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Virtual sample library (VSL) is developed for accessing multi-dimensional data acquired from several 
measurements on a single combinatorial sample library. Management of such data is generally very 
hard because each data is stored independently in various format. The data is structuralized and 
standardized by VSL, which has a hierarchy structure whose top layer has the same geometry of 
the combinatorial sample library. Each data is stored into the VSL systematically according to their 
coordinates in the library, the name of the measurements, and the dimension of the data. Thus, VSL 
can provide any data for analysis and visualization by specifying their identifying information. 

An actual example is demonstrated for the case of one-dimensional combinatorial glass sample li
brary. Some tellurite glass libraries containing Er and F are annealed in a temperature-gradient fur
nace and the decay curves of 1.5p,m-fluorescence of Er3+ are recorded along the libraries in order to 
find annealing conditions for precipitation of Er-containing fluoride crystals. Their fluorescence spec
tra, fluorescence lifetime, state of precipitates as a function of annealing conditions (7 -dimensional 
data) are plotted in two figures through VSL. 
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1. INTRODUCTION 

Combinatorial teclmology brings about significant ad
vantages to our research activities provided we can af
ford to analyze large amount of data obtained. When 
we are to make several kinds of measurements on one 
combinatorially-integrated sample library, the obtained 
data become multi-dimensional and quite hard to deal 
with by ordinary spreadsheet programs. For example, 
suppose that we have a 2-dimensional(2D) sample array 
on which three kinds of meaSurements are performed, and 
each measurement gives us data in scalar, 2D, and 3D for
mat per pixel, respectively. This situation is illustrated in 
Fig. 1. Then we obtain 3D, 4D and 5D data from these 
measurements. 

Since the coordinates in the sample array are temporary 
parameters for us, they should be converted to appropriate 
physical quantities (e.g. composition, annealing temper
ature, etc ... ) according to the fabrication condition of the 
sample library.· Moreover, when we need to see the cor
relation between these measurements, we have to merge 
and re-compile the whole data so that the individual data 
measured at the same pixel are related. 

These time-consuming editing jobs would be reduced 
if we could treat the whole data in one format, in which 
each data is linked with the corresponding coordinate and 
physical quantity. This paper demonstrates that such a 
multi-dimensional data management is possible through 
"virtual sample library"(VSL), which is a data medium 
used in software programs for analysis and/or visualiza
tion. 
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Fig. 1: Illustration showing a situation of treating multi
dimensional data obtained from several measurements on 
a comhinatorially-integrated sample library (see text). 

2. WORKING HYParHESIS 

First of all, let us discuss what kind of format is fea
sible for us to store the whole multi-dimensional data 
and access any ·of them easily. Considering the coordi
nates in the library are common information among the 
data obtained from each measurement, it is reasonable to 
store the data under the individual coordinates hierarchi
cally. After specifying an arbitrary position in the library, 
we naturally notice what kind of measurements are per
formed there or what is the fabrication condition there. 
Finally, we can access data for the specified measurement 
or fabrication condition. 

One example of this hierarchy structure is visualized 
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as "pull-down menu" style in Fig. 2, where an ID sam
ple array is used as a model. In the bottom of the win
dow, a menu is located showing the coordinates in the li
brary, from 40 to 60. After the item of "41" is selected, a 
sub-menu appears showing what kinds of data are stored. 
Next, the item of "Fluorescence Spectrum" is chosen and 
another sub-menu is opened to show this consists of two 
items. Finally, by choosing "Wavelength" item, a series 
of wavelength values are shown at "Value" box just above 
the main menu. 

In this way, such a hierarchy structure can store the 
whole multi-dimensional data systematically and gives us 
an easy way to access individual data. Let us call this 
structure, "virtual sample library" (VSL), since the top of 
the hierarchy corresponds the shape of the sample library. 

The next thing we have to consider is how we con
struct this VSL and how we use it for data analysis and 
visualization. Although there are many ways to realize it, 
we decided to make it as an original software written by 
object-oriented script language, called Ruby[I, 2]. This 
is because object-oriented languages have abstract ex
pressive power essential for treating complicated data[3] 
and Ruby was developed for reducing the work of pro
grammers and allowing them concentrated on substantial 
matters[ I]. 

3. METHODS AND PROCEDURES 

For constructing VSL, a set of data is used which was 
collected from lD sample arrays of ErS+ -F-co-doped tel
lurite glass[4 ]. The samples of about 30 cm in length were 
prepared by sucking the glass melt into a pre-heated glass 
capillary in a vertical temperature-gradient furnace and 
were annealed in the furnace and/or quenched with dif
ferent conditions; (0) no annealing, (1) being annealed 
for 5min, and (2) another successive annealing at a differ
ent position in the furnace for Smin. Since the annealing 
temperature is a function of the height in the furnace, 1st 
and 2nd annealing temperatures for the sample (I) and (2) 
are calculated according to the temperature profile in the 
furnace. Appearance of these glass samples are judged by 
human eye, as "transparent", "white" or "opaque". Time
resolved fluorescence intensity of ErS+ ions ( l.Sp,m band, 
excitation: 977nm) were collected along the sample li
braries in every I mm. 

The collected data of about 400MB in size are con
verted to obtain positional dependence of heat treat
ment temperatures, appearance, fluorescence spectra (CW 

Fig. 2: An illustration showing hierarchy structure of vir
tual sample library (see text). 

Table 1: List of the 7-dimensional data used in this study 
(see text) .. Some of these are plotted in Fig. 3 and 4. 

# Data Fig. 3 Fig.4 
1 Position, xlmm I I 
2 1st annealing temp., TI/°C I I 
3 2nd annealing temp., T2;oc I 
4 Appearance of glass segment I 
5 Fluorescence lifetime, r/msec I 

Fluorescence spectra (CW component) 
6 Intensity (a.u.) I 
7 Wavelength, >Jnm I 

component), and lifetime of 1.533p,m fluorescence. Sum 
of their dimension is 7, which is listed in Table 1, and the 
total size of data file is about 2.7MB in text format. 

The VSL is composed of three parts; (a) the definition 
of the top of the hierarchy, (b) the procedure of loading 
experimental data and storing them under the top of the 
hierarchy, and (c) the routine for visualization. 

The first part corresponds to the definition of an array 
of data-containers whose configuration is the same as the 
actual sample libraries. In the second part, experimental 
data are extracted from the files and each of them iS linked 
with the corresponding data-container according to their 
coordinates in the sample library. After finishing these 
procedures, individual data can be accessed by tracing 
the tree structure; for example, the series of wavelength 
values in Fig. 2, which is pointed by the black arrow, is 
referred by the Ruby sentence displayed in the "Code" 
box, which is located at the second line in the window. 
The word "vl" at the beginning of the sentence means 
a variable corresponding to a VSL and being defined in 
advance by another Ruby sentence shown at the first line 
of the window, where three data files are specified in the 
parenthesis to construct the VSL. 

Visualization is performed by calling an optional 
graphics library, Ruby/PGPLOT[S]. 

4. RESULTS 

The appearance of the glass segments as a function of 
the position in the library and/or the annealing temper
atures are plotted in Fig. 3. The glass segments named 
A,..(n = 0, 1, 2) and B,(n = 0, 1) are located in the same 
positions in the three sample libraries, respectively. The 
annealing conditions for these segments are summarized 
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Fig. 3: Annealing condition of" the sample libraries and 
appearance of the annealed glass segments inside. (0) 
with no annealing treatment for re{erence. ( 1) with 1st 
annealing for 5min only. (2) with two successive heat 
treatments, each for 5min. Thick black line: completely 
transparent segment, thin black line: white, and medium 
gray line: opaque( see text). A, and Bn indicate specific 
glass segments. These notations are also used in Fig. 4. 

by the following. 

lst anneal 

(melt) 
for 5min 

-> 

1 Tt = 470 1 
Ao At 

1st anneal 
for 5min (melt) ~_::.::_:_::_:_:c::::...__, 

1 Tt = 550 1 
Bo B1 

2nd anneal 
for Smin 

(I) 
T2 = G50 1 

A2 

(2) 

As the heat treatment proceeded, crystallization oc
curred and the portion of transparent segments in the li
brary decreased. 

The remainder of the multi-dimensional data are shown 
in Fig. 4. Three contour charts in gray scale located at 
the top left are the positional dependence of fluorescence 
specu·a, whose sectional views at positions of A and B 
are shown at the bottom right in thick and broken line, re
spectively. While no positional dependence are observed 
for the libraries of (0) and (1 ), the glass segments around 
A2 shows· some spectral broadening. At the same time, 
an increase of fluorescence lifetime is observed at around 
A2 as shown at the top right of Fig. 4, where the black 
points conespond to the library (2) and the gray dots to 
the library (0) and (I). 

Consequently, the segment of A2 shows the highest flu
orescence lifetime. This is probably because Er:'+ ions 
moved from the oxide glass matrix to the precipitated 
fluorine-rich phase during the 2nd heat treatment[4 ]. This 
phenomenon does not occur if the lst heat treatment of 
4 70° C is omitted such as B 1 (see Eq. 2). 
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Fig. 4: Fluorescence spectra Id' Er:q and li/('time of' 
1.533nm .fluorescence plorred along the library or as a 
function 11{1he 1st annealing temperature, T1 (see texr). 
Excitation wavelength is 977nm. 

5. DISCUSSION 

In order to make the benefit of VSL clear, let us consider 
the process of making Fig. 3 and 4 without using VSL. 
The experimental data used here arc listed in Table I. 
The annealing temperatures (#2 and #3 in Table 1) arc 
functions of the position in the sample library (#I) and 
arc calculated from the temperature gradient of the fur
nace and the annealing position of the glass capillary in 
the fumacc. 

In general, the temperature gradient of the furnace is 
not linear. Therefore. the conversion from #I to #2 and/or 
#3 is not so simple. For this reason, the intervals of tick 
marks along the J;-axis in Fig. 3 and T1·axis in Fig. 4 arc 
not fixed and the shape of the library (2) plotted in Fig. 3 

is not straight. This means that this conversion is needed 
whenever we plot a graph in which both the :t-axis and 
Tt-axis are included. 

Without using VSL, Fig. 3 and 4 can be plotted only 
after merging #l-#4 data and #1, #2, #5--#7 data (secTa
ble I), respectively, which arc stored separately in ditl'cr
ent format. Moreover, the conversion of :r -+ T1 , T~ is 
needed every time we merge them. One of the advantages 
of VSL is to avoid this merging process, which is needed 
only once when the VSL is constructed. 

6. CONCLUSIONS 

Concept of virtual sample library (VSL) is proposed for 
managing multi-dimensional data obtained from several 
measurements on one combinatorially integrated sample 
library. VSL is a data medium for storing data hierarchi
cally and accessing data intuitively. It reduces the load of 
merging experimental data which arc separately stored in 
different formats. This is realized with the aid of abstract 
expressive power of object-oriented language. Plotting 7-
dimensional data in two figures is demonstrated. 
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