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Abstract

R
Recent advances in geo-spatial technologies, together with a steady decline in their cost, have inspired many spontaneous bottom-up municipal initiatives aimed at improving the flow and availability of information regarding many aspects of urban maintenance, management or planning.  Some communities have institutionalized top-down citywide urban information systems with limited results, due to many organizational and institutional factors.  Despite some encouraging progress, comprehensive urban information systems are still not commonplace and planners and decision makers still struggle to acquire the rich information that they need to conduct in-depth analyses and to make important decisions.

This paper presents a specific application of a plausible strategy that could set municipalities on a trajectory leading to what I term “city knowledge”.  The concept of City Knowledge, which is introduced elsewhere
, promotes the emergence of a self-sustaining system that leverages the dominant plan-demanded mode of data acquisition to gradually and inexpensively accumulate high-return data and to ensure sustainable, low-cost updates.   It produces plan-ready information, by exploiting the self-serving and opportunistic pursuit of instant return-on-investment by frontline offices.  Thanks to its emergent qualities, City Knowledge engenders unexpected plan-demanding situations, where the ability to conduct second-order analyses leads to deeper knowledge of our cities.

This paper presents a case study from Venice, Italy, where the concept of City Knowledge was first applied to the waterways that characterize the aquatic city.  One of the foundations of City Knowledge is described in detail, namely the creation of a “spatial information infrastructure” to use as a scaffolding for the gradual accrual of deeper and deeper layers of knowledge about the canals of Venice.  I retell the story of the Venice Inner Canals project as a way of introducing many of the essential elements of City Knowledge that were first identified in the course of these studies and later became permanent features of our modus operandi in other areas of research.  In particular, this chapter will describe our early efforts at a systematic standardization of the spatial reference frameworks along “reasonable” atomic elements (the so-called “canal segments”).  Even though most of our studies were “plan demanded” in the early years, the “scaffolding” that we created quickly became the source of “plan ready” knowledge that later was re-used for a variety of different purposes.

Our work received lots of recognition from the media.  In addition to the aforementioned book, we were also featured in numerous magazines, such as National Geographic
, the Smithsonian
, Wired
 and New Scientist
.  I was also personally featured as the main character of a National Geographic documentary entitled Venice: City under Siege
.

Most importantly, though, our success can really be measured by the impact that our projects have had and continue to have on the city of Venice, where many of our suggestions have been implemented and where much of our data are used daily to make the city function, from the canal dredging that Insula is performing, to the management of boat docks by the city’s public services department, from traffic modeling to sewage disposal.  City Knowledge is in fact working in Venice, albeit in embryonic form and through isolated cases that still lack overall coordination and integration.  Yet, the examples shown in this chapter will demonstrate that the dice has been cast and I think it’s only a matter of time before the first full-fledged City Knowledge system is developed in its entirety.
Recent advances in geo-spatial technologies, together with a steady decline in their cost, have inspired many spontaneous bottom-up municipal initiatives aimed at improving the flow and availability of information regarding many aspects of urban maintenance, management or planning.  Some communities have institutionalized top-down citywide urban information systems with limited results, due to many organizational and institutional factors.  Despite some encouraging progress, comprehensive urban information systems are still not commonplace and planners and decision makers still struggle to acquire the rich information that they need to conduct in-depth analyses and to make important decisions.

This paper presents a specific application of a plausible strategy that could set municipalities on a trajectory leading to what I term “city knowledge”.  The concept of City Knowledge, which is introduced elsewhere , promotes the emergence of a self-sustaining system that leverages the dominant plan-demanded mode of data acquisition to gradually and inexpensively accumulate high-return data and to ensure sustainable, low-cost updates.   It produces plan-ready information, by exploiting the self-serving and opportunistic pursuit of instant return-on-investment by frontline offices.  Thanks to its emergent qualities, City Knowledge engenders unexpected plan-demanding situations, where the ability to conduct second-order analyses leads to deeper knowledge of our cities.

This paper presents a case study from Venice, Italy, where the concept of City Knowledge was first applied to the waterways that characterize the aquatic city.  One of the foundations of City Knowledge is described in detail, namely the creation of a “spatial information infrastructure” to use as a scaffolding for the gradual accrual of deeper and deeper layers of knowledge about the canals of Venice.  I retell the story of the Venice Inner Canals project as a way of introducing many of the essential elements of City Knowledge that were first identified in the course of these studies and later became permanent features of our modus operandi in other areas of research.  In particular, this chapter will describe our early efforts at a systematic standardization of the spatial reference frameworks along “reasonable” atomic elements (the so-called “canal segments”).  Even though most of our studies were “plan demanded” in the early years, the “scaffolding” that we created quickly became the source of “plan ready” knowledge that later was re-used for a variety of different purposes.
The “VENICE INNER CANALS” PROJECT
T
a fateful suggestion

the first scientific study of the canals
[image: image2.emf]he canals of  Venice have been a defining feature of the city since Charlemagne’s son Pippin forced the Doge to relocate to the islands of the Rialto in AD 815.  When a Venetian scientist
 suggested that we study the hydrodynamics of the Venetian waterways in 1989, I thought that it would be an interesting project for my students which may provide some interesting information to contrast against past studies on the same subject.  A comparative study of the hydrodynamics of the inner canals could, for example, provide support for the hypothesis that the creation of the artificial Canale dei Petroli in the central lagoon had dramatically altered the flow of water in the city.  Such a study could also demonstrate how some canals became more stagnant after some adjoining canals had been filled-in and turned into rii terà.   When the first team of students began studying the Venice inner canals in the Dorsoduro section of town in the winter of 1990,
 we were looking forward to these before-and-after comparisons.  Generally, canals exhibit a bi-directional current,  flowing in one direction when the tide is coming in from the sea, and in the opposite direction once the tide retreats back out to sea.   Instead, our study showed that the four canals we monitored always flowed in the same direction, regardless of whether the overall tide was rising or falling, which was a rather unexpected result.  The most surprising discovery, however, was the fact that these thousand-year-old canals had never been scientifically studied before.  In their millenary history, nobody had ever bothered to do what these four twenty-year-olds from America had done in just a few weeks.  This was an amazing discovery that led to a decade of in-depth studies of the entire canal system, making the Venice Project Center the foremost repository of knowledge about the inner canals in the history of Venice.  What had started as a comparative study of water currents, soon turned into a thorough multi-year baseline survey of many different aspects of the target canals.
UNESCO

MURST

Our solo beginnings caught the attention of a local  official of the United Nations Educational Scientific and Cultural Organization (UNESCO) who enlisted me to write a major funding proposal to the Italian Ministry of University and Research in Science and Technology (MURST).  The resulting project, based on our initial studies, was officially named  the Venice Inner Canals project and it attracted over one million dollars in funding.  From 1992 to 2002, the Venice Project Center played a major role in carrying out the planned research, which can be perused on the web at www.unesco.ve.it.

Insula S.p.A.

[image: image3.emf]In 1997, the City of Venice, spurred in part by the UNESCO-MURST project, created a public-private company, named Insula S.p.A. to carry out urban maintenance activities, primarily on the inner canals.  In 1998, Insula and UNESCO entered into a cooperation agreement whereby all of the data collected by the UNESCO teams (including the WPI Venice Project Center teams) were transferred to the fledgling company to get the initial maintenance activities off the ground as rapidly as possible.  The cooperation gave Insula the jumpstart it needed to quickly begin canal dredging and repairs and also resulted in the publication of a joint UNESCO-Insula book entitled Venezia la Città dei Rii (Venice the city of canals)
 which I co-edited.
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In this chapter, I retell the story of the Venice Inner Canals project as a way of introducing many of the essential elements of City Knowledge that were first identified in the course of these studies and later became permanent features of our modus operandi in other areas of research.  In particular, this chapter will describe our early efforts at a systematic standardization of the spatial reference frameworks along “reasonable” atomic elements (the so-called “canal segments”).  Even though most of our studies were “plan demanded” in the early years, the “scaffolding” that we created quickly became the source of “plan ready” knowledge that later was re-used for a variety of different purposes.

Our work received lots of recognition from the media.  In addition to the aforementioned book, we were also featured in numerous magazines, such as National Geographic
, the Smithsonian
, Wired
 and New Scientist
.  I was also personally featured as the main character of a National Geographic documentary entitled Venice: City under Siege
.   
[image: image5.emf]Most importantly, though, our success can really be measured by the impact that our projects have had and continue to have on the city of Venice, where many of our suggestions have been implemented and where much of our data are used daily to make the city function, from the canal dredging that Insula is performing, to the management of boat docks by the city’s public services department, from traffic modeling to sewage disposal.  City Knowledge is in fact working in Venice, albeit in embryonic form and through isolated cases that still lack overall coordination and integration.  Yet, the examples shown in this chapter will demonstrate that the dice has been cast and I think it’s only a matter of time before the first full-fledged City Knowledge system is developed in its entirety.
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the moral of the story
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The last few paragraphs of each section, entitled Lessons Learnt (or some variation thereof), recap and distill the “lessons” that the section is meant to convey.  One of the overall lessons of this particular chapter is that there are immediate benefits to the systematic standardization of a city knowledge framework.   These instant advantages ought to be enough to justify the standardization effort by themselves.  Breaking up the canal network into small bite size chunks allowed us to reorganize these atoms into any  combination we needed when more advanced issues were tackled later in the research effort.  Here the moral is that if you just look at the “trees” you may lose track of the big picture, but seeing the urban environment as groups of objects or elements affords great freedom to recombine the atoms into any configuration, as long as there is an overarching scaffold to support  the organization of these pieces.  Once the framework is in place, the benefits extend far beyond the immediate.
The Canal Network
T
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double duty

he Venetian canal network performs a double duty for the City of Venice.  It is at the same time both a transportation and a sewage disposal network.  Boats ply the network to transport all manner of goods and people, as trucks and buses do in “normal” cities.  Everything that moves on wheels on the mainland moves on water in Venice.  Taxis are boats, as are buses, ambulances, police cruisers and fire engines.   The uniqueness of Venice is that the transportation grid never crosses the pedestrian routes at grade.  LeCorbusier (among others) considered this an ideal system for urban mobility.   Similarly, up until the late 1800’s, most people looked at the Venetian canals as the ideal sewage removal conduits.  Before the advent of modern sewer systems,
 large cities were infested by untreated sewage.  Human and animal
 excrements piled up along streets and in back lots until rains mercifully washed off the noxious refuse.  Not so in Venice, thanks to its canals.  Unfortunately though, to this day (2004) a majority of the residential sewage still ends up in the canals, to be flushed out to sea by the daily tides.   What was once a marvel in the eyes of XIX century visitors, has become an eyesore to contemporary travelers and a source of embarrassment and occasional discomfort to today’s Venetians.
lack of canal studies
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Given the importance of these dual roles, one would think that, over the centuries, Venetian authorities would have committed significant resources to the study of these bodies of water.  Surprisingly, such was not the case.   For example, the hydrodynamic behavior of the canals, which is of considerable importance in the dispersal of the sewage outflows and can also affect boat traffic
, was never really quantified until WPI students carried out their first measurements in the 1990’s.  The earliest record of a qualitative investigation dated back to 1900
 and the only limited quantitative campaign was carried out in 1966
.  In all, even counting studies of dubious scientific value and studies that were only vaguely referenced in the literature, as of 1990, only about nine publications existed about the topic of the hydrodynamics of the inner canals and none of these were truly scientific, systematic or representative of typical behavior.
lack of standard referencing
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Even when previous data existed, it was nearly impossible to compare them to what we were measuring, since the location of the past measurements was identified just by a canal name, without any specification of where, along its length, the measurement was taken.  This issue was non-trivial since traditional canal names often referred to waterways that didn’t change name through several intersections, just like many roads in American cities don’t change name every time a side street intersects with them.  Since water currents are affected by the flows of intersecting canals, not  knowing exactly where the measurement was taken vis à vis these intersections meant that there was no reliable way to make an apple-to-apple comparison with later measurements.

The problem was that, whereas we knew exactly where we took our measurements, the reference systems of past studies did not allow for the pinpointing of their measurement locations with the same level of accuracy, rendering such comparisons impossible.  In order to change this state of affairs and to make possible future comparisons with our data, we devised a system for the unequivocal identification of each tract of canal, through a process of segmentation.
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The next section explains how such a system was developed.
Representing the network

I
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n order to define the indivisible, fundamental components of the canal network that would make hydrodynamic comparisons feasible, the discriminant was the presence of an intersection.   The “atom” was defined as a tract of canal between two intersections and was labeled a “canal segment”.   This simple concept was complicated a tad by the fact that in Venice there exist several filled-in canals (called rii terà) that were turned into pedestrian streets.  In many cases, these rii terà maintain a subterranean conduit that is overlaid with pavement, thus preserving the hydrodynamic function of the former canals.   Therefore, for our segmentation, we had to also consider as intersections the points where rii terà joined regular canals.  In fact, since nobody had ever mapped out the canal network on a Geographical Information System (GIS), we were faced with the task of determining the shapes of the canal segments as we identified their boundary intersections.

canal segment
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Of course, we could have created “stick canals” or “stick segments” by simply representing the water network as one-dimensional centerlines, as is still frequently done in many GIS applications when dealing with roads
.  Back in 1990, working on Mapinfo® for DOS, lines were certainly more appealing than full two-dimensional shapes or regions to represent the canal segments.   However, the linear representation was deemed inadequate early on for a variety of reasons.  For example, it didn’t allow to tap into the geospatial dimensioning features of GIS, such as the ability to automatically determine surface areas which are needed to calculate water and sediment volumes.  Also, the arc representation of canals prevented the measurement of widths, which are crucial for canal navigation.  Conversely, shapes do not directly provide canal length information, which lines would provide instantly.  What aided our decision was the consideration that, once regions are defined, it would be somewhat easier to derive the respective centerlines than to transform lines into shapes in the opposite direction.  But, before we even began the creation of two-dimensional canal regions, we needed to first define the most fundamental units of space that gave shape to the canals, i.e. the islands.  Once we had defined the perimeters of all the islands, everything between these islands would belong to the canals layer
.
islands

In 1990, when we had started this project, G.I.S. maps were still treated as rare commodities and access to the few existing layers was essentially barred to anyone but a few insiders.  Thus, we began to make our own maps by tracing on a digitizing tablet the printed outlines of islands that were published in a marvelous publication that had just been issued at that time, called the Atlante di Venezia
.  A few years later, once we obtained electronic maps from the City, we repeated the process and produced a final “official” version of the layers for islands, rii terà, intersections, canals and canal segments, all of which have been adopted in day-to-day use by all departments of the City of Venice and also by Insula S.p.A. and other governmental and non-governmental organizations
.
rii terà

The other fundamental layer needed before segmentation could be applied to the whole network was an intersections layer, representing the [image: image16.jpg]


connections between two canal segments and also between a canal segment and a rio terà.  Thus the second layer that we developed was a rii terà layer.   This layer was extracted primarily from existing publications on the topic of rii terà
.   These former canals were classified as vaulted or filled, based on the available information, but both types were equally used  to determine valid intersections for the intersection layer.
intersections
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Once all of the 125 islands and the 50 rii terà had been defined, it was possible to identify and map out all of the intersections that bracketed all of the segments in the city.   Intersections could come in two flavors: one type of intersection occupies physical space and has a definite surface area; another type is a symbolic line that represents a potential location for an intersection, but does not physically  occupy space.  The latter are generally connections between real canals and filled-in rii terà, but can also represent junctions between small canals and very large ones like the Grand Canal.  “Real” intersections, which occupy physical space,  occur at intersections between segments and include tracts of water that do not belong to any of the intersecting segments, which were terminated flush with the end of the two islands that formed the sides of the segment.
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segments

canals

After all 307 intersections were identified and represented, we could define all of the 367 segments in the network.   By definition, each segment could only connect to exactly two intersections.  Concatenations of two or more segments could then be used to reconstruct as completely as possible the traditional canals that are still the “unit” that is understood and referred to in common parlance by today’s Venetians.  Even these traditional canals have been nonetheless “formalized” and must begin and end on an intersection, since they are “molecules” composed of the “atoms” of canal segments.  In all, we defined 182 neo-traditional canals with official names, and distinct beginnings and ends.
Lesson 1: atomize
The main lesson we learnt from trying to deal with an unstructured framework of traditional canal names was to divide the territory into the smallest units (or atoms) that made sense at that time.  The guiding principles in determining when to stop the breakdown were technical and logical.  First of all, we would only be able to keep track of elements that were adequately representable and measurable using current technology.  Moreover, we would only divide reality into units that “made sense” in terms of what our purposes were for the practical utilization of our territorial datasets
.  The units of analysis that we foresaw using for urban maintenance, management or planning dictated the units of measurement that we set up.
I guess the generalizable lesson is that one ought to make the units of measurement as small as technologically feasible and as big as practically appropriate in terms of transaction cost vs. analytical benefit.

standard reference system

canal codes

I

[image: image19.png]DIG



n order to make all references to these atomic segments uniquely distinguishable, each segment was assigned an alphanumeric code as the primary identifier.  Each of the 182 newly created canals was assigned a four-letter code representing the most significant letters of the prevailing name of the traditional canal whose course most closely approximates the course of the new concatenated one.   For example, the canal commonly known as Rio de San Salvador was assigned the code SALV.   Once canal codes were assigned, based on the prevailing traditional name, the latter became the “official” name of the canal and was permanently associated with that canal. 
canal names and aliases


Many Venetian canals however are known by more than one name, so an arbitrary decision had to be made about which name to assign to the canal as the official appellation.  To allow multiple names to be connected to a canal, we created an “alias” list in a database table, so that each canal code could be associated to a variable number of names.
segment codes
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Any segment that is part of this newly defined canal would subsequently be assigned a unique identifier according to the syntax XXXXnn, where XXXX is the code of the longer, neo-traditional canal that encompasses that segment, and “nn” is a two-digit consecutive numeric index that sequentially numbers the segments from north to south, starting at 1.  So, for instance, if a traditional canal is called Rio dei Scoacamini, the code for the neo-traditional canal that most closely approximates the course of that ancient waterway would be assigned a canal code of SCOA, and the two segments that make up the new canal would be labeled, from north to south, SCOA1 and SCOA2.  If a new canal was made up of only one segment, then such segment would not have a numeric suffix, thus the canal code and segment code would be identical, as in the case of the aforementioned SALV.  
island codes and names
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Islands had already been numbered, though not completely, by the City of Venice, so we adopted the existing enumeration, and numerically labeled the remaining islands.  In addition, being a fervent admirer of alpha codes, because of their inherently higher information content, I also insisted on a four-letter code for each island.   The four letters would represent the most significant letters of the most prominent landmark on that island, be it a church, a palace or even a famous street or square.  Thus, each island would have a dual link to outside data, through the pre-existing numeric code and through the new alpha code.  For example, the island where Saint Mark’s square is located is doubly labeled with the mnemonic character label MARC, as well as with the more compact, but less identifiable number 92. 
intersection codes
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In spite of my personal bias toward the more explicit character labels, intersections were simply numbered sequentially from northernmost to southernmost, according to the Y coordinate (latitude) of the centroid.  The increment was set at 5 units instead of 1 to allow for potential insertions of additional intersections in future years.  Thus, the northernmost intersection was numbered 5, the next one to the south 10, then 15, until the 309th intersection that became number 1,545
.  This north-to-south ordering implied that the two intersections that bracketed a specific segment would frequently have widely differing intersection numbers, but the northernmost node would always have a lower number than the southernmost one
.
rii terà codes
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Rii terà were not assigned text codes, but were simply numbered sequentially.   After their important initial role in the determination of the intersections to use for the segmentation of the network,  filled-in canals were not associated with specific datasets until a later date, when I wrote a small article on rii terà for the book on the canals that I co-authored in the year 2000
.   On that occasion, the date of the conversion of a canal to a pedestrian street and the government
 that commissioned the work were recorded and a preliminary analysis was conducted to determine what public administration was most culpable for these ante litteram “urban renewal” activities. 
legacy identifiers

Aside from the standard codes that uniquely identify each element, the fundamental layers discussed so far – namely the islands, rii terà, intersections, segments and canals – each had additional pieces of information that were permanently embedded into the structure of the layer.   First of all, individual objects in most layers are frequently associated with a number of additional reference codes and IDs that are part of the heritage that these objects carry with them.  Pre-existing IDs should always be included when possible
, to allow for some retroactive linking to legacy databases that may have been in use up to the present.
embedded permanent parameters
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My personal approach is to limit the amount of data embedded in the layer itself and instead keep all related data in separate external databases.  Nevertheless, a modicum of information is permanently affixed to each element in each layer, in addition to all of the necessary identifying codes and labels discussed above.  The permanent parameters that may be typically embedded within each element of a layer are:

· immutable physical features of the geographical object, such as its surface area or its perimeter
, and/or 
· topological aspects, such as codes of objects that are connected to the element in question, and/or

· categorical classifications, such as typologies (e.g. whether a rio terà is vaulted or not), and/or 
· information about the object’s creation history (such as what government filled-in the canal, to stay with the above example) or other metadata, where appropriate. 
The information attached to each object in a layer should be homogeneous and, to be truly useful, it should be as complete as possible across all objects in the layer.

The unique coding of each element of each of the fundamental layers had to be done manually, but once this was done, any piece of data subsequently collected on any aspect or phenomenon related to any of these objects could be automatically linked to its location in space, thanks to these spatial units of reference.   This spatial framework made it possible for all of the data collected in later years by dozens of WPI teams to be forever referenceable and hence re-usable ad infinitum, as will be shown in detail in later chapters.  Once defined and labeled, a typical segment (like the aforementioned SCOA1), could very easily be linked at any later time to additional information such as: physical dimensions, boat traffic counts, hydrodynamic current velocities, the extent of canal wall damage, the quality of the water, estimates of sewage discharge and many other pieces of city knowledge.  This is exactly what we did in the rest of the 1990’s.
reusability


The next several sections describe in some detail many of the varied pieces of knowledge that we collected following the creation of the reference system, showing how we were able to  instantly link several datasets to the corresponding segments via the aforementioned standard codes.
Lesson 2: codify

Alongside the atomization of the spatial objects that compose the city, it is important to assign unique codes to each of these atoms, in order to make further references possible.  Once each object has a clear nametag, many disparate sets of attributes can be connected to it by a variety of different organizations or individuals to suit different needs.  This simple concept, which has been around for years in the Relational DataBase Management System (RDBMS) community, is not often applied wholesale to all mappable objects that make up the municipal territory.
Later on, in Part IV, I suggest ways in which these identifiers can be assigned uniquely and reliably by specific public agencies who have jurisdiction over the “birth” and “death” of these physical objects in reality.
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�   Carrera, F., 2004.  City Knowledge:  An emergent information infrastructure for sustainable urban maintenance, management and planning. Ph.D. Thesis.  Cambridge: Massachusetts Institute of Technology.


�   National Geographic magazine, August 1999.


�   Smithsonian magazine, September 2002.


�   Wired magazine, August 2003.


�   New Scientist, September 2003.


�   National Geographic Video, “City Under Siege”, series: Out There, aired worldwide 2002-2004.


�   The man’s name is Gianpietro Zucchetta, a Venetian chemist who at the time was working with the National Council of Research in Venice, and who had just published a book entitled I Rii di Venezia.


�   Ciacciarelli et al., 1990.


�   The synthetic reports in English and the web site design were part of the final contract that the author had with UNESCO.  The web site may have been relocated since this writing, but my personal web site should redirect an interest reader to the new site (see � HYPERLINK "http://www.wpi.edu/~carrera" ��www.wpi.edu/~carrera�).


�   Caniato et al., 1999.


�   National Geographic magazine, August 1999.


�   Smithsonian magazine, September 2002.


�   Wired magazine, August 2003.


�   New Scientist, September 2003.


�   National Geographic Video, “City Under Siege”, series: Out There, aired worldwide 2002-2004.


�   Ancient Rome had the “cloacae”, so sewers are not really a modern invention.


�   Let’s not forget that horses and mules  were the primary means of cargo transportation, which compounded the problem.  Cf. for example, Rodolphe el-Khoury, “Polish and Deodorize: Paving the City in Eighteen Century France”.


�   Especially when oars were the only means of propulsion.


�   Paluello,1900.


�   Dorigo, L., 1966.


�   For example, the Census Bureau’s Tiger Files are just simple line arcs.


�   Using a similar approach with regular city blocks may be a good way to define road shapes in “regular” cities, since blocks are probably fairly stable features in urban settings.


�   Atlante di Venezia.  1990.


�  Personally, I feel that the naming and coding of canals and canal segments is one of the most rewarding and lasting consequences of my work.


�   Zucchetta, Gianpietro.  1992.  Un’altra Venezia.


�   See Evan’s (1997) discussion of river reaches for more on this subject.


�   Since the original numbering, two intersections have been deleted, bringing the total from 309 to 307 and creating two 10-unit gaps in the sequence at number 400 (395-405) and 1,515 (1510-1520).  Despite the deletions, the north-to-south sequencing remains intact and proves the resilience of the method adopted.


�   This built-in feature proved really useful at a later date,  when Insula S.p.A. requested that we include, inside the segment layer, the codes of the north and south nodes attached to each segment.


�   Caniato, Carrera, Giannotti and Pypaert, 2000, Venezia la Città dei Rii.  Cierre ed., pp. 216-221.


�   Namely the French empire, the Italian Kingdom, the Austrian empire or the Venetian republic itself.  Some projects were combined Venice+Austria efforts, since they were started before the fall of the republic and completed by the Austrians.


�   One must always be very cautious with existing IDs to ensure that the old and new objects are exactly the same or sufficiently comparable for the purposes for which they are used.


�   Even though any GIS system could easily extract these features from the geometry, it is usually convenient to have these parameters ready without additional effort, especially if they are to be used frequently.
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