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1 Introduction

This report describes the methods and the algorithms available in the CANCEIS and SCIA systems used by ISTAT in the applications performed in WP 4.1 and WP 5.1 on SARs data set. 

CANCEIS is an editing and imputation system but is not possible to separate the edit and the imputation processes. The outcome data set is a file containing the values of all the variables, whether they have been imputed or not. The identification of the fields localised as erroneous can be obtained by comparing each raw value (from the perturbed data set) to the corresponding corrected value (from the corrected data set). Doing this, we assume that the values localised as erroneous are the ones imputed by the system.

Unlike CANCEIS, in SCIA system the localisation of erroneous values (identification of the minimal set of variables to be imputed) is a process preceding the imputation one. The values localised as erroneous are then imputed by the system. But unfortunately, the localisation process does not create an output file indicating which are the variables selected for imputation. The localisation process is executed jointly to the imputation process and the created output files document only the imputation aspects. Like for CANCEIS, we can obtained the information about the variables deemed erroneous by the system (that is localised as erroneous) by comparing each raw value (from the perturbed data set) to the corresponding corrected value (from the corrected data set). 

Performing a CANCEIS or a SCIA application means to execute jointly the editing and imputation processes. For these reasons we do not separate the description of the editing methods from the description of the imputations method.

2 CANCEIS

2.1 Generalities 

The CANadian Census Edit and Imputation System (CANCEIS) was developed by Statistic Canada to perform editing and imputation of some of the data collected during the 2001 Canadian Census. All reported in the following is from the Version 1.3 CANCEIS User’s Guide (Janes, 2001).

CANCEIS allows the simultaneous hot-deck imputation of qualitative and numeric variables performing record imputation based on a single donor. Its goal is to minimise the number of changes, given the available donors, while making sure the imputation actions are plausible according to a pre-defined set of conflict edit rules (it is also an editing system). The conflict rules that are used to determine if a record passes or fails are supplied by the user in the form of Decision Logic Tables (DLTs). 

CANCEIS consists of two main parts: the DLT Analyzer, and the Imputation Engine. The DLT Analyzer reads the DLTs supplied by the user and the set of variable information files (also known as a data dictionary). The DLT Analyzer uses the data dictionary to verify that the DLTs are constructed properly, and then it proceeds to create one unified DLT that is used by the Imputation Engine. The Imputation Engine was built based upon the Nearest-neighbour (formerly known as New) Imputation Methodology (NIM) that was introduced for the 1996 Census. See Bankier (1999) for further information and examples regarding NIM. The Imputation Engine reads the unified DLT provided by the DLT Analyzer, as well as the actual data to be edited and system parameters to find the records that are incomplete or fail the conflict rules. The Engine then searches for donor records that resemble a failed record and uses data from those donor records to correct the failed record such that the minimum possible number of fields are changed.

The approach implemented in the system is data driven: CANCEIS can impute more than the minimum number of variables but it less likely creates implausible imputed response or falsely inflates the size of small but important groups in the population. CANCEIS is dependent on having a large number of donors that are close to the record being imputed.

CANCEIS is a generic system written in ANSI C programming language and was originally developed on the Windows platform. The following are the recommended requirements for running the 32-bit applications of the CANCEIS DLT Analyzer and the CANCEIS Imputation Engine:

· An IBM-compatible computer with a x86-based personal computer (minimum Pentium II recommended)

· Microsoft Windows 95, Windows 98 or Microsoft Windows NT 4.0 or higher

· Minimum RAM: 64 MB (more memory will allow larger problems to be solved)
2.2 Structure of the system

Flow chart in Figure 1 identifies the two main parts of CANCEIS, the DLT Analyzer, and the Imputation Engine, the input files and the output files. The rectangular boxes represent sets of data files (either input or output), and the oval shapes represent the actual programs involved in CANCEIS. Some of the input files are designed for the DLT Analyzer, and some are for the Imputation Engine. Some files are required for both.

User DLTs

CANCEIS uses conflict edit rules to identify records (also known as units) that need imputation (failed edit records) and records that can be used as donors (passed edit records). If a record matches the responses given by one or more conflict edit rules, then it fails the rules. If it does not match any conflict edit rule, it passes the rules.

The conflict edit rules can be defined by conjunctions of logical propositions or numeric linear inequalities, that is, can involve qualitative and numeric variable simultaneously. The conflict edit rules are supplied by the user in the form of Decision Logic Tables (DLTs). DLTs are a collection of rules organised into a tabular structure. The specification of the DLTs is a critical part of the application, therefore great care has to be taken in converting the edit rules into the required format of DLTs.

Conflict edit rules can be used to determine if a record passes or fails (“consistency” edit rules) or to see if passed records are adequate enough to be donors (“donor selection” edit rules). In other words, consistency edit rules identify records that need imputation while donor selection edit rules were used to place additional restrictions on which passed records were used as donors and on the imputation actions. 

Note that, in addition to the consistency edit rules, the system also uses the validity edit rules defined in phase of supplying data dictionary information. The validity edit rules enable the system to find the invalid data, that is, the missing values or values outside the set of valid responses defined for each variable. 

Data Dictionary

The “Data Dictionary” is a set of files that supply the information about the variables (name, type, set of valid responses, weight, distance function, imputation code).

System Parameters

System Parameters is the file that sets many of the parameters used by the two main modules of CANCEIS. System parameters are values that are used by CANCEIS, which tell it how to do the tasks of editing, donor searches, and imputation. 

Figure 1: CANCEIS flow chart



















Data

CANCEIS process data by strata. Strata can be created by any breakdown of the entire population by some similar characteristic. CANCEIS requires that its data be categorised into at least one stratum. The data within each stratum must involve the same variables, the same number of sub-units, and the same record layout.

CANCEIS was designed for the census of population. Census data are collected at the household level with information for each person within the household (the individual data have the indication of which household an individual belongs to and the relationship to the household heads). The household is the unit and each of the members of the household is a sub-unit. CANCEIS is designed to identify donors for the entire household, not for the individuals. Searches are restricted to households of the same number of sub-units, therefore data with different numbers of sub-units must be in different strata. In other words, CANCEIS processes data by household size that is by groups of households having the same number of sub-units

For each stratum, data are supplied by a data file containing household records: the responses for all the sub-units belonging to a given household are reported in a single record. 

DLT Analyzer

The DLT Analyzer is the first of the two major components of CANCEIS. The DLT Analyzer needs to be run only once per stratum. Note that the DLT Analyzer does not require data to be edited. 

There are 3 different types of input for the Analyzer: (1) the System Parameters, (2) the DLTs, and (3) the Data Dictionary. 

The DLT Analyzer reads the DLTs as well as the Data Dictionary and verifies that the structure is correct before the Imputation Engine is run. It also checks the DLTs to ensure that they are set up properly with correct syntax, and that the variables used within the DLTs are the same as in the Data Dictionary. If there are any inconsistencies with the names or structure, then error messages will be displayed and error files will be created. 

Once all of the DLTs within the DLT file have been analysed, the DLT Analyzer pools the DLTs together into one unified DLT that will be used by the Imputation Engine. 

There are three types of output: (1) Processing Status, (2) Statistical Reports, and (3) the Unified DLT.

Unified DLT

There is one set of data that is created by the DLT Analyzer for use by the Imputation Engine. The Unified DLT represents a set of system-created files that must not be moved or changed in any way. This unified DLT is structured in a way that allows the Imputation Engine to be efficient.

Imputation Engine

The Imputation Engine is the second and final major component of CANCEIS. The Imputation Engine can only be run after the DLT Analyzer has been run on a stratum.

The Imputation Engine uses the unified DLT created by the DLT Analyzer and applies its edit rules to the data to check if each unit passes or fails the edit rules. A failed unit is one in which the data is incomplete, invalid, or does not satisfy all of the edit rules in the Decision Logic Table. If a variable has a missing value, and the value is required, then we say that the record is incomplete. A response is considered invalid if the value does not fall in the user-defined set of valid responses (defined by the Data dictionary). Finally if any of the conflict rules are matched, then the unit (or record) is said to have failed those conflict rules.

Once the failed units have been identified, passed units that resemble a failed unit are found. These passing units may be used as donors for the failed records to which they resemble. The passed unit that is used is called a donor because data is borrowed from that record so that the failed record will pass the edit rules. The process of determining which data needs to be changed for the failed unit, and then applying the changes to the failed unit is called imputation.

A feasible imputation action is a set of changes that can be made to the failed unit so that it would pass all the consistency edit rules. Since there are several potential donors that can offer data that will satisfy the edit rules, there is usually more than one imputation action that can correct the data. Also, any one potential donor may generate many imputation actions that will also adequately correct the failed record. The best feasible imputation actions usually make the minimum number of changes to the failed record. Once the Imputation Engine has completed the donor search for a failed record, it will choose which of the suitable donors will be used, and how the corrections to the failed unit will be implemented.

There are three types of output generated by the Imputation Engine: (1) Processing status, (2) Statistical reports, and (3) the Data processed through Edit and Imputation. 

2.3 Methodology

This section very briefly describes some of the methodology employed by the Imputation Engine. For more detail, see Bankier et al. (2000).

Editing

During the editing stage, the Imputation Engine identifies all the records that pass or fail. It first checks that the data is valid (that the data meets the set of valid responses and intervals set in the Data Dictionary). Any unit with invalid or missing data will fail. The rules of the unified DLT are then applied to check for more failed units. Any unit with at least one edit rule that matches will fail.

Each unit is assigned a value to identify its status

Invalid:

It contains invalid data according to the Data Dictionary.

Inconsistent:
It matches at least one of the consistency edit rules in the DLT.

Non-donor:
It passes the consistency edit rules in the DLT, but failed one or more of the donor selection edit rules. Although it passed, it cannot be used as a donor 

Donor:
It passes all edit rules – no conflicts from either consistency edit rules or donor selection edit rules

Imputation

The NIM (Nearest-neighbour Imputation Methodology), that was developed and successfully applied to the 1996 Canadian Census, has been incorporated into the imputation methodology of CANCEIS. The method will be used to perform imputation on all failed records. 

CANCEIS performs imputation on all failed units. It tries to impute the minimum number of variables given the available donors. It achieves this by means of donor imputation from a single donor. The donor, from which the responses are taken, is chosen among the nearest neighbours, that is, among donors that resemble the failed unit. 

CANCEIS searches for (and analyses) potential donors in stages. The actual number of stages depends upon how quickly good potential donors can be found. A stage involves several steps. The steps are listed below, and a brief explanation follows after the list.

Steps Within Stages

1. Collect a group of potential donors near the failed record.

2. Create a distance Dfp for the selected reordering.

3. Keep the potential donors with the lowest Dfp in a List of Potential Donors.

4. Generate feasible imputation actions for each potential donor in the List of Potential Donors. 

5. Calculate a distance Dfpa for each feasible imputation action.

6. Place the imputation actions with the lowest Dfpa in the NMCIA List.

7. If this is the first stage, continue with the second stage. Go to 1.

8. Compare the current best imputation action of all stages so far with the best imputation action before the current stage. If it is significantly better, and another stage is permissible, proceed to the next stage and go to 1.

9. If there will not be another stage, then the collection of potential donors and creation of imputation actions is finished. 

Step 1

To collect a group of potential donors, CANCEIS must first determine how many donors it needs to collect and which method it will use. CANCEIS offers three different methods of searching for donors. They are

1. Ripple Search. The system starts at the failed record and looks for donors before and after the failed record in an alternating fashion until the specified number of potential donors has been reached

2. Backward Search: The system only considers records above the failed record. It completely ignores records after the failed record.

3. Forward Search: This system only searches for donors after the failed record.

Step 2

Once a list of potential donors has been obtained, a distance is calculated to represent how close the failed record is to the potential donor. The lower the distance, the better the resemblance between the failed and the passed record. The distance is calculated as follows:
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Where the D with the subscript fp represents a distance between a failed and a passed record. The summation is over each variable for a record, so the wI is the weight of the ith variable, and the Di is a distance score between the values of the ith variable of the failed record (Vfi) and the Ith variable of the passed record (Vpi). 

The constraints are:

wI > 0, and

0 < Di < 1

The sub-units of a potential donor may match the sub-units of a failed record better if they are reordered. Usually one of the orderings matches better than the others. CANCEIS creates the set of possible sub-unit orderings based on used defined parameters (the user can choose among three ordering methods). A reordering is a pairing between an ordering of the failed record and the sub-units of a potential donor.

CANCEIS calculates a distance value Dfp for reorderings of the failed household to each potential donor.

Step 3

The List of Potential Donors contains only the best reorderings – the ones with the smallest Dfp values. The number of potential donors that make the list is set in the system parameter file. Any reordered donor with a Dfp value small enough to make the List of Potential Donors will be considered at the next donor selection stage. All other donor orderings are discarded.

Step 4

The List of Potential Donors is used to efficiently generate a series of imputation actions, which are a series of potential changes to the failed record so that the new adjusted record may pass the edit rules. The adjusted record would be a modification of the failed record where some values would be borrowed from the potential donor.

There may be one or more imputation actions created for each potential donor that will allow the adjusted record to pass the consistency edit rules. Such successful imputation actions are called feasible imputation actions. 

Step 5

To determine potential donors with the best feasible imputation actions, CANCEIS will compute another distance value that will compare the new adjusted record simultaneously to the old failed record and the potential donor (from the List of Potential Donors). A formula similar to Dfp used previously is applied as follows:
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Where Di is the distance between the ith variables of the failed record (Vfi) and the new adjusted record (Vai), and wi is the weight of the ith variable. Dfa is the distance between the failed record and the adjusted record. Similarly,
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is a formula in which Dap is the distance between the adjusted record and the passed (ordered potential donor) record. Di here is the distance between the ith variables of the adjusted record (Vai) and the potential donor record (Vpi), and wi is the weight of the ith variable. Again the constraints are:

wi > 0, and

0 < Di < 1

When imputation occurs on a failed record, the new adjusted record will only contain either values of the failed record or values of the donor record. 

If Dfa is relatively small compared to Dap, then the adjusted record will be more similar to the failed record than the potential donor. Contrarily, a relatively small Dap results in the adjusted record having a stronger resemblance to the potential donor.

To find the best imputation action, CANCEIS calculates a weighted average distance for each of the adjusted records that result from the feasible actions. The score used is
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where Dfpa is the a weighted average between the distance scores Dfa and Dap. The weight parameter ( is a value defined in the system parameter file, where 0.5 < ( < 1. 

If ( is closer to 1 than 0.5, then minimum change is more important than having the adjusted record look like the donor. If ( is closer to 0.5, then the new adjusted record will look more like the donor than the failed record.

Step 6

CANCEIS places the feasible imputation actions with the lowest Dfpa scores into a Near Minimum Change Imputation Action (NMCIA) List. The NMCIA List will contain all the best imputation actions of the current and past stages. 

Entry into this list is determined by the system parameter ( used in the following equation:
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Feasible imputation actions are placed into the NMCIA List until the maximum number of imputation actions has been reached. Once the list is full, and if the Dfpa for an imputation action is low enough, then it makes the NMCIA list, and the imputation action on the list with the largest Dfpa is removed. The min(Dfpa) is the lowest score of any imputation action on the list. This value can change as better imputation actions are found.

The system parameter ( is a multiplier that creates an upper bound on the imputation actions permitted within the NMCIA list. Typically, ( is set around 1.10 so that only imputation actions within 10% of the best one are acceptable. Any imputation action that does not make the list is rejected. 

Step 7

CANCEIS usually performs 2 stages (given enough potential donors). At the end of stage 1, the processes in items 1 to 6 will be repeated. When CANCEIS returns to step 1 for the second stage, it will collect another set of potential donors.

Step 8

CANCEIS determines if another stage of potential donor collection and analysis is required. See the CANCEIS User’s Guide for more details.

Imputation Action Selection

Once all stages have been performed, the imputation action that will be used for imputation of the failed record is chosen. The imputation action is selected from the NMCIA list. If the NMCIA list is empty, then no imputation will be performed. 

One way of selecting the donor is to choose the imputation action with the smallest Dfpa. However, in order to maintain the population distribution, all imputation actions within the NMCIA list will have a chance of being selected, and the ones with the smaller Dfpas will have a better chance. This is done by giving every imputation action in the NMCIA list a weight inversely proportional to the value of its Dfpa. Namely:
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The parameter t is an exponent that has a default value of 1, but can be modified to any non-negative number. As t approaches infinity (very large), the probability of the imputation actions with the smallest Dfpas being chosen becomes greater and greater. However, a value of t = 0 means that every imputation action within the NMCIA list has an equal chance of being chosen. The method of selection and the value of t are set as system parameters.

Once an imputation action is selected, then it is applied to the failed record to complete the imputation process.

3 SCIA

3.1 Generalities 

The Sistema di Controllo e Imputazione Automatici (SCIA) was developed by ISTAT for automatic editing and imputation of qualitative variables. It has been applied to the most important surveys on individual and households: the Population Census of 1991, the Labour Force Survey, and the Survey on Household Expenditures. All reported in the following is from the Fellegi-Holt paper (Fellegi et al., 1976) or the ISTAT internal document on SCIA methodology (Riccini et al., 1995).
SCIA is a system for automatic editing and imputation of qualitative variables. It solves the error localisation problem using the Fellegi-Holt paradigm (it minimises the number of changes) and, if possible, imputes the new values by donor imputation techniques (the new values are consistent according to a pre-defined set of conflict edit rules).

SCIA has a modular structure. In each module a particular function of the data processing phase (definitions, checking, generation of complete set of edits, editing and imputation) is implemented.

SCIA is available on UNIX operational system (original development) as well as on PC Windows operational system. The last version is part of the CONCORD software (Riccini, 2002).

3.2 Structure of the system

In this section the main functions implemented in SCIA are briefly described.

Definition of domains

SCIA processes qualitative data. This function allows to supply the information about the variables (name, position and length in characters of the fields on which the variables are recorded in the record, set of valid responses).

Specification of the rules 

SCIA uses conflict edit rules (edits in the follow) to identify failed records (that need imputation) and passed records (that can be used as donors). The edits must be supplied in the according to the so called normal form (Fellegi-Holt, 1976). The edits defined by the user are referred as explicit.

No rule may be introduced within the system if it involved a variable which was not previously specified during the stage of Definition of domains.

Check of the rules

The initial set of explicit edits defined by the user, is checked in order to eliminate redundancies and inconsistencies between pairs of edits and to aggregate the edits which can be combined. An edit is redundant if it is included in other edits. Two edits are inconsistent if they jointly imply that there are admissible values of at least a single variable which would automatically cause edit failures, irrespective of the values in the other variables. Redundancy between edits does not affect the correctness of their definition but can affect the efficiency of the E&I process. On the contrary, inconsistencies between edits means that can be errors in some edit definition and this, generally, affects the efficacy of the E&I process.

SCIA eliminates redundant rules, aggregates rules that can be combined and points out contradictory rules by messages. The elimination of inconsistencies must be carried out directly by the user. 

The set of original modified edits (output of this module) is referred to as minimal set of edits. The minimal set constitutes the basis for the generation of the complete set of edits.

We remark that the redundancies and/or contradictions indicated by the system, in this module, are only those resulting from comparison of pairs of edits; the minimal set of edits is therefore only partly consistent, and not totally consistent, since it is the result of elimination of contradictions between pairs of edits.

Generation of the complete set of edits

“The set of explicit edits are all that are necessary to identify the records which pass or fail the edits but the edits implied by them logically must also be considered if one wishes to investigate systematically the field(s) which must be changed to correct the record”(Fellegi and Holt, 1976).

Therefore, after the contradictions are removed by the user, that is, the set of explicit edits is contradiction-free, a step of implied edit generation is performed from the minimal set of edits. 

Essentially new implied edit are only those which add to the understanding of the constraints imposed by the edits on the data. Implicit edits give information about explicit edits that do not originally fail but may fail when a field in a record with an originally failing explicit edit is changed. See Fellegi and Holt (1976) for a formal definition. The set of explicit edits, together with the set of all essentially new implied edit is said to constitute a complete set of edits. 

We remark that “a useful results of the method of generating implied edits is that any internal consistency in the explicit edits id identified” (Fellegi and Holt, 1976). Therefore, after removing the inconsistency by user, the explicit set of edits is surely totally consistent. 

Check of data

Only qualitative variables endowed with a numerical code may be processed by SCIA.

The minimal set of edits is applied to data to identify the records which pass or fail the edits. Failed records will be imputed while passed records will be used as donors.

Correction of data

The complete set of edits is applied to failed records to determine the minimal set of variables to be corrected (error localisation) and to perform the imputation step. The imputed values are chosen in order to allow the adjusted records pass all the edits. 

3.3 Methodology

This section briefly describes some of the methodology implemented in SCIA.

Specification of the rules

Each conflict edit rule (edit) must be specified in normal form that is by subsets of code space connected by intersection operations. The set of edits is composed of rules connected by the union operations. An example of edit in normal form is: 

(Marital status = Ever married) ( (Age = 0-14)

Generation of the complete set of edits

When generating the complete set of edits the system identifies all essentially new implied edits contained in the initial set of rules (explicit edits), by making combinations between the original edits in accordance with the Fellegi-Holt method.

The generation procedure consists of combining edits by utilising each of the variables involved as a generating field: if this procedure produces essentially new implied edits then the procedure is repeated also combining the new edits with the pre-existing ones. This procedure terminates when no essentially new implied edits are produced. 

An example of an essentially new implicit edit can be obtained from the following explicit edits (the generating field is Marital Status):

1. (Marital status = Ever married) ( (Age = 0-14)

2. (Marital status = Single) ( (Relationship to Head = Spouse)

The essentially new implied edit generated will be:

3. (Age = 0-14) ( (Relationship to Head = Spouse)

Correction of data

SCIA performs the correction of data in two sequential steps: 

1. Identification of the minimal set of fields whose values can be changed in such fashion that the adjusting record would satisfy all edits (error localisation). 

2. Choice of suitable values for the fields in the minimal set (imputation). 

In both steps the complete set of edits is used.

Error localisation 

For each failed record, the minimal set of variables to impute is determined by identifying those variables which "cover off" all the failed edits (explicit or implicit).

However, the user can prevent or render less likely the insertion of one or more variables in the minimal set by assigning a degree of fixity to each of these, depending on the probability of error foreseen for such variables. The degrees of fixity are specified by the user when defining the parameters.

The degree of fixity of a variables is included in the 1-9 range (9 = absolute fixity). A variable with absolute fixity is not imputed. Incorrect records may arise out of values outside domain due to variables with absolute fixity or due to the presence of numerous variables with absolute fixity. SCIA attempts to impute, firstly, the variables with lowest degree of fixity and considers variables with greater fixity only when it cannot identify a possible minimal set of variables to be imputed among those with a lower degree of fixity. 

Imputation

The imputation procedure has two main phases:

1. Selection of the failed record and creation of a "pool" of donor records. 

2. Selection of the donor and imputation of the values.

As far as the creation of the pool of donor records, SCIA offer the user the opportunity to define or not to define certain variables as being key for search and selection of passed edit records to be included in the pool of possible donors. Key variables are variables which determine renewal of pool of donor records as they change value. When key variables are specified, a failed edit record is corrected with a donor having the same values for the key variables. The key variables must have absolute fixity. In general, territorial variables (Region, Province, District ...) are used as keys. They are specified by the user when defining the parameters.
As far as the imputation of the values, SCIA offers three possible correction techniques:

· joint imputation;

· sequential imputation;

· forced imputation.

The first two are correction techniques of the "donor" type whilst the third technique is based on the analysis and utilisation of simple marginal distributions of the variables.

The first technique, in particular, includes the following two versions:

· Restricted joint imputation: possible donors are selected amongst those passed records, as far as matched variables are concerned, having values identical to those contained in the failed record. The matched variables are those variables appearing among the edits which the given record fails or can potentially fail, depending on the choice of values for the variables in the minimal set, but that do not belong to the minimal set.

· Relaxed joint imputation: appropriate ranges are calculated for the matched variables related to the failed record and possible donors are selected amongst those records with matched variables having values falling within the identified ranges. The ranges are the intersection of the subsets of code space indicated for the matched variables in the activated edits or edits which may, potentially, be activated by the values of the variables in the minimal set.

The Sequential imputation is developed as follow: for each of the variables belonging to the minimal set a range of acceptable values is calculated; for each of these a search is made and, if it exists, a donor record is selected with a value falling within the corresponding range. The range of acceptable values is the intersection of the complements of the subsets of code space indicated for such variable in the edits which the given record fails or may fail, depending on the value for the variable examined The procedure is repeated for all variables in the minimal set until the correction is complete. 

The sequence of the applied imputation method can be in some way chosen by the user. That is, SCIA attempts to impute by the first selected method, if it is not possible, it attempts to impute by the second selected method and so on. Generally the previous order is chosen that is: 1) restricted joint, 2) relaxed joint, 3) sequential. 

In the case where it is not possible to identify a suitable donor using joint or sequential imputation methods, SCIA applies the method of Forced imputation based on the simple marginal distribution: from the set of acceptable values a value is randomly drawn on the basis of the frequencies of marginal distribution of the variable itself. For the imputation of one or more variables the user may also not to attempt imputation based on donor techniques at all, that is, it is possible to request the system to treat these variables directly using the forced imputation method. These variables are referred as marginal variables and are specified by the user when defining the parameters.
SCIA enables the user to specify some other parameters that define the general modalities for the imputation stage. These parameters define:

· The auxiliary matching variables: these are matching variables defined by the user a priori. When an auxiliary matching variables is specified for a given variable, the variable is imputed using a donor record having the same values for the auxiliary matching variable. We remark that when a variable bound to an auxiliary matching variable has to be imputed (because it is in the minimal set of fields) SCIA always adopts the Sequential imputation method. 

· The maximum number of donations for a single donor record. A counter relating to the number of times that a passed record has been used as a donor is updated for each passed record. SCIA verifies that the counter is less than or equal to the maximum number established. In the case of a positive outcome, the passed record is accepted as a donor and the system proceeds to effectively correct the failed record. In the opposite case, the passed record is excluded from the entire correction process and the search, by the present imputation method, continues in the pool for another donor.
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