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Abstract  
In recent years, the use of Geographic Information Systems (GIS) has been increased in ISTAT: 

an important step, in the building of a geographic infrastructure data system useful for geospatial 

analysis, has been the georeferencing of the Business Register and the geocoding process of the 

census data. 

In the framework of the 9th Industry and services census, which had been conducted by the 

Italian Institute of Statistics in 2012 and had collected information about Italian enterprises, non-

profit institutions and public institutions, an activity of geo-codification of the addresses (amounting 

to about 5,000,000, of subjects involved) had been conducted. 

In particular, the census enumeration areas were assigned to these addresses, using two kinds of 

sources: the institutional databases for addresses normalization, which assign the geographic 

coordinates and the census enumeration area for a recognized address, and another archive, still in 

development and always updated, which refers to addresses collected during the 2011 Population 

Census. This sources have been integrated with GIS packages. 

This activity allowed to analyze the territorial distribution of industries and services and to 

update the Census enumeration areas and their characteristics. 

1. Introduction 
The use of the Geographic Information Systems (GIS) has grown considerably over the past 15 

years. The development of GIS has made possible the introduction of a geospatial dimension in 

most of the statistical systems. 

The geospatial dimension allows to have a better insight and understanding of socio-economic 

aspects through the specification of spatial models describing population/enterprises characteristics 

and behavior in the space and over-time. 

The geospatial data provide important information needed for the integration of heterogeneous 

sources and data types. Using geo-references as a pivot for each data item, each data source 

carrying geospatial information can be easily linked together.  
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The data integration functions provided by geographic information systems, which allow the linking 

of information from many different subject areas, have led to a much wider use of statistical 

information.  

The integrated geospatial system allows to improve the data processing like record linkage, address 

coding, editing and imputation. The first two are an integral part of the geographical tools. Editing 

and imputation are helped by the graphic presentation and by the spatial context of data-analysis. 

The visual presentation simplifies the identification of missing or erroneous data, and spatial 

analysis improves imputation and hence, data quality (for example, nearest neighbor imputation in 

space can be more accurate). 

One more benefit of the geospatial information is given by the availability of statistical 

territorial division that can be used as sampling and estimation units. The availability of spatial 

information can be used to identify spatially homogeneous area cells necessary to design more 

efficient and sophisticated sampling strategy of individual records or area-cells. Moreover, 

territorial divisions can be useful also for the organization of the fieldwork operations.  

The geospatial infrastructure and the linked information improve the quality and diversity of the 

statistical products. The dataset is richer and therefore opens new options for qualitative map 

production, modeling and analysis. 

2. The 9th Industry and services census: characteristics 
Every ten years, the Industry and services census describes the characteristics of the economic 

system by area and micro-area. The 9thIndustry and services census has been conducted in 2012, 

with 31 December 2011 as the reference date.  

The 2011 Industry and Services Census is for the first time a “virtual” census, since only data 

from the Business Register were used, integrated with new administrative sources. It was a complex 

and detailed census, characterized by extensive use of administrative sources and the 

implementation of different surveys:  

 the sample survey on business; 

 survey of non-profit institutions;  

 survey of public institutions;  

The census has been characterized by the introduction of significant innovations. These 

innovations have been the basis for the realization of the next permanent economic census, which 

will provide census data over short periods. 

The main strategic innovations were:  

 extensive use of administrative data for:  

o the preparation of the pre-census lists;  

o control and correction of the information collected;  

o the creation of a virtual census on enterprises through the information available in 

the Statistical Business Register.  

The goals achieved through the use of administrative data were the timeliness in the 

release of the results, the reduction of the statistical burden on respondents, the 

improvement the quality of the data produced. The use of administrative data also allows 

to start the transition to permanent censuses for all types of economic units. The census 

results have improved the methodological and statistical processes that lead to the 



3 
 

creation of statistical registers of economic units, which form the basis of the new 

methodological system of post-census survey on economic units; 

 wide innovation in terms of information content. The census has analysed new issues, 

through the implementation of specific surveys with different questionnaires that allowed 

specific analysis of the three sectors; 

 

Enterprises have been characterized by important innovations: the traditional census survey 

conducted in the field has been exceeded, and a "virtual census" has been realized through the 

integrated use of several administrative sources. The structural data (eg legal, economic activity, 

employment, local units, location) have been obtained from the Statistical Business Register (Asia). 

This allowed to obtain a statistical information on the structure of enterprises and local units at the 

municipality level and to ensure the compatibility of the previous census of 2001. 

On the occasion of the Census, the Business Register production process has been re-engineered 

thanks to the acquisition and introduction of new administrative sources. The availability of a such 

detailed sources allowed the development of new methodologies for the estimation and extension of 

a set of information. The main innovative elements introduced regard the improvement in the 

methodology for the estimation of internal employees – persons employed, split in employees and 

self-employed – and the introduction of the external component of employment, for the first time 

measured in the Register, which includes outworkers and temporary workers. These set of new 

information, together with the demographic and employment characteristics of workers, establish 

the basis of a new information system on employment that has the characteristics of a Linked 

Employer Employee Database (LEED ). Such innovations will be replicated on an annual basis and 

will determine the so-called permanent census.  

To complete the information on the enterprises, two direct sample surveys have been developed: 

a survey on local units of large enterprises (IULGI), multipurpose survey on enterprises. This 

approach has allowed to capture important information about the Italian economic system, only 

partially detectable on the basis of other structural business surveys. 

IULGI is carried out annually to update the Business Register of local units (Asia UL). In 2011, 

IULGI has been expanded to improve the quality control of the statistical register Asia UL. The 

survey was conducted on a sample of about 40,000. 

The multipurpose survey on enterprises was made for the first time. The survey of businesses 

was based on a mixed survey technique, comprising a sample survey of small- and medium-sized 

businesses (with fewer than 20 employees) and a census coverage survey of large enterprises (with 

20 or more employees). It involved a sample of about 260,000 businesses. The enterprises were 

given a questionnaire containing qualitative questions, concerning to competitiveness and 

innovation, human resources, relations between enterprises, financial management and ownership 

and control. 

The 2011 Census of the Nonprofit Institutions has gathered data on both the nonprofit 

institutions and their local units. The 2011 Census involves 474,765 nonprofit institutions within the 

pre-census list created by the National Institute of Statistics to integrate administrative archives and 

statistical sources. 

The survey has analysed several characteristics of the nonprofit sector, particularly focused on 

NPIs organizational structure, sector of activities and provided services, networking, human and 

economic resources , type of users, communication tools and fundraising methods. 
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The 2011 Census of the Public Institutions has gathered data on both the public institutions and 

their local units. Around 13,000 public institutions are involved in the survey, within the pre-census 

list created by National Institute of Statistics to integrate administrative archives and relevant 

statistical sources. The survey on the public institutions has acquired both traditional information on 

the public sector and innovative data on the modernization of public administration, such as 

sustainable governance, ICT, the characteristics and type of services provided on the territory.  

 

Table 1 – Enterprises, Public Institutions and Nonprofit Institutions, (year 2011) 

    

Enterprises 
Public 

Institutions  

Nonprofit 

Institutions  
Total 

Economic units 
N.     4,425,950               12,183         301,191       4,739,324  

% 93.4 0.3 6.4 100.0 

Local Units 
N.     4,806,014             109,358         347,602       5,262,974  

% 91.3 2.1 6.6 100.0 

 

3. Sources and methods used for geocoding of census data  
Several sources have been used to associate the census enumeration areas to census data. The 

main system adopted by ISTAT is "Egon - Data quality". Egon is a Web application that can 

handle a system of spatial data and allows to normalize and to geocode data. 

Egon allows: 

 Address validation and data standardization. The validation process involves the analysis 

and the corrections of all the inaccuracies and inconsistencies in an address or group of 

addresses. The aim is to reduce each single address into a form that can be clearly identified 

from the IT system. A complex set of rules have been developed for analysis and validation, 

such as removal of blank spaces and other special characters between the input words and 

parsing of all the elements, which are related to the thesaurus tables used to achieve the 

normalized output. The output file should have, in the best case scenario, for all the records 

of the input files, recognized and standardized addresses.  The records that were not properly 

normalized are returned on a separate file in which is underlined the type of error found 

during the normalization process so that it is possible to recover manually some of the 

errors. 

 Geocoding and georeferencing. The geographic coding consist into the assignment of two 

different spatial coordinate: one related to the census enumeration areas centroid and the 

other related to the specific addresses. The assignment of (X,Y) coordinates to the 

normalized addresses is carried on through the use of an algorithm that performs a street 

network data model, in which the addresses are placed along a street segment, based on the 

interpolation of the location of the street number within an address range. For addresses that 

have not been able to correct and for blank records, the assigned coordinates are the 

coordinates of the centroid of the municipality in which the unit is located.  

 

Another source used to geocode is the National Archive of urban street number (ANNCSU), 

created and updated by ISTAT and by the Revenue Agency. ANNCSU is an archive that contains 
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coded information on the urban street number for all country. ANNCSU aims to meet the need 

strongly felt by public administrations and corporations to have national register that contains 

certified information on street names and house numbers, to be used as a reference in all process in 

which the address element is used. 

The realization of ANNCSU is the result of a project between ISTAT and Revenue Agency 

started from 2010. In 2010, ISTAT and Revenue Agency signed an agreement for the realization of 

a House and street names’ national register (ANSC). First ANSC, which contains the street names’ 

register of all the Italian municipalities, was initially carried out on the basis of the toponyms 

contained in the addresses of the housing units in the cadastral database, integrated with external 

sources in the market. 

On the occasion of the activities for the "15th census of population and housing", 7.585 

municipalities (not provincial capital with a population of less than 20,000 inhabitants), have been 

involved in the activity of certification to complete and certify all the roads present ANSC .The 

remaining 509 municipalities (provincial capitals or with populations over 20,000 inhabitants), have 

been involved in a direct survey, called "Survey on house numbers (RNC)", carried out by Istat. 

Once the census was completed, Istat carried out the analysis and the intersection of the 

toponymic data, contained in the following archives, provided by the municipalities or used during 

the 15
th

 population census, in order to detect any misalignment and asked to municipalities to 

integrated and validate the data.  

 

Figure 1 – Sources used for the realization of a National Archive of urban street number 
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Figure 2 – Phases for the realization of a National Archive of urban street number 
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GIS (Geographic Information System) is an information system that allows the acquisition, 

recording, analysis, visualization, and the return of information from geographic data. It is a 

computer system able to produce, manage and analyze spatial data by associating geographic 

elements to one or more information. Through the GIS, the user is able to view and overlay 

different thematic maps of a given area: satellite photos, maps, contours, administrative limits.  

4. Census enumeration areas 
The updating of the Census Mapping and the definition of census enumeration areas have been 

some of the preparatory activities of the 2010/2011 census and the result of the project Census2010. 

The updating was carried out by the municipalities using the power of the web. With the project 

Census2010 municipalities were able, for the first time, change the geometry of the polygons of its 

territory by intervening directly on digital data through a simple freeware drawing program.  

The census enumeration area has been assigned to each unit (farm, family, home, enterprise or 

institution) detected by the three censuses 2010/2011, even with assignment methods and 

procedures differentiated, according to the characteristics of various units and the different 

information available. 

 

The whole country has been divided into census enumeration areas, minimum unit of detection 

of the municipality. The different aggregations of the census enumerations areas identify several 

partitions and zoning of the Italian territory: 

- census enumeration areas (402,678 EA);  

- sub-municipality area (municipalities, districts, etc.) (883 ASC);  

- localities (75,780); 

- municipalities (8,092). 
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Figure 3 – Example: division by enumeration areas, localities and ASC for the whole 

municipality of “Gravina di Catania” 

 
The census enumeration areas cover the total Italian territory, including special areas consist of 

special geomorphological entities such as maritime and lake islands, lakes, mountains uninhabited, 

and so on. A lake, for example, can be split into many enumeration areas as there are municipalities 

that overlook it. In these enumeration areas, of course, there are neither population nor enterprises 

and institutions. 

The municipality, in addition to being divided into enumeration areas, it is also divided into 

localities; each enumeration area is placed in the inside of a locality. There are two types of 

localities: inhabited localities and productive areas. The inhabited localities in turn are divided into 

urban centers, urban nucleuses and extra-urban areas.  

The distribution of enumeration areas in different typology of localities is shown in Table 2: 
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Table 2 – Enumeration areas and localities by typology of locality 

 

Typology of locality 
Number 

of enumeration areas 

Number 

 of localities 

Urban center 271,629 21,715 

Urban nucleus 40,220 35,903 

Productive area 3,402 2,830 

Extra-urban area 87,427 15,332 

Total 402,678 75,780 

 

As shown in the table 2, in localities of typology "urban center", there are, on average, 13 

enumeration areas. A city center is divided into several and not extensive census enumeration areas, 

sometimes consist of a single building in big cities. In particular, the historical centers are divided 

into many enumeration areas for greater control of the territory but not necessarily are defined 

within these more localities. 

In the other typology of localities are present, on average, a smaller number of enumeration 

areas; in fact, for every urban nucleus and productive area corresponds, on average, an enumeration 

area (thus the territorial boundaries of cities and enumeration areas tend to coincide), while for the 

extra-urban areas the proportion becomes 5 enumeration areas for each locality of this type. In each 

municipality there are, on average, 3 urban center, 4 urban nucleuses and 2 extra-urban areas. 

5. Geocoding of census data 
The census enumeration areas have been assigned to about 5 million of addresses (Table 3): 

 

Table 3 – Number of local units by type of legal-economic unit 

Type of unit Number of local units 

Non-profit institutions 347,602 

Public institutions 109,358 

Enterprises 4,806,014 

Total  5,262,974 

 

The assignment procedure was detailed and complex and developed in hierarchical and 

consequential steps. 

 

The assignment of the enumeration areas through the use of Egon-data quality 

The first step has been the addresses’ normalization of the local units of enterprises, public and 

non-profit institutions. The software used was "Egon-data quality", which allows to geocode the 

addresses, providing the normalized form, enumeration area and geographical coordinates. With 

this first step the 2001 enumeration areas and geographic coordinates have been obtained. For 

having the 2011 census enumeration areas, a transcoding table has been used.  

The geocoding operation, through "Egon-data quality", has been carried out for all the 

addresses present into the Business Register (ASIA) and for all the addresses of public and non-

profit institutions coming from census results.   
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Table 4 shows that about the 86% of the addresses of locals units of the enterprises have been 

assigned to census enumeration areas (78% for the public institutions, 81% for non-profit 

institutions). The percentage of the not-assigned enumeration areas can depend on the several 

factors, including the accuracy, the updating of the reference database and the completeness of 

addresses. 

Table 4 reports, also, some quality indicators related to this process carried out for the year 

2011. The number of the perfect matches is high for each type of economic unit: for enterprises, 

83% have a high quality since the addresses have been associated with the punctual coordinates of 

TeleAtlas (76% for the public institutions, 79% for non-profit institutions), 3% have a medium 

quality since each address has the coordinates of the centroid of postal code or census enumeration 

areas (2,3%  for the public institutions, 2,2% for non-profit institutions)  and 14% have a low 

quality since the addresses have the coordinates of the centroid of the municipality (21,6%  for the 

public institutions, 18,1% for non-profit institutions)  .  

 

Table 4 - Number of local units by presence of census enumeration areas and quality of the 

geocoding process 

Typology of local 

unit 

Quality of the geocoding 

HIGH:  

assigned (x,y) 

coordinates TeleAtlas 

MEDIUM:  

assigned (x,y) of the 

centroid of 

enumeration census 

area 2001 

LOW:   

assigned (x,y) of the 

centroid of the 

municipality 

Total 

n % n % n % N % 

Enterprises 3,992,781 83.1 148,206 3.1 665,027 13.8 4,806,014 100.0 

Public institutions 83,207 76.1 2,540 2.3 23,611 21.6 109,358 100.0 

Non-profit institutions 276,867 79.7 7,724 2.2 63,011 18.1 347,602 100.0 

Totale 4,352,855 82.7 158,470 3.0 751,649 14.3 5,262,974 100.0 

 

In some case, the assignment of the 2011 enumeration areas was  unambiguous, because an 

2001 enumeration area has been divided into several 2011 enumeration areas.  In this case, the 

assignment has been developed in different way. 

 

 

The assignment of the enumeration areas through the use of ANNCSU 

The second step involved the failed results with the first step: a) non- normalized addresses b) 

geocoded addresses with low quality code, c)  EA not unique (more enumeration area 2011 for the 

same enumeration area 2001). 

This second phase used the addresses in the archives: 

• ANSC (National Archives of street maps and Civic Numbers) 

• RNC (Survey on house numbers ) 

• SGR (Survey Management System) for the population and housing census. 

These archives contribute to the consolidation of the National Civic Numbers of Urban Roads 

(ANNCSU), which contains the 2011 census enumeration area for each address. The link with SGR 

and RNC-ANSC archives was based on the criteria of 1) equality or 2) similarity of the addresses 

with or without number. 
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In the first case, through a procedure in Oracle SQL, strings of census address, including their 

attribute  (species, denomination and civic number) were compared with the addresses present in 

the same municipality in the archives used by ANNCSU.  

In this linking process, all records, corresponding to municipalities in which one or more 

addresses was without enumeration area, were extracted from the archives ANNCSU. 

In order to reduce the search space of the candidate pairs, the links were searched only within 

the “municipalities” blocks. 

Initially, the match was carried out considering the different components of the address 

available (species, street name and street number).  

For the same address, we can have different census enumeration area. An enumeration area was 

attributed only if at the same address (species, street name and street number) was not assigned 

different EA. (Figure 1).  

For the remaining addresses, the search has occurred by subsequent approximations, removing 

some components of the specific string, such as street number or species.. 

Figure 1 - Example of not assignable enumerable area: same street name and street number 

with more civic exponent and not unique enumerable area  

 
 

For cases not yet assigned, the assignment of the EA was carried out using similarity. For this 

purpose, a specific software was used, RELAIS (REcord Linkage At IStat), that is a toolkit 

providing a set of techniques for dealing with record linkage projects. 

As comparison functions measure the “similarity” between two fields, the similarity function 3-

grams was used. Q-grams are generally used in approximate string matching by “sliding” a window 

of length q over the characters of a string s to create a number of 'q' length grams for matching. A 

match is then rated as number of q-gram matches within the second string, t, over possible q-grams. 

When two strings s and t have a small edit distance, they also have a large number of q-grams in 

common. 

A valid match was considered using similarity function 3-grams with a selected threshold of 0.8 
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The assignment of the enumeration areas through GIS 

In the third step the assignment of EA used GIS. The available geographical coordinates for the 

addresses, normalized but not assigned, had been projected on the GIS system, obtaining 2011 EA 

for overlapping addresses and geographical limits. 

Subsequent checks have shown that the allocation of this type proved correct. 

 

Figure 4 – Example of assignment of EA by GIS 

 

 
 

The assignment of residual enumeration areas 

For the remaining local units without the EA, the enumeration areas had been identified: 

 using the previous Census 2001: the enumeration area in 2001 was assigned to the local 

units, having the same fiscal code and municipality. If the typology of locality was 

compatible, it was decided to assign the enumeration area of the previous census.  

  using a re-proportioning procedure based on the structure and distribution of the 

enumeration area already assigned. In particular, in order to minimize the risk 

allocation of economic units in sparsely populated area of productive units, the 

remaining units have been assigned to areas with the greatest frequency of enterprises 

or institutions of the same type. 

 

Results 

Therefore, assignments were made with various criteria of reliability. For easier understanding, 

the quality codes have been combined into three groups: 
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 EGON: normalization and consequent allocation through the standardization of the 

addresses; 

 ANNCSU: identification of the enumeration area through ANNCSU archive and use of GIS; 

 CENS_2001: enumeration area by the 2001 census; 

 LOW_QUALITY: methods of allocation by frequency in municipality. 

The following table summarizes the results of this procedure by this quality groups: 

Table 5 – Census enumeration areas by type of unit and quality groups 

Typology of local unit 
EGON ANNCSU CENS_2001 LOW_QUALITY Total 

n. % n. % n. % n. % n. % 

Enterprises 4,140,987 86.2 286,053 6.0 150,968 3.1 228,006 4.7 4,806,014 100.0 

Public institutions 93,055 85.1 4,436 4.1 2,270 2.1 9,597 8.8 109,358 100.0 

Non-profit institutions 307,851 88.6 12,337 3.5 8,930 2.6 18,484 5.3 347,602 100.0 

Total 4,541,893 86.3 302,826 5.8 162,168 3.1 256,087 4.9 5,262,974 100.0 

 

About 90% of enumeration areas is robust (Egon and Anncsu), only 5% has a not robust 

assignment, it can depend on the several factors, as the completeness of addresses and the inexistent 

address in the municipality.  

Before the final release, quality checks were made by type of enumeration area. For example, 

have been reassigned the local units mislaid in the "lake" or "river" in the appropriate ones, 

performing analysis also punctual on the address. 

 

Productive areas 

All local units of the 9th Industry and services census have been allocated to EA. For the EA 

located in "Productive areas", some geolocation problems have been encountered due to: 1)  partial 

compilation of address or 2) inaccuracies in the process of cartographic validation carried out by 

municipalities.  

Overall, the country has 1,902 municipalities (23.5%), having 3,402 productive areas. Of these, 

1,126 localities, distributed in 466 municipalities, were not represented - they were without any 

local unit. In the remaining 2,276 productive areas, present in 1,436 municipalities, have been 

allocated 51,781 local units. 

The situation regarding the 466 municipalities was analyzed in detail. We proceeded with the 

extraction of the local units of enterprises located in the EA determined not in a robust way, that is, 

not through the standardization system Egon or archive ANNCSU; it was 164,462 local units. 

To assign the "productive areas" the criteria were: 

 Research of similarity between addresses of the census and those with productive areas 

in ANNCSU archive (assigned 7,703 of local units) 

 Linkage, with the same fiscal code, including the local unit in 2011 and the 2001 census 

(assigned 1,023 local units of enterprises) 

 Assignment of a productive area based on some keywords (“industrial”, “craft”, 

“commercial”, etc.) in the address of the 2011 census (assigned 3,488 local units of 

enterprises). 

In total, the EA in "productive areas" have been redistributed to 12,214  enterprises in 253 

municipalities. 
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To summarize the results: the 1,902 Municipalities with productive areas, 213 have local units 

of enterprises in productive areas; of the 3,402 EA of typology "productive area", enumeration areas 

with no local units of enterprises are 674 (Table 6). 

Table 6 – Local units assigned to enumeration areas “productive areas" 

 
Enumeration areas 

“productive area” 
Municipalities Local units 

 n. % n. % n. 

EA without local units assigned 674 19.8 213 11.2 - 

EA with local units assigned 2,728 80.2 1,689 88.8 63,995 

Totale 3,402 100.0 1,902 100.0 63,995 

 

Overall 

At the end of the procedures for the allocation of census enumeration areas in local units of the 

9th Industry and services census, the results obtained are summarized below. 

Overall (Table 7), 90.7% of the local units are located in urban center, 6.4% in extra-urban area, 

1.6% in urban nucleus and 1.2% in productive area. 

Table 7 – Local units assigned in enumeration areas for typology of localities 

Typology of locality 
Local units 

n. % 

Urban center 4,776,026 90.7 

Urban nucleus 84,877 1.6 

Productive area 63,995 1.2 

Extra-urban area 338,076 6.4 

Total 5,262,974 100.0 

 

In the Urban center there are proportionally more local units of public and non-profit 

institutions units than of enterprise ones. (Table 8).  
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Table 8 – Local units assigned in enumeration areas for typology of locality and local unit 

Typology of local 

unit 
Typology of locality 

TOTAL OF LOCAL 

UNITS 

LOW_QUALITY OF LOCAL 

UNITS 

n. % n. % 

Enterprises 

Urban center 4,351,463 90.5 207,510 91.0 

Urban nucleus 78,285 1.6 2,457 1.1 

Productive area 62,640 1.3 5,665 2.5 

Extra-urban area 313,626 6.5 12,374 5.4 

Total of Enterprises  4,806,014 100.0 228,006 100.0 

Public institutions 

Urban center 102,548 93.8 9,283 96.7 

Urban nucleus 1,267 1.2 87 0.9 

Productive area 268 0.3 11 0.1 

Extra-urban area 5,275 4.9 216 2.3 

Total of Public institutions 109,358 100.0 9,597 100.0 

Non-profit 

institutions 

Urban center 322,015 92.6 7,669 95.6 

Urban nucleus 5,325 1.5 179 1.0 

Productive area 1,087 0.3 105 0.6 

Extra-urban area 19,175 5.5 531 2.9 

Total of Non-profit 

institutions 
347,602 100.0 18,484 100.0 

Total   5,262,974   256,087   

 

Comparing with the 5% of the EA allocated in a non-robust way (LOW_QUALITY), there is a 

greater presence in productive areas of local units of enterprises (2.5%) than of public or non profit 

institutions, thanks to the particular activities carried out on this type of allocation. 
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