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Summary
/…/
Say this too:

… This method is independent of dimensional attributes – such as watermark bounding box high & width, distance between chainlines, density of laid lines – which should increase the search performances. …
1. Watermark quantities
In the long term, if all the coming databases are integrated, the “metabase” “Bernstein” should contain around 29.812 bull’s head (B.H.) watermarks, thus distributed:

	Database
	Bull’s head

	POL
	25.282

	WZMA
	1.646

	WILC

NIKI (*)
	798

?

	Briquet (**)
	1.390

	Heitz (**)
	421

	Mazzoldi (**)
	at least 143

	ICPL (**)
	132

	Total
	29.812


(*) This document will include statistics on NIKI’s database at a ulterior stage of research.
(**) Not yet online, in preparation by Haidinger & Ornato.
If Likatscheff, Sotheby and other repertories will be added in future, the total would be obviously higher, but it is clear that POL will be always the main source of the bull’s head watermarks.
.

2. Searching watermarks in three on-line databases: POL, WZMA, WILC
In three databases currently indexed and available on the Web, the watermarks are classed and can be browsed by “main groups” (the bottom class of a classification tree). Simple and “expert” search can also be operated by search engines whose over-simplification and inadequacy were already illustrated at the “kick-off” meeting in Villejuif.
— POL distinguishes 289 main groups: the smallest has a single watermark and the biggest 4919.

— WZMA distinguishes 78 main groups: the smallest has a single watermarks and the biggest 346.
— WILC distinguishes 20 main groups: the smallest has a single watermarks and biggest 304.
	Database
	groups
	Min.wm
	Max. wm

	POL
	289
	1
	4.919

	WZMA
	78
	1
	346

	WILC
	20
	1
	304


The main groups of each database are widely incompatible with those of the other databases: in other words, any “group by group” correspondence is rigorously impossible. To satisfy the purpose of Bernstein project, which implies a real integration of the existing databases, we have apparently the choice between two solutions: (1) we “forget” the main groups and build another type of classification, or (2) we maintain the existing structure and bypass it by creating 26.000 individual mappings from the NIKI, WILC & WZMA small databases to the larger POL (entailing that the POL classification is retained as master classification which is not without problems). Obviously, this second choice is an “impossible nonsense”: it would be an enormous mass of work… and the watermarks are rarely identical in the databases. It is clear that matching watermarks in different databases implies a new global classification based on recognizing a lot of homogeneous morphological groups. In fact we have no choice.

In any case, even if they were not incompatible, the current groups are not operational for historical research and don’t allow a targeted search for several important use cases, such as very similar watermark(s), partial watermarks or search by semantical subelements.

3. The “selective efficiency” of the three bases

The efficiency of browsing by main groups can be quantified for the three databases. I call “efficiency” the “splitting capability”, i.e. the possibility to select a sufficiently small number of similar watermarks to allow a quick display on the Web and its “assimilation” by the human intellect.

The average of “residual selection” of “browse by main groups” measures the global “splitting capability” of a database. This measure should be considered in relation to the size of a database, because these two parameters are correlated. The measure is nevertheless imperfect because, in a huge database, the surplus of watermarks would not be necessarily distributed on existing main groups; several new typologies would appear: the size of the database is also correlated with the number of main groups.

However, it is important to observe that residual selection should be limited in absolute value: thus, a residual selection of 200 watermarks could hardly be declared “efficient” in any case, especially when the result is “one watermark per one web browser window”: the first watermark is already forgotten when the fiftieth window is displayed. It does not matter, in this case, that the database contains 4.000 or 400.000 watermarks and the browsing efficiency is increased, consequently, from 1 to 100.

The coefficient of variation (standard deviation/average ratio of residual selection) measures the “regularity” of the selective capability. The higher its value is, the more there are chances that some main groups produce a very small residual selection and others an excessively huge one.

Selective power of the three databases

	Database
	Average %
	Coefficient of variation
	Average (absolute value)

	POL
	0,35%
	407%
	88

	WZMA
	1,28%
	236%
	21

	WILC
	5,00%
	184%
	40


It is clear that in relative terms POL obtains the best average and worst regularity, whereas, for WILC, the result is reversed. However, this result is much less satisfactory when we take into account the absolute values: the browsing main groups of POL produce, on average, a residual selection of 88 watermarks. It is much, the more so as there are 6 whose residual selection is > 1000, and one whose residual selection exceeds 4.900 watermarks.

Actually, the situation of POL — the largest database — is, from this point of view, very bad: if it is true that a residual selection > 200 watermarks (and this value is probably over-estimated) cannot be correctly managed on a computer screen by a user, it appears that the 10% of main groups whose residual selection exceeds 200 cover almost 20.000 watermarks, i.e. 77% of the total of the “bull’s head” motif (B.H.)! Thus, more ¾ of B.H. contained in POL is not exploitable when the search is made by main groups. The situation is not better for the “search by query” using the search engine, because it often leads to incoherent selections.

Since WZMA and WILC are much smaller than POL, their situation is better: there are 20% of watermarks not exploitable in WILC, and 38% in WZMA.  

On the other hand, if a residual selection < 50 can be estimated as « easily exploitable », we note that only 10% of POL B.H. belongs to this category; the percentage is higher for WZMA (33%), but it is relatively low for WILC (14%).

4. Methodological problems

However, what means, concretely, « exploitable »?

The answer depends, of course, of the user’s purpose. The main goal is frequently the dating of a graphic — handwritten or printed — document in paper; more rarely, the history of paper production and trade itself.

In the first case, one needs to find in the whole database all watermarks which could be identical or very closely similar to “this one watermark”, probably produced by the same paper mould.

In the second case, one needs to select groups of watermarks which are useful to purposes of the historical research and could be produced by the same “matrix”. “The same matrix” does not means necessarily “the same mould”, but rather “the same paper mill” or group of paper mills, the same mould maker, at the same time or in a close time range.

It is clear that in both cases the database must be “sifted”, but in the first case sifting will be much more severe, because the nugget to be sought is single or almost so. In both cases, also, research is exposed to risks:

The first order risk consists to introduce “strangers” into the selection.

The second order risk consists to discard the watermarks which should be retained.

For a better definition of the problems, it is necessary to introduce here the concept of “homostylistic group”. A “homostylistic group” is a ensemble of objects that a user would recognize easily and spontaneously as resulting from the same volition and/or the same know-how. It is this faculty which enables us to recognize works of Matisse or the cars belonging to the same model of the same mark, according to their shape.

If the criteria for the attribution of a work to Matisse are rather vague, it is not the same for cars: what makes it possible to gather immediately all the cars belonging to the same model, it is less the unicity of one morphological property (especially today, where the standardization is extremely thorough) than the coexistence in the same model of several morphological properties which are not found together in any other model, though each one of them can be found separately in many models.

Since the computer does not know what is the intuitive visual synthesis, it is necessary to learn him (or her?) how to simulate a synthesis by assembling many informations obtained by an analytical procedure of conceptual decomposition: each car is an instance of class “car”; class “car” has a lot of objects; each object is defined by his attributes; in each instance of the class, each attribute of each object assume a value. When all the values of all the attributes of all the objects of two instances of the class “car” are the same, the cars are identical for the machine.
However, since a model of car is recognized by the computer on the basis of an analytical description, it is necessary that the objects, attributes and values are correctly described to the computer by a human operator. Also, it is necessary that the model to be searched in database is correctly described by the searcher. In other words, the same model of car must be identically described by two independent human operators who work at different times.
However, we run into such practical limits that, according to the importance of the stakes, these can easily appear insuperable. So, in order to learn the computer what it is supposed to select, it seems impossible to supply it with an exhaustive list of each object, of all its own attributes and, for each of them, of all values. This exhaustiveness will be perfectly run by the machine, but not by a human, and not only for economical reasons. We have therefore to be satisfied with a minimalist option: i.e. to select a certain number of objects and attributes which seem to be a priori relevant (that is to say, "with a singularizing feature") and to reduce the values to a restricted number of fundamental "patterns". The whole set of provided objects, attributes and values will form the sieve's stitch. A too tight sieve (a poor list of objects, attributes and values) will lead the inclusion of car models different from the ones we are looking for, when a too large sieve will cause the exclusion of the searched car model or, at least, a worthless selection. Describing terms have to be fixed in a very subtle way for the probability of the coexistence of two different models in the selection should be as little as possible, without compromising the feasibility of the procedure and increasing the frequency of second order risk.
This type of selection allows to identify a car design and, thereafter, to redraw its own history. Applied to a watermark, it's then appropriate to all kind of historical research. However, it's not enough powerful for a heuristic research because, maintaining the same metaphor, we are searching not only the same car model, but also all the cars of that model which have come out from the same assembly line.
Let's say, at once, that this operation is conceivable for a car: actually, it's compound of several mechanical parts or of coachwork pieces, whose time rotation – in particular for "minor" parts – is very quick. But its application to a watermark is a difficult challenge, because this kind of object has less characterizing attributes than a car. As a car, of course, it is made up of countable objects (doors; petals), it has asymmetric features (wheel is on the right/left side; bow to right/to left), and also different "accessories" (electric windows, air-conditioned; cross, flower, etc.) which can assume different values (manual/automatic; latin/greek for a cross).
5. A real-size test

What happens when, in case of watermarks, browsing by "main groups" and simple search engines (i.e. researching a keyword in a unique field that contains higgledy-piggledy several types of information) is replaced by a system that works through a rational selection of objects/attributes/values?
There's one way to know it: that is, to apply this method to a corpus of watermarks. As it's out of question working on a too large corpus – that means to defer sine die the evaluation results – the test was done on 218 POL bull's heads, because this database has the highest variability in the morphology of this motif, besides supplying the biggest number of samples.

The POL B.H. correspond to the residual selection of two different groups: Ohne Gesichtsmerkmale/Ohne Beizeichen (85 watermarks, 82 of them reproduced) and  Ohne Gesichtsmerkmale/darüber Stange/darüber Schlaufen/Kreis (136 watermarks). They are the simplest expression of BH watermark, but this allows us directly to suppose that, when the watermarks are richer, results will be as good as these.
Actually, if the expression Ohne Gesichtsmerkmale is to be literally taken, the selected BH have to be devoid of each constituent element of a face, but the horns and the ears, i.e. those elements at one time necessary and sufficient to say that the representation is a BH (even if, sometimes, you may find some specimens classed as BH but without horns and/or ears!). As a matter of fact, you still become aware that the POL groups aren't completely foolproof: 5 watermarks of the first group have at least an eye, and 47 of the second have nostrils.  This second result is no astonishing at all, as far as if a group Mit Augen and a group Mit Auge und Naselöchern is provided, the group Ohne Augen mit Naselöchern – which could have been created – doesn't exist. There are certainly other examples of interference (cf. 64551, 64635, 64536, provided with eyes and nostrils but which are not listed in the correct group), but the census of them is far from the question which is tackled here.
In this small corpus, 31 groups of watermarks have been identified, which have a common aspect, i.e. that are homogeneous according to their style. Their identification is immediate: moreover, in his cards, Piccard gave a consecutive number to the watermarks belonging to the same group.
The size of groups is various: half of them are singletons (made up by a unique specimen), but two groups have respectively 42 and 86 watermarks. The table below shows the size distribution:
	Group size
	Number of groups

	1
	15

	2
	6

	5
	2

	6
	1

	7
	1

	8
	1

	9
	1

	10
	1

	12
	1

	42
	1

	86
	1

	total
	31


The main aim of the operation was, of course, to split up as much as possible the two big groups distinguished by POL and, when possible, to lead to the selection of just one watermark, identical to the one we have and which could be found in the corpus. For this reason, objects, attributes and values have been previously coded: the following list is limited to those which seem relevant for the test corpus (a rather complete analysis of the whole BH as already been made). It's needless to say that the name of attributes and values is entirely arbitrary and provisional, anyway, the procedure will be improved and optimized; so, for the moment, these data are given in French:
	attribut
	modalités

	présence d’un fil de chaînette central
	oui, non

	une partie du dessin touche (traverse) l’un et/ou l’autre fil adjacent
	gauche, droite, les deux

	rotation gauche/droite de la figure
	sans objet pour le corpus

	rotation haut/bas de la figure
	cornes : N, NW, NE

	forme générale de la tête
	extravagante, trapéziforme ou scutiforme, piriforme, violoniforme, ovaliforme

	extrémité inférieure de la tête (peut être disjointe en deux propriétés : forme et nombre de fentes) :
	plate, concave, convexe, plate+une fente, concave+une fente, concave+deux fentes

	yeux: nombre
	absent, 1, 2

	yeux :forme
	ronde, ovale

	yeux: position
	extérieur de la tête, internes et tangents aux bords, internes et éloignés du bord

	yeux: décalage vertical
	même niveau, gauche plus haut, droit plus haut


	entrecorne (ligne entre la base des cornes)
	plat, concave, convexe, en forme de fût, en V, comportant une protubérance trianguliforme

	cornes: forme générale
	protubérance, en U, en V, en forme de lyre, parallèles sans entrecorne

	cornes: degré d’ouverture
	parallèles, peu convergentes, convergentes, très convergentes, peu divergentes, divergentes, très divergentes

	cornes: pointes
	pointues, légèrement arrondies, arrondies

	cornes: décalage vertical
	même niveau, gauche plus haut, droit plus haut

	oreilles: nombre
	absent, 1, 2

	oreilles: forme générale
	protubérance, cunéiformes, digitiformes, losangiformes, circuliformes, en zig-zag

	oreilles: arrondi des angles
	anguleuses, arrondies

	oreilles: extrémité
	pointue, arrrondie

	oreilles: décalage vertical
	même niveau, gauche plus haut, droite plus haut

	nez: forme
	sans objet pour le corpus

	bout du nez : forme
	sans objet pour le corpus

	narines : nombre
	absent, 1, 2

	narines: forme
	non fermées, rondes

	narines: position à l’intérieur de la tête
	externes, internes, internes et tangentes au bords inférieurs, internes et tangentes aux bords latéraux, internes et tangentes aux deux bords

	narines: disposition réciproque
	éloignées, rapprochées, tangentes

	narines: décalage vertical
	même niveau, gauche plus haut, droite plus haut

	museau: forme
	sans objet pour le corpus

	langue: forme
	sans objet pour le corpus

	langue: position
	sans objet pour le corpus


A codification of accessory elements (Beizeichen, which exist in the POL's second group) has also been operated. The following values have been provided:

	nombre d’éléments (deux, trois étoiles … sans objet dans le corpus)

	nature de l’élément (cercle, crochet, boucle, fleur, croix …)

	typologie synthétique (croix latine, de Lorraine … sans objet dans le corpus)

	dénombrement éventuel des constituants (6 pétales, 8 rayons … … sans objet dans le corpus)

	disposition réciproque des constituants (3 étoiles en triangle 2-1 … sans objet dans le corpus)

	mode de représentation dans l’espace (monodimensionelle ou filiforme, bidimensionnelle, effet de relief ou perspective)

	propriété formelle 1 (dépend de la nature de l’élément ; son type est spécifié suivi de « : ». Exemple pour un fût : longueur :+)

	propriété formelle 2 (ut supra)

	rotation gauche/droite (avec repère de référence. Exemple pour une boucle : bout :E[st])

	rotation haut/bas (sans objet dans le corpus)

	position par rapport au motif principal (N, S, E, W et intermédiaires)

	étage ou rang dans la superposition d’éléments (0 = même niveau, 1, 2 …)

	distance par rapport au motif principal ou à l’élément de rang inférieur (entoure ou est entouré, traverse, touche, est extérieur)


The grey scale cells correspond to the attributes of quantity, location, orientation and relative positioning of elements. The other cells to the morphological attributes.

In fact, the test consisted in a simulation. All relevant objects, attributes and values of each watermark of the corpus have been codified. Afterwards, each watermark has been the object of a query (that means, actually, a new “blind” recoding that could have been even far from the previous codification in the base) aiming to select all watermarks sharing the selected values.
In this context, we consider as a “run” each search of a watermark; "perfect success" the selection of a unique watermark searched in the database; as a "success" the selection of the searched watermark and no more than 4 watermarks belonging to the same "homostylistic group"; "relatively successful"  the selection of a number of watermarks less than the size of the corresponding "homostylistic group"; "first-rate failure" the intrusion of "strangers", i. e. of any watermark belonging to another "homostylistic group"; "second-rate failure" the discard of the searched watermark. Anyway, "relatively successful" doesn't mean bad result: Piccard's cards can contain a lot of variants of the same watermark, that will be useless, even dangerous, to separate.

The test results are summed up in the table below:

	Selection size
	Theorical best selection size
	Real selection

	
	number of runs
	number of runs (%)
	number of runs (%)

	1
	128
	58,99%
	48,85%

	2
	37
	17,05%
	16,59%

	3
	23
	10,60%
	15,21%

	4
	16
	7,37%
	9,22%

	5
	6
	2,76%
	4,15%

	>5
	7
	3,23%
	5,99%

	Total
	217
	100,00%
	100,00%


The expression " Theorical best selection size " points out the separating power of the test in the best situation: when the query (i. e. recoding process), matches exactly the precodification of the searched watermark. Actually, it's another matter. Since the worst risk is the "second-rate failure" – the discard of the searched watermark  – the query must be "careful": in case of doubt between two values, the "ambiguous" attribute must be ignored: this involves a loss of precision.
Even in the "real test" situation, however, the frequency of "success" reaches 50% and the "relative success” is never  > 6%. There aren't "first-or second rate failures", but it's true that the test was made by an expert user.

In other respects, the following table shows that, whatever the conditions of the test, the separating power of the sieve is practically insensitive to the size of "homostylistic groups". Actually, it seems that efficiency depends above all on the number and variability of  watermark's constituent features:

	Homogeneous group size
	selection size average
	Selection size average (theoretical)

	1
	1,0
	1,0

	2
	1,4
	1,3

	4
	1,3
	1,3

	5
	2,4
	2,4

	6
	1,0
	1,0

	7
	1,3
	1,0

	8
	1,8
	1,8

	9
	3,2
	2,0

	10
	3,2
	2,5

	12
	3,9
	3,8

	42
	1,5
	1,3

	86
	3,0
	2,4


Ultimately, the test result is not the same for each watermark belonging to the same stylistic group (group 28, below), even if all selected watermarks belong to this group:
	POL number
	Selection size

	56465
	1

	56466
	2

	56467
	1

	56468
	1

	56469
	1

	56470
	1

	56471
	1

	56472
	1

	56473
	1

	56474
	1

	56475
	1

	56476
	1

	56477
	2

	56478
	1

	56479
	2

	56480
	1

	56481
	1

	56482
	1

	56483
	1

	56484
	1

	56485
	1

	56486
	1

	56487
	1

	56488
	1

	56489
	1

	56490
	2

	56491
	2

	56492
	1

	56493
	1

	56494
	1

	56495
	1

	56496
	1

	56497
	1

	56498
	4

	56499
	3

	56500
	1

	56501
	2

	56502
	1

	56503
	2

	56504
	1

	56505
	1

	56506
	1


This result is due to the more or less good "codability" of the watermarks. Actually, the most part of attributes concerning objects' morphological attributes aren't discrete, but they fall under a continuum in which it's necessary to define – less arbitrarily as possible – some classes whose boundaries are always "fuzzy". As it is impossible to increase more and more the set of attributes — that is to say, defining a lot of too complicated and constraining decision criteria — doubts will often come up: so, between "sharp-pointed horns" and  "rounded horns" there's a vast range of intermediary states (besides the fact in the same B.H.'s horns may be processed in a different manner). Therefore, in order to avoid the risk of a "second-rate failure" the attribute "horn tips" will be discarded and the query will be less powerful. Actually, the largest sizes of residual selections fit the watermarks whose observed values don't match clearly with predefined criteria.
The result of the test is very satisfactory, because it doesn't depend on the small size of the sample of watermarks included in analysis. Actually, the same watermark number couldn't be found in two different groups, and, on the other hand, each predefined group differs for at least one macroscopic property. So, it's certain that a request starting from a single watermark of our little corpus could lead to selections of a quite identical size if applied to the whole corpus of 26000 watermarks.
But be careful! This doesn't mean that the “splitting” power of the test will be the same when applied to other watermarks design or to other groups defined by POL for BH, because power is strictly related to the number of closed variants of the same watermark inserted by Piccard in his collection of watermarks (what can we do with a simple circle?).
According to the results, it seems that coding few attributes of some "objects" and of a relatively limited number of attributes has an elevated “splitting” power: a quite large group of watermarks defined in POL groups can actually be decomposed in very smaller groups (without, however, the intervention of dimensional attributes -  i.e. distance among chainlines, density of laid lines – which could also increase the performances of the method).
The possibility of isolating a limited number of watermarks increases the potentialities of a dating procedure based on "metrical distances" because, when there are few watermarks, you can ask the user to put himself landmarks on the images to be compared or, better, you can delegate the computer this task.
— 5.1 Recognizing homostylistic groups
Since the “splitting” capability of the test can be improved by addition of news attributes  (e.g.: interrelation between the watermark outline and the adjacent chainlines) without slow down, however, the predecodification and query process, you can be optimistic according to the possibility to obtain very reduced residual sizes and to maximize the efficiency of such a research which aims to isolate at a single or a very restricted number of closing similar watermarks.
In the same way, you can ask how it is possible to facilitate a historical research by isolating directly – thanks to an appropriate query – all watermarks (or, at least, largest part of them) which belong to the same homostylistic group.

It seems clear that a certain number of attributes are not useful in this respect: they were used, namely, by the mould maker just to differentiate watermarks sewed in two twin moulds. For this reason, indeed, the same attributes are precious when you have to search a single specimen in the base.
In our small corpus, we are allowed to isolate the two largest homostylistic groups: #28 and  #29 (these numbers have been done by me) which count, respectively, 42 and 86 watermarks:

	Object
	attribute
	Group # 28
	Groupe # 29

	Fil de chaînette central
	Présence
	Non
	Non

	Tête
	Forme générale
	Non Exploitable
	Trapéziforme Ou Scutiforme

	Tête
	Menton
	Non Exploitable
	Concave

	Yeux
	Toutes
	Absent
	Absent

	Cornes
	Forme
	En V
	Lyriforme

	Cornes
	Ouverture
	Très Divergentes
	Non Exploitable

	Oreilles
	Forme générale
	Non Exploitable
	Losangiformes

	Oreilles
	Extrémité
	Non Exploitable
	Pointue

	Nez
	Toutes
	Absent
	Absent

	Narines
	Forme
	Rondes
	Absent

	Narines
	Disposition réciproque
	Éloignées
	Absent

	Museau
	Toutes
	Absent
	Absent

	Langue
	Toutes
	Absent
	Absent


The grey scale cells represent the active selections that – inside the same POL's group – allow to isolate the two homostylistic groups. The value "absent" represent the potentially active selections which could allow to isolate both groups from the others in POL database where eyes, nose and nostrils are present. The value "non exploitable" points out that the values which correspond to the selected attribute can vary inside the group and so can't contribute to define it.
As you can see, the group Ohne Gesichtsmerkmale/darüber Stange/darüber Schlaufe/Kreis involves the existence of accessory elements which systematically differ between the two groups; these elements has been omitted.
Well, it was an intentional omission, because it is possible that a homostylistic group appears with or without or with different accessory elements. 
Furthermore, as far as each other main group in POL implies the presence of supplementary object (eyes, nose), you can be sure that the result wouldn't be changed if the test was made on all B.H. collected in POL. Unfortunately, this doesn't mean that you could have the same lucky result for each homostylistic group of the database. Actually, the parameters of "style" are here defined in a too rough way, i.e. based on a too little number of attributes; so, the probabilities of casual coincidence are no negligible. Therefore, it may be that the "stupid" solution – the manual identification of the homostylistic groups – would be finally useful.
— 5.2 Algorithms and interfaces

Once we have established the advantages – both to the flexibility side and to the performance one – of a watermarks codification by objects, attributes and values, we must now approach the actual aspect of the problem: the preparation of data and the organisation of user's interface. 

— 5.3 Conceptual preparation of supplementary data to be included in the metabase  
Whatever the user's goal is:
1. We first define a typological classification table of watermark motifs (based mostly on latest IPH classification but extended by addition of a great number of properties; and of which I've made a first attempt in an Excel sheet (*)) according to a certain number of "semantic" attributes (in relation with the nature – lato sensu – of the represented object). That allows us to work on a set of watermarks which have one or more semantic attributes in common.
 (*) http://www.bernstein.oeaw.ac.at/twiki/pub/Main/DataHarmonization/WM_classification_ Ornato_-_fr.xls

2. We check off and then define the attributes and the values related to the objects and situations which do exist whatever the watermark motif is: presence of a central chainline, asymmetry and rotation of figures, interrelation with the lateral chainlines. This operation is of course very fast.
3. For every watermark motif – starting from the most represented ones into the three databases – we make a rational decomposition which consists to select the set of objects which define the motif, the set of attributes of each object, the set of values of each attribute (e.g. for BH: horns; general shape, tips. General shape: bumps, in U, in V, harp-like;  direction: parallel, slightly divergent, divergent, very divergent, slightly converging, converging, very converging; Tips: pointed, lightly rounded, rounded). The number and the nature of attributes and values vary, of course, according to motifs morphology and their complexity.
4. We check off each accessory element that can be found in watermarks (bar, cross, flower, star, etc.), taking into consideration that it may appear in a lot of watermarks motifs.
5. For each accessory element checked, we make the same rational decomposition as before, taking into consideration that the most part of attributes and values are common to many elements (see previous table, grey scale cells).

— 5.4 Metabase codification

6. According to these preliminary analysis, we can codify – starting from the most representative motif – the watermarks set of the metabase itself. In order to limit the second-rate risk (i.e. discarding of the searched watermark) we will put a special quotation (as "uncodable") for all values whose interpretation is ambiguous. This quotation will act as a "wildcard", and will ever bypass the selection on the concerned attribute. The use of this wildcard minimizes the probability of mismatch between the value chosen by the user observing his watermark and the value previously retained in the codification of the same (or similar) watermark. Obviously, user can bypass the query for all attributes to which he won't be enough able to apply a value.
Then, we will codify as a "not equally processed" the cases where two or more elements of the same object (horns, ears, eyes...) has not been processed in the same way by the mould maker. 
This code is not a wildcard, because it allows us to differentiate these watermarks from those where the same object has on the contrary an uniform and duly specified treatment. This code is of course subject to the first-rate risk, because the “different processing” may be not exactly the same in all the watermarks. 
— 5.5 Interface structure

The following considerations concern just the "targeted search": i.e. when the user tries to minimize the number of selected watermarks.
A) Two tools have first to be available to the user for measuring purpose: a measurement grid superposable on the image as the one available in POL or Filigrana (however, it could be rotated), which is useful to verify if a part of the same object (horns, ears, eyes...) is higher or lower; a protractor to measure the angles: thus it will be possible to know if the watermark image is vertical or it has been “rotated”.
B) If the user has a digitized watermark, it is necessary to give him the possibility to 
display it permanently. Anyway, he must describe it and his description will be read by the computer as a query in the database. Thus, as the motif is identified, the software will load the information according to it (objects, attributes, values, criteria, help text, data, images and interface ad hoc).
C) At this point, we have to choose between two different procedures:

a) We display a gallery of "homostylistic groups", among which the user chooses the one corresponding to his case. The analysis is then made inside the selected type. This means the previous splitting of the database in several groups which have to be identified, isolated and classified in a logical presentation. This preliminary work could be necessary for historical researches but it seems not useful for a targeted search: a partial trial has actually allowed to isolate 80 different types only in the 9 first main groups of Ochsenkopf, on a total of 600 watermarks. This number will surely be large, so that the displaying of a gallery appears a priori problematic. It would be better to try another way.
D) The second query- procedure consists to display to the user the nominative and 
illustrated list of all the objects belonging to the motif. We can still imagine two 
different ways:

a) First, the user selects every object he finds in his watermark; so, only the 
corresponding query-pages will be displayed.
b) The software displays successively the query-pages for all objects in logical order and prompts the user for a choice. If the user selects the value "absent" for an object, the software will immediately display the query-pages concerning the next object.
E) Again, we have the choice between two different ways:

a) For each attribute of an object, the software displays a page with the list of 
choices and a sample of images; vertically, you'll have samples for different values; horizontally, a sample of variants which can be associated with the same value. So, the user can be sure that the variant he's observing exists in the precodification.

b) When the mouse approaches a displayed value, a pop-up with a sample of  

variants will appear.

F) The passage of the mouse on an attribute name will show an HELP pop-up: in it the user will find the criteria of choice among different values and how to evaluate them (by a graduated grid and, eventually, by a protractor). This feature can be replaced by an HELP button. In each page, however, there's an UNDO button that allows to come back to the top of the current attribute, an UP button to come back to the previous object, a TOP button to reinitialize the query procedure.
G) Every time a value is selected for an attribute, the software reacts: it performs the 
query and gives an answer to the user, i.e.:

a.)The display of the actual size of the selection (number of virtually selected watermarks). A special "warning" alerts the user when the size of the selection 
is null, that means that there's probably an error in the value choice.

b) The random display of six different watermarks belonging to the selection, 
which allows the user to verify he is not on a wrong way. When the size of the selection is <7 watermarks, they are systematically displayed.

c) A DISPLAY ALL button allows the display of all the selected watermarks 
when the size of the selection is <51.
I) The order of objects and attributes displayed to the user may be "stupid" (i.e. 
previously defined) or "smart". In this case, the software tries the quickest way to obtain the best result: after each user's choice, it searches the "most efficient" attribute
in the database (i.e.: the average size of virtual selections is the smallest) and displays it.
J) Actually, the user too can be “smart”: if he knows that his watermark has a rare value for an attribute, he may select it directly and bypass the rest all the procedure.
6. Convergence of multiple search methods

Vlad Atanasiu
The search method presented here is independent of dimensional attributes – such as watermark bounding box high & width, distance between chainlines, density of laid lines. It is expected that a combination of the semantical (this) search method and the shape analysis method should increase the search performances.

However the discriminant power of the shape analysis method as independent of a semantical classification was not estimated in tests. To take the “bull’s head” case, a search by their width and height would yield tens or hundreds of replies, so the performance would be low. One could also combine watermark features, laid lines density and chainlines distance and relative position. These informations are however not present in all files of the Bernstein databases and they have their own problems, such as missing watermarks rewoven on the sieve or ported from one sieve to another. But it could also be that the semantical method proves to be ‘quite’ good in specific cases. 
Depending on what the user wants to achieve, this means the following. (1) If the user wants to find a watermark in the databases similar to a reference that he supplies (dating use case), then there would be no – or much less – need to do a full semantical description of the 120.000 watermarks. (2) If however the user wants to get informations about a specific watermark motif (for historical research) or the reference watermark is incomplete (dating by partical watermarks), then the shape analysis method is not appropriated and technically not feasible today.
To sum up, the shape analysis search method seems adequate for specific usages and faster to implement, while the semantical method responds to a much greater array of use cases and has a higher reliability, although implying manual description work.
� Les termes « gauche » et « droite » correspondent à la position par rapport à l’observateur, et non à « ce qui se trouve à gauche ou à droite de la têye ».





