the test results are uploaded from the analytical 
unit 30 via link E to the decision unit 10. 
0024. The decision unit 10 updates the sample order with 
respect to the uploaded test results. That means that the deci 
sion unit 10 processes the test results, derives therefrom open 
and/or pending test requests, decides about further actions 
and initiates those actions, if necessary. Furthermore, the 
decision unit 10 updates the sample order stored within the 
database 11. The decision unit 10 can comprise a rule engine 
12 by means of which that coordination functionality of the 
decision unit 10 can be supported. The rule engine 12 can be 
an off-the-shelf rule engine capable of handling facts and 
applying inference rules on those facts. The inference rules 
can be defined in advance and dynamically adapted to new 
circumstances. 
0025. The rule engine can add new or confirmation tests 
based on current test results, current test result flags, other 
sample information, Such as Sample quality, sample Volume, 
sample turn around time, sample load balancing rules, previ 
ous sample results, etc., and/or patient related information, 
Such as age, gender, location information, requester/ward, 
etc., or this test or any other requested test can be commented, 
blocked, released, replaced, modified or extended, e.g. by 
comments or flags. 
0026. The sample tube 50 is either immediately processed 
by the analytical unit 30 as indicated by backwardly directed 
arrow I, in case the analytical unit has the capabilities or the 
sample tube 50 is put back on one of the pre-analytical units 
20 as indicated by backwardly directed arrow F. 
0027. The pre-analytical unit 20 is scanning the sample 
unit 50 again and sends the scan via link C to the decision unit 
10. In case of still pending test requests, the decision unit 10 
is downloading again the appropriate test request or target 
information via link C to the pre-analytical unit 20 and the 
described steps are repeated until all test requests/targets have 
been done and no open test request/target is existing. 
0028. Then, the sample tube 50 is sorted via link Ginto an 
archive tray by the at least one post-analytical unit 40, which 
is informed by the decision unit 10 via link H. 
0029. By means of the system 100, it is possible to realize 
that no special workflow logic has to be implemented into the 
host component 200. While links A, B, C, E and H describe 
communication links enabling the respective units to transfer 
information data among each other, for example by using 
appropriate interface protocols, respectively, links D. F.G and 
I correspond to transporting connections for the sample tube 
SO. 
0030 The host component 200 is relieved from any real 
time duties as all required decisions, i.e. pre-analytical, ana 
lytical and post-analytical decisions are taken by the decision 
unit 10. High quality results can be delivered by proven pro 
cess units within the system 100 and complex algorithms do 
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not have to be implemented in the host component 200. The 
laboratory process as described above can be optimized by 
combining sample flow related decisions as pre-analytical, 
analytical and post-analytical steps with data management 
information as received test results optionally combined with 
available sample and patient information within the decision 
unit 10. Via standard host interface protocols, e.g. ASTM or 
HL7, those workflow and data management functions can be 
integrated fast, easy and with low risk into an existing labo 
ratory environment. This reduces the complexity, improves 
laboratory quality and provides a satisfying work environ 
ment. 

0031. The system is scalable and extendable as pre-ana 
lytical, analytical and post-analytical units can be added 
based on the throughput and turn around time requirements. 
This can be done without change of the interface between the 
host component 200 and the decision unit 10. 
0032. It is possible to provide a plurality of pre-analytical 
units 20, wherein all of the pre-analytical units have the same 
functionality and perform the same task on a sample. There 
fore, it is possible to handle a plurality of samples 1 to n in 
parallel. That means, for example, that samples 1 to i are 
handled by pre-analytical unit 20 1, whereas samples i+1 to 
in are handled by pre-analytical unit 20 2. This can be con 
tinued analogically in case of more than two pre-analytical 
units. 
0033 Alternatively, it is possible to provide a plurality of 
pre-analytical units 20, wherein each of the pre-analytical 
units can perform certain steps in the pre-analytical process 
ing of a sample, thus the pre-analytical units complement one 
another with respect to the whole pre-analytical processing. 
That means, for example, in case of m steps which have to be 
done in the pre-analytical processing, that steps 1 to i are done 
for all samples by pre-analytical unit 20 1, whereas steps i+1 
to m are performed by pre-analytical unit 20 2. The assign 
ment of steps can be modified accordingly in case of more 
than two pre-analytical units. 
0034 FIG. 2 describes a further block diagram of an 
embodiment of the system according the present disclosure. 
The system 100 comprises a decision unit 10, at least one 
analytical unit 30 and at least one further unit 25 in which a 
pre-analytical unit and a post-analytical unit are combined. 
The decision unit 10 is again connected via a link A with a 
database 11 which can also be an integral part of the decision 
unit 10. The decision unit 10 can communicate with at least 
one host component 200 via a standard interface protocol, as 
indicated by link B. The decision unit 10 can also communi 
cate with the pre- and post-analytical unit 25 and with the 
analytical unit 30 via appropriate interface protocols, respec 
tively, as indicated by links C, E and H. As indicated on the 
left side a sample tube 50 is arriving in the pre- and post 
analytical unit 25 where a sample scan is performed and sent 
to the decision unit 10. Based on the scan the decision unit 10 
is downloading an appropriate sample order including a 
sample-ID and either the sample test request or target infor 
mation, optionally combined with available sample and 
patient information, which is stored in the local database 11 of 
the decision unit 10. The stored sample order optionally com 
bined with other information has been downloaded before 
from the host component 200 to the decision unit 10 of the 
system 100 via standard interface protocols. 
0035 Depending on the downloaded sample order/sample 
target information, the pre- and post analytical unit 25 is 
performing a required action, as for example sorting or ali 
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quoting, and putting the sample tube 50 into an appropriate 
target. The sample order can be extended by the pre-analytic 
sorting/aliquoting information. Such extended sample order 
in terms of sample information, e.g. sample extension, 
sample position or any other information, is uploaded via link 
C from the pre- and post-analytical unit 25 to the decision unit 
10. The sorted/aliquoted sample tube 50 is put via connection 
D on the analytical unit 30. 
0036. The analytical unit 30 is asking via link E for appro 
priate test request information from the decision unit 10. The 
analytical unit 30 is asking for such information either in 
batch mode or in query mode. The decision unit 10 is down 
loading the sample order or the extended sample order, which 
is to be understood in the broadest sense of sample informa 
tion comprising the required information, to the analytical 
unit 30. After the required test has been done the test results 
are uploaded from the analytical unit 30 to the decision unit 
10. 

0037. The decision unit 10 updates the sample order with 
respect to the uploaded test results. The decision unit 10 can 
add new or confirmation tests based on current test results, 
current test result flags, other sample information, Such as 
sample quality, Sample Volume, sample turn around time, 
sample load balancing rules, previous sample results, etc., 
and/or patient related information, such as age, gender, loca 
tion information, requester/ward, etc., or this test or any other 
requested test can be commented, blocked, released, 
replaced, modified or extended, e.g. by comments or flags. 
The sample tube 50 is either immediately processed by the 
analytical unit 30 as indicated by backwardly directed arrow 
I, in case the analytical unit has the capabilities, or the sample 
tube 50 is put back on the pre- and post-analytical unit 25 as 
indicated by backwardly directed arrow F. The pre- and post 
analytical unit is scanning the sample tube 50 again and the 
scan is sent to the decision unit 10. 
0038. In case of still pending sample test requests, the 
before mentioned steps are repeated until all sample test 
requests have been done or no open target is existing on the 
sample tube 50. In case no open test requests are existing or no 
open target is existing, the sample tube 50 is sorted into an 
archive tray by the pre- and post analytical unit 25. 
0039 FIG. 3 shows a flowchart of an embodiment of the 
method according to the present disclosure. The method as 
described hereinafter can be used in large molecular diagnos 
tics sites. Those sites have typically one or more instruments 
for automated sample preparation and one or more automated 
amplification and detection instruments. Instruments for 
automated sample preparation are provided for example by 
COBAS AmpliPrepTM Instruments of Roche Diagnostics. As 
automated amplification and detection instruments COBAS 
Taq ManTM Analyser, COBAS TaqMan 48TM Analyser or 
COBAS AmplicorTMAnalyser, all distributed by Roche Diag 
nostics, can be used. A number of the laboratories are using 
one or more so-called Hamilton StarTM for automated pipet 
ting of primary sample tubes to so-called S-tubes of the men 
tioned COBAS AmpliPrepTM Instrument. These laboratories 
are running for example virology assays for HIV/HBV/HCV 
testing. The Hamilton system in a workflow as it is provided 
by an embodiment of the method according to the present 
disclosure can be used as an aliquot system generating out of 
a bar-coded primary sample tube an aliquot in a so-called SK 
24 rack. The Hamilton system is not used as a pooling system. 
The decision unit as a part of an embodiment of the system 
according to the present disclosure manages the workflow 



US 2009/O 130765 A1 

described hereinafter and required data information transfer 
between the different units. The decision unit manages in a 
molecular diagnostics workflow an interface to a host com 
ponent, a data flow between the so-called Hamilton system 
and any analytical unit, hereinafter called AmplilinkTM data 
stations, and collates test results with the corresponding 
sample tubes and reports sample and/or test order status 
towards a corresponding host component. 
0040. In the case described in FIG. 3, a sample order is 
generated in a host component 200. The sample order consists 
of a unique sample ID and a number of test requests. The 
sample order, namely the sample-ID and the test requests, is 
downloaded to the decision unit 10 as a part of a system 100. 
One or more pre-analytical units 20, which can be a Hamilton 
system, is sending a query to the decision unit 10 as soon as a 
sample tube has been scanned on the pre-analytical unit 20. 
The decision unit 10 is sending via link C the sample order, 
including a specimen-ID plus the sample test requests, to the 
pre-analytical unit 20. The pre-analytical unit 20 is process 
ing the sample order. Depending on the test requests, sample 
material is pipetted in a rack, Such as a SK-rack. The pre 
analytical unit 20 is extending the sample order by the rack 
ID and the rack-position. The extended sample order is 
uploaded via link C to the decision unit 10. 
0041 Alternatively, the sample order, that means the 
sample-ID plus the test requests, can also be entered directly 
into the pre-analytical unit 20, e.g. by loading the correspond 
ing samples, assorted by test parameters. Therefore, the deci 
sion unit 10 must be able to handle unknown sample orders 
uploaded by the pre-analytical unit 20. The host component 
200 must also be able to handle unknown samples, that means 
sample-ID plus sample test results, uploaded by the decision 
unit 10 at the end of the test process. 
0042. The decision unit 10 is receiving the extended 
sample order, namely the sample-ID, the sample-ID modi 
fied, the rack-ID, the rack-position and the test requests. The 
decision unit 10 is forwarding the sample order according to 
the rack-ID, received by the pre-analytical unit 20 and an 
assigned rack-range in case of multiple connections to appro 
priate analytical units 30 via respective links E 1, ..., E. N. 
Those analytical units 30 can be assorted by rack-range as 
indicated by the numeration 30 1 to 30 N. In the case shown 
here, the analytical unit 30 1 handles rack range A to M, 
while the analytical unit 30 N handles rack range N-Z. The 
analytical unit 30 1 is processing the sample orders relating 
to rack ranges Ato M. The analytical unit 30 N processes the 
sample orders relating to rack ranges N to Z. After having 
performed the corresponding tests, the respective analytical 
unit 30 is uploading via respective link E the sample order and 
the test results to the decision unit 10 including flags and 
comments. The decision unit 10 is updating the sample order 
with respect to the received test results. The decision unit 10 
is uploading the updated Sample order, including the test 
results to the host component 200. Such an upload can be 
performed according to predefined rules. The decision unit 10 
can uploading the updated Sample order periodically to the 
host component, thus informing the host component about the 
actual sample order/result status. Alternatively, the host com 
ponent is only informed by a sample order upload when all 
test requests have been done. In case that there are still pend 
ing test requests, the decision unit 10 downloads again the 
sample order, including sample test results(s) and pending 
test request(s) via link C to the pre-analytical unit 20. 
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0043. In the case shown here, racks must be pre-sorted by 
the laboratory, considering the target system the test requests 
are performed. 
0044 FIG. 4 shows a further flowchart of another embodi 
ment of the method according to the present disclosure. 
0045. A sample order is again generated in a host compo 
nent 200. The sample order consists of a unique sample-ID 
and a number of test requests to be made on the corresponding 
sample. The sample order, namely the sample-ID and the test 
requests, is downloaded to a decision unit 10, which is part of 
a system 100. One or more pre-analytical units 20, which is 
also included within system 100, is sending a query to the 
decision unit 10 as soon as the sample has been scanned on the 
pre-analytical unit 20. The decision unit 10 is sending via link 
C the sample order to the pre-analytical unit 20. The pre 
analytical unit 20 is processing the sample order. Depending 
on the test requests, sample material is pipetted in an appro 
priate rack, which can be for example a so-called SK-24 rack. 
The pre-analytical unit 20 is extending the sample order by a 
rack-ID and a rack-position. The extended sample order is 
uploaded via link C to the decision unit 10. 
0046. As already mentioned in connection with FIG. 3, 
sample orders can also be entered directly on the pre-analyti 
cal unit 20, e.g. by loading samples, assorted by test param 
eters. Therefore, the decision unit 10, as well as the host 
component 200, must be able to handle unknown sample 
orders uploaded by the pre-analytical unit 20 and the decision 
unit 10, respectively. 
0047. The decision unit 10 is receiving the extended 
sample order, including the sample-ID, a sample-ID modi 
fied, a rack-ID, a rack-position and test requests. The decision 
unit 10 is forwarding via batch download the sample order to 
all analytical units 30 1,..., 30 N, which are connected with 
the decision unit 10 via links E 1, ..., E. N. respectively. The 
respective analytical unit 30 i among the plurality of ana 
lytical units 30, which is receiving the SK-24 rack is process 
ing the sample order. This analytical unit 30 i is uploading 
the sample order and the test results to the decision unit 10, 
including flags and comments. After the decision unit 10 has 
received the complete sample, the decision unit is sending a 
cancel request via respective links E to the other analytical 
units 30 i (iz) to delete an appropriate order automatically 
out of a local analytical data base. The decision unit 10 is 
updating the sample order with respect to the test results and 
uploading the updated sample order including the test results 
to the at least one host component 200. In case that there are 
still pending test requests, the decision unit 10 downloads 
again the sample order, including sample test results(s) and 
pending test request(s) via link C to the pre-analytical unit 20. 
0048. In the case shown here, no rack pre-sorting is 
required, contrary to the scenario shown in connection with 
FIG. 3. Overlapping test panes in case of multi analytical unit 
connections are Supported. 
0049 FIG. 5 shows a recursive workflow which can be 
realized within an embodiment of the system according to the 
present disclosure. A simple recursive workflow, based ontest 
requests only, is implemented between a pre-analytical unit, 
hereinafter called Hamilton, a decision unit, called PSM, and 
an analytical unit, called Amplilink. Such a recursive work 
flow means, in the example shown here, that only the remain 
ing test requests, which have not been processed up to now, 
are considered. If all tests have been done an appropriate flag 
is sent to the pre-analytical unit, acting as a sample prepara 
tion unit. Optionally completely processed samples can then 
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go into archive. In case that the requested sample is not known 
by the decision unit, an appropriate flag is sent to the pre 
analytical unit. 
0050. The example shown in FIG. 5 describes a sample 
“123 with test requests “T1/T2/T3/T4'. The at least one 
pre-analytical unit Hamilton asks via query 1 the decision 
unit PSM for sample “123. As an answer, which is sent from 
the decision unit PSM to the pre-analytical unit Hamilton, a 
sample-ID “123 with test requests “T1/T2/T3/T4” is pro 
vided. The pre-analytical Hamilton performs pre-analytical 
actions, e.g. pipetting, and sends the result back to the deci 
sion unit PSM for sample “123, which reads “sample-ID 123 
T1: R-ID/R-Pos/123. In reaction to such a result, the sample 
is forwarded to an appropriate analytical unit for processing 
test request T1. Via a query 2, the at least one pre-analytical 
unit Hamilton asks the decision unit PSM for sample “123”. 
As an answer, the decision unit PSM sends to the pre-analyti 
cal unit Hamilton where the sample is put on the sample-ID 
“123 with test requests “T2/T3/T4', since T1 has been 
already processed successfully. As a result, the pre-analytical 
unit Hamilton where the sample is put on performs the pre 
analytical action (pipetting) and sends the result back to the 
decision unit PSM, which reads the “sample-ID 123 T2: 
R-ID/R-Pos/123. In reaction of such a result, the sample 
“123” is forwarded by the decision unit PSM to an appropri 
ate analytical unit, which processes test request T2. After that, 
the at least one pre-analytical unit Hamilton asks again via 
query 3 the decision unit PSM for sample “123. The decision 
unit PSManswers by providing the sample-ID “123” with test 
request “T3/T4'. The pre-analytical Hamilton where the 
sample is put on makes pipetting for sample '123' and sends 
the results back to the decision unit PSM, which reads 
“sample-ID 123 T3, T4: R-ID/R-Pos/123. Therefore, the 
sample is forwarded to an analytical unit, which is capable of 
processing test requests T3, T4. After that, the sample is 
forwarded back to the at least one pre-analytical unit Hamil 
ton, which asks via query 4 the decision unit PSM again for 
sample “123. The decision unit provides the pre-analytical 
unit with information of the sample “123, namely the 
sample-ID “123, with no test requests left. That means, that 
in this case, an empty record is sent back, so that the pre 
analytical unit Hamilton does not performany further action. 
The sample can then be forwarded to a post-analytical unit in 
which the sample can be archived. Such a post-analytical unit 
can be consolidated with a pre-analytical unit within a com 
mon physical device. 
0051. According to one embodiment, a system for man 
aging information relating to requests for a number of tests to 
be made on at least one sample 50 within a laboratory envi 
ronment is disclosed. The system comprises at least one pre 
analytical unit 20 configured to scan the at least one sample 50 
and to sort, aliquot and/or archive the at least one sample 50 
on request according to respective test requirements included 
within a respective sample order, at least one analytical unit 
30 configured to run at least one test of the number of tests on 
the appropriately sorted and/or aliquoted sample 50, and a 
decision unit 10 enabling at least one host component 200 to 
access the system and to Submit the sample order for the at 
least one sample, and acting as intermediary and coordinator 
in communication between the at least one pre-analytical unit 
20 and the at least one analytical unit 30 such that the number 
of tests can be performed via a recursive workflow until a 
pre-given stopping criterion is fulfilled, the decision unit 10 
being further configured to collate gained test results appro 
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priately with the sample 50 and to give a respective report 
towards the at least one host component 200. 
0.052 The system can also comprise in another embodi 
ment at least one sample reception unit configured to receive 
the at least one sample. 
0053. In a further embodiment, a decision unit 10 for 
managing information in real-time relating to requests for a 
number of tests to be made on at least one sample 50 in a 
system within a laboratory environment is disclosed. The 
laboratory environment comprising at least one pre-analyti 
cal unit 20 and at least one analytical unit 30, wherein the 
decision unit 10 enables at least one host component to access 
the system and to Submit a sample order for the at least one 
sample, and acts as intermediary and coordinator in commu 
nication between the pre-analytical unit 20 and the analytical 
unit 30 such that the number of tests can be performed via a 
recursive workflow, coordinated by the decision unit 10 until 
a pre-given stopping criterion is fulfilled, the decision unit 10 
being further configured to collate gained test results appro 
priately with the sample 50 and to give a respective report 
towards the at least one host component 200. 
0054 The decision unit 10 in one embodiment is combin 
ing the information coming from the different units, e.g. from 
the at least one pre-analytical unit 20 and the at least one 
analytical unit 30, as a basis to make a next decision. 
0055. The decision unit 10 itself in one embodiment can 
be configured to optionally combine current analytical data, 
Such as current analytical test result information with other 
sample related information to decide the next pre-analytical 
step. Sample related information is to be understood within 
the scope of the present specification in a broad sense, includ 
ing sample specific information, Such as sample quality, 
sample Volume, sample turn around time, sample load bal 
ancing information, delta checks with previous results, and/or 
patient related demographic information, such as age, gender, 
location information, requester/ward etc. 
0056. A further embodiment refers to a method for man 
aging information relating to requests for a number of tests to 
be made on at least one sample within a laboratory environ 
ment, the laboratory environment comprising at least one 
pre-analytical unit 20, at least one analytical unit 30 and a 
decision unit 10. The method comprises: receiving the 
sample, transporting the sample to the at least one pre-ana 
lytical unit 20, identifying the sample and assigning the 
sample to a sample order, processing the sample according to 
the sample order by a dynamically adaptable coordinated 
interaction of the at least one pre-analytical unit 20 and the at 
least one analytical unit 30, and giving a report about the 
processing to at least one host component 200, wherein the 
coordination between the at least one pre-analytical unit 20 
and the at least one analytical unit 30 is managed by the 
decision unit 10 acting as intermediary and coordinator in 
communication between the respective units and the report is 
given by the decision unit 10 acting as consolidating front end 
related to the at least one host component 200. 
0057 The processing in one embodiment can be done via 
a recursive workflow. 
0058. In another embodiment, the recursive workflow 
comprises: processing the sample order by the at least one 
pre-analytical unit by Sorting and/or aliquoting the sample 
and putting the sample into an appropriate target, putting the 
Sorted and/or aliquoted sample on the at least one analytical 
unit, depending on the sample order with the sample test 
request information and the sample related information, 
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downloaded from the decision unit to the analytical unit, 
performing at least one appropriate test among the number of 
tests by the analytical unit, uploading the test results from the 
analytical unit to the decision unit, updating the sample order 
with respect to the uploaded test results at the decision unit, 
and repeating at least Some of the steps until a pre-given 
stopping criterion is fulfilled. 
0059. When a test is performed, the test results are sent 
back to the decision unit. At the decision unit, the sample 
order is accordingly updated with respect to the uploaded test 
results, i.e. by current test result information and with respect 
to further current sample related information. The test result 
information can comprise all still open or pending test 
requests in one embodiment. The further current sample 
related information can comprise any information describing 
situational interests in another embodiment. Optionally, new 
tests or confirmation tests can be generated by the decision 
unit based oncurrent test results, current result flags, previous 
sample results, any other patient related demographic infor 
mation, Such as gender, age, requester, etc. or the test just 
made or any other requested test can be commented, blocked, 
released, replaced, modified or extended, e.g. with comments 
or flags. Failed tests which have to be repeated can also be 
included in another embodiment. The updated sample order is 
processed again until a pre-given stopping criterion is 
reached. Such a stopping criterion can be fulfilled, e.g. when 
all test requests have been done in one embodiment. 
0060. One embodiment of the method further comprises 
receiving the sample order comprising a sample-ID and the 
sample test requests with sample test request information and 
sample related information from the at least one host compo 
nent. That means that the sample order comprising the 
sample-ID and the test requests is downloaded from the at 
least one host component to the decision unit. In that case, it 
is conceivable, that the pre-analytical unit is sending a query 
to the decision unit after the sample received at the pre 
analytical unit has been Scanned. The decision unit sends the 
sample order to the pre-analytical unit. The pre-analytical 
unit processes the sample order by Sorting and/or aliquoting 
the sample, depending on the sample test request information, 
and by putting the sample as a sample tube into an appropriate 
target. It is possible, for example, that depending on the 
sample test request information sample material is pipetted 
into an appropriate secondary tube which is assigned to an 
appropriate rack and target. 
0061 Alternatively, in another embodiment, it is also pos 
sible that the sample order is directly received by the pre 
analytical unit. That means that the sample order can be 
directly entered on the pre-analytical unit, e.g. by loading 
sample tubes assorted by test parameters. In that case the 
decision unit must be able to handle unknown sample orders 
uploaded by the pre-analytical unit. 
0062 According to one embodiment, the system further 
comprises at least one post-analytical unit, configured to 
archive measured samples. The post-analytical unit is an 
equipment used to perform post-analytical functions in a 
respective laboratory, as for example archiving of samples. 
The equipment in one embodiment can be a robot system 
doing the required post-analytical steps. 
0063. It is also possible, that the post- and the pre-analyti 
cal units in one embodiment are consolidated within one 
common physical equipment. 
0064. The decision unit according to another embodiment 
provides one consolidating and standardized front end for all 
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pre-analytical, analytical and post-analytical units of the sys 
tem related to one or more existing host systems. Those host 
systems are relieved from real-time duties. 
0065. The system according to another embodiment pro 
vides one backbone to realize advanced sample workflows, 
thus increasing laboratory efficiency and delivering high 
quality results. The system allows to combine pre-analytical, 
analytical and post-analytical decisions with data manage 
ment functions as automatic result validation rules. This is, as 
already mentioned above, a pre-requisite for optimizing the 
complete laboratory process. 
0066. It is possible within a further embodiment of the 
system that the system can communicate with at least one host 
component via any standard host interface protocol. Such as 
via ASTM or HL7. Via such standard host interface protocols, 
and a standard function set, the system can be integrated fast, 
easy and with low risk within a specific laboratory environ 
ment. This reduces complexity and improves quality. 
0067. According to another embodiment of the system, 
the decision unit acts as a distributor unit, distributing the at 
least one sample to the at least one analytical unit according to 
distribution criteria, which have been configured by the deci 
sion unit itself executed in real-time, based on pre-analytical 
information from the at least one pre-analytical unit and/or on 
current analytical data which are optionally combined in real 
time with current result flags, other sample information, Such 
as sample quality, Sample Volume, sample turn around time, 
sample load balancing rules, previous sample results, etc. 
and/or patient related information Such as age, gender, loca 
tion information, requester/ward, patient demographic data, 
etc. Moreover, a current test or any other requested test can be 
commented, blocked, released or replaced, modified or 
extended, e.g. with comments or flags. Current analytical data 
means those data which can be derived from already per 
formed tests and corresponding test results. 
0068 Generally, it is possible that in one embodiment the 
system comprises a plurality of analytical units, enabling the 
system to runa plurality of tests. Those tests can be performed 
in parallel. Furthermore, those tests can differ from each 
other. That means that the number of tests to be made on the 
at least one sample can be run by different suitable analytical 
units, even in parallel, if necessary. 
0069. In a further possible embodiment of the system, the 
at least one pre-analytical unit is further configured to put the 
Sorted and/or aliquoted Sample into an appropriate target for 
transfer to the at least one analytical unit. 
0070. It is also possible in another embodiment, that the 
analytical unit is configured to receive open test requests 
either in query mode or in batch mode from the decision unit. 
0071. One of the major characteristics of the recursive 
workflow, which can be realized by the system according to 
one embodiment, is that any next action to be done with the at 
least one sample, is taken at one logical point. This logical 
point is realized by the decision unit which is typically located 
in a so-called sample distribution area of the laboratory. The 
action itself can be a sorting step, an aliquoting step, a com 
bined sorting and aliquoting step or an archive step. Any 
execution of a pre-analytical action is either automated by a 
robot system or semi-automated by a computer aided manual 
system. 
0072 The decision unit in one embodiment can encom 
pass or be connected with a rule engine. 
0073. The major steps of a recursive workflow, as it can be 
provided by an embodiment of the system according to the 
present disclosure, can be described as follows: 
0074 1. The at least one sample is arriving in a sample 
reception unit and transported manually or automatically to a 
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so-called sample distribution area, which includes the at least 
one pre-analytical unit and the decision unit. 
0075 2. In the at least one pre-analytical unit, the sample, 
which generally can be identified by a barcode, is scanned 
either on a manual scanner in case of a manual scan place, or 
by a scanner in a robot system. 
0076 3. The decision unit checks, if the sample-ID, indi 
cated by the barcode, is known. In case that the sample is 
known and there are still open requests, which can be derived 
from a sample order, which has been received by the system 
and stored accordingly in a database connected with the deci 
sion unit, the sample is distributed to an appropriate next 
target. The distribution criteria itself have been configured, as 
already indicated, in the decision unit. Pre-analytical infor 
mation and current analytical data can be considered in Such 
a decision process. Optionally, new tests or confirmation tests 
can be generated by the decision unit based on current test 
results, current result flags, previous sample results, any other 
patient related demographic information, such as gender, age, 
Zip-code, requester, etc. or the test just made or any other 
requested test can be commented, blocked, released, 
replaced, modified or extended, e.g. by comments or flags. 
0077. 4. The sample is then transported manually or auto 
matically on an appropriate tray or rack. The tray or rack is 
transported manually or automatically from the sample dis 
tribution area to a corresponding analytical unit, which is able 
to perform the required measurement. 
0078 5. The sample is put on the analytical unit. The 
analytical unit is receiving the open requests included in the 
sample order either in query or in batch mode from the deci 
sion unit. 
0079 6. Finally the test result from each test is uploaded to 
the decision unit. 
0080 7. The decision unit is updating the sample order by 
current test result information. Optionally, new tests or con 
firmation tests can be generated in real-time by the decision 
unit based oncurrent test results, current result flags, previous 
sample results, any other patient related demographic infor 
mation, Such as gender, age, Zip-code, requester, etc. or the 
test just made or any other requested test can be commented, 
blocked, released, replaced, modified or extended, e.g. by 
comments or flags. 
0081 8. The sample is either immediately processed on 
the analytical unit, in case the analytical unit has the capabili 
ties, or transported back to the pre-analytical unit. 
0082 9. The sample is scanned again and, in case that 
there are still open test requests, appropriately distributed to a 
further target. 
0083. 10. In case that there are no open test requests left, 
the completely measured sample can be archived by a post 
analytical unit. 
0084. Such a recursive workflow, which can be performed 
in one embodiment by means of a system according to the 
present disclosure and/or by means of a decision unit accord 
ing to the present disclosure, delivers a lot of advantages, 
Some of which are Summarized in the following. 
0085. The process is clear, since all sample distribution 
decisions are taken by the decision unit. The decision taken by 
the decision unit considers pre-analytical information as well 
as current analytical test results, if already available. Optional 
available sample information of patient related information 
can be considered. The recursive workflow realizes a combi 
nation of pre-analytical rule settings with analytical results, 
optionally combined with other sample and patient related 
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information which represent laboratory processes. The 
samples remain in the laboratory until all required actions 
have been done. Furthermore, the process to be executed is 
easy to learn for any laboratory worker due to a clear process 
structure. Moreover, a fully computer aided decision process 
and paperless working is decreasing the error rate and 
increasing the quality. 
I0086. The present disclosure in other embodiments further 
refers to a computer program product with a computer-read 
able medium and a computer program stored on the com 
puter-readable medium with a program code which is Suitable 
for carrying out a method according to an embodiment of the 
present disclosure when the computer program is run on a 
computer, Such as on a computer which is incorporated within 
a system according to an embodiment of the present disclo 
SUC. 

I0087. The present disclosure in still other embodiments 
also refers to a computer program with a program code which 
is suitable for carrying out a method according to an embodi 
ment of the disclosure when the computer program is run on 
a computer, such as on a computer which is incorporated 
within a system according to an embodiment of the present 
disclosure. 

What is claimed is: 
1. A system for managing information relating to requests 

for a number of tests to be made on at least one sample within 
a laboratory environment, the system comprising: 

at least one pre-analytical unit configured to Scan the at 
least one sample and to sort, aliquot and/or archive the at 
least one sample on request according to respective test 
requirements included within a respective sample order; 

at least one analytical unit configured to run at least one test 
of the number of tests on the appropriately sorted and/or 
aliquoted sample; and 

a decision unit enabling at least one host component to 
access the system and to Submit the sample order for the 
at least one sample, and acting as intermediary and coor 
dinator in communication between the at least one pre 
analytical unit and the at least one analytical unit Such 
that the number of tests is performed via a recursive 
workflow until a pre-given stopping criterion is fulfilled, 
the decision unit being further configured to collate 
gained test results appropriately with the sample and to 
give a respective report towards the at least one host 
component. 

2. The system according to claim 1, the system further 
comprising at least one post-analytical unit configured to 
archive measured samples as part of the workflow. 

3. The system according to claim 2, wherein the at least one 
post- and the at least one pre-analytical units are consolidated 
within one or more common physical equipment. 

4. The system according to claim 1, wherein the decision 
unit can communicate with the host component via any stan 
dard host interface protocol. 

5. The system according to claim 1, wherein the decision 
unit realizes a consolidating front end for all pre-analytical 
units and all analytical units of the system related to the at 
least one host component, thus relieving the host component 
from real-time duties. 

6. The system according to claim 1, wherein the decision 
unit acts as a distributor unit distributing the at least one 
sample to the at least one analytical unit according to distri 
bution criteria which have been configured by the decision 
unit itself and executed in real-time based on pre-analytical 
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information from the at least one pre-analytical unit and/or on 
current analytical data received from the at least one analyti 
cal unit optionally combined with other sample related infor 
mation. 

7. The system according to claim 1, wherein the decision 
unit is configured to optionally combine in real-time current 
analytical data with other sample related information. 

8. The system according to claim 1, wherein the at least one 
pre-analytical unit is a handheld Scanner providing semi 
automated function or a robot system doing the pre-analytical 
functions automatically. 

9. The system according to claim 1, the system comprising 
a plurality of analytical units enabling the system to run a 
plurality of tests. 

10. The system according to claim 1, wherein the at least 
one pre-analytical unit is further configured to put the Sorted 
and/or aliquoted Sample into an appropriate target for transfer 
to the at least one analytical unit. 

11. The system according to claim 1, wherein the analytical 
unit is configured to receive open test requests either in query 
mode or in batch mode from the decision unit. 

12. The system according to claim 1, the system further 
comprising at least one sample reception unit to receive the at 
least one sample. 

13. A decision unit for managing information in real-time 
relating to requests for a number of tests to be made on at least 
one sample in a system within a laboratory environment, the 
laboratory environment comprising at least one pre-analyti 
cal unit and at least one analytical unit, wherein the decision 
unit enables at least one host component to access the system 
and to Submit a sample order for the at least one sample, and 
acts as intermediary and coordinator in communication 
between the pre-analytical unit and the analytical unit Such 
that the number of tests is performed via a recursive workflow, 
coordinated by the decision unit until a pre-given stopping 
criterion is fulfilled, the decision unit being further configured 
to collate gained test results appropriately with the sample 
and to give a respective report towards the at least one host 
component. 

14. The decision unit according to claim 13, which can 
communicate with the host component via any standard host 
interface protocol. 

15. The decision unit according to claim 13, wherein the 
decision unit realizes a consolidating front end for all pre 
analytical units and all analytical units of the system related to 
the at least one host component, thus relieving the host com 
ponent from real-time duties. 

16. The decision unit according to claim 13, which acts as 
a distributor unit distributing the at least one sample to the at 
least one analytical unit according to distribution criteria 
which have been configured by the decision unit itself based 
on pre-analytical information from the at least one pre-ana 
lytical unit and/or on test results from tests of the number of 
tests which have already been performed by the at least one 
analytical unit optionally combined with other sample related 
information. 

17. The decision unit according to claim 13, the decision 
unit being further connected with a database for storing 
sample information, Sample test information, sample test 
request information, Sample context information and patient 
demographic information. 

18. The decision unit according to claim 17, wherein the 
database is an integral part of the decision unit. 
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19. The decision unit according to claim 13, wherein the 
decision unit is configured to optionally combine current 
analytical data with other sample related information. 

20. A method for managing information relating to 
requests for a number of tests to be made on at least one 
sample within a laboratory environment, the laboratory envi 
ronment comprising at least one pre-analytical unit, at least 
one analytical unit and a decision unit, the method compris 
ing: 

receiving the sample: 
transporting the sample to the at least one pre-analytical 

unit; 
identifying the sample and assigning the sample to a 

sample order, 
processing the sample according to the sample order by a 

dynamically adaptable coordinated interaction of the at 
least one pre-analytical unit and the at least one analyti 
cal unit; and 

giving a report about the processing to at least one host 
component, wherein the coordination between the at 
least one pre-analytical unit and the at least one analyti 
cal unit is managed by the decision unit acting as inter 
mediary and coordinator in communication between the 
respective units and the report is given by the decision 
unit acting as consolidating front end related to the at 
least one host component. 

21. The method according to claim 20, further comprising 
receiving the sample order comprising a sample-ID and the 
sample test requests with sampletest request information and 
sample related information from the at least one host compo 
nent. 

22. The method according to claim 20, further comprising 
performing a sample scan by the pre-analytical unit and send 
ing the sample scan to the decision unit. 

23. The method according to claim 20, wherein the pro 
cessing is performed via a recursive workflow. 

24. The method according to claim 23, wherein the recur 
sive workflow comprises: 

processing the sample order by the pre-analytical unit by 
Sorting and/or aliquoting the sample and putting the 
sample into an appropriate target; 

putting the sorted and/or aliquoted Sample on the analytical 
unit, depending on the sample order with sample test 
request information and sample related information, 
downloaded from the decision unit to the analytical unit, 
performing at least one appropriate test among the num 
ber of tests by the analytical unit; 

uploading the test results from the analytical unit to the 
decision unit; 

updating the sample order with respect to the uploaded test 
results at the decision unit; and 

repeating at least some of the steps until a pre-given stop 
ping criterion is fulfilled. 

25. The method according to claim 20, further comprising 
sorting the sample into an archive tray in case that the pre 
given stopping criterion is fulfilled. 

26. The method according to claim 20, wherein the report 
given towards the at least one host component comprises test 
results and/or a sample order status. 

27. The method according to claim 26, wherein the step of 
reporting a sample order status is performed periodically. 

28. The method according to claim 20 further comprising 
collating gained test results with the corresponding sample. 
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29. The method according to claim 20, wherein at least 
Some of the steps are executed automatically by means of a 
robot system. 

30. The method according to claim 21, wherein the sample 
ID is represented by a barcode. 

31. The method according to claim 20, wherein the sample 
order is downloaded to the at least one analytical unit either in 
batch mode or in query mode. 

32. The method according to claim 20, wherein a plurality 
of samples is to be tested. 

33. A computer-readable medium having stored thereon a 
computer program which, when executed by a computer sys 
tem, causes the computer system to perform a method for 
managing information relating to requests for a number of 
tests to be made on at least one sample within a laboratory 
environment, the method comprising: 

configuring at least one pre-analytical unit to scan the at 
least one sample and to sort, aliquot and/or archive the at 
least one sample on request according to respective test 
requirements included within a respective sample order; 

configuring at least one analytical unit to run at least one 
test of the number of tests on the appropriately sorted 
and/or aliquoted Sample; and 

configuring a decision unit to enable at least one host 
component to access the system and to Submit the 
sample order for the at least one sample, and to act as 
intermediary and coordinator in communication 
between the at least one pre-analytical unit and the at 
least one analytical unit such that the number of tests is 
performed via a recursive workflow until a pre-given 
stopping criterion is fulfilled, and configuring the deci 
sion unit further to collate gained test results appropri 
ately with the sample and to give a respective report 
towards the at least one host component. 

34. A computer-readable medium having stored thereon a 
computer program which, when executed by a computer sys 
tem, causes the computer system to perform a method for 
managing information relating to requests for a number of 
tests to be made on at least one sample within a laboratory 
environment, the method comprising: 

receiving and transporting a sample to at least one pre 
analytical unit; 
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identifying the sample and assigning the sample to a 
sample order, 

processing the sample according to the sample order by a 
dynamically adaptable coordinated interaction of the at 
least one pre-analytical unit and at least one analytical 
unit; and 

giving a report about the processing to at least one host 
component, wherein coordination between the at least 
one pre-analytical unit and the at least one analytical unit 
is managed by a decision unit acting as intermediary and 
coordinator in communication between the respective 
units and the report is given by the decision unit acting as 
consolidating front end related to the at least one host 
component. 

35. The computer readable medium according to claim 34, 
wherein the computer code, when executed by the computer 
system, further causes the computer system to perform the 
processing of the method according to a recursive workflow 
comprising: 

processing the sample order by the pre-analytical unit by 
Sorting and/or aliquoting the sample and putting the 
sample into an appropriate target; 

putting the Sorted and/or aliquoted Sample on the at least 
one analytical unit; 

depending on the sample order with sample test request 
information and sample related information, down 
loaded from the decision unit to the at least one analyti 
cal unit, performing at least one appropriate test among 
the number of tests by the at least one analytical unit; 

uploading the test results from the at least one analytical 
unit to the decision unit; 

updating the sample order with respect to the uploaded test 
results at the decision unit; and 

repeating at least some of the steps until a pre-given stop 
ping criterion is fulfilled. 

36. A computer program product comprising a computer 
usable medium according to claim 33. 

37. A computer program product comprising a computer 
usable medium according to claim 35. 
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