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Abstract

:

The paper describes PCDM and PCDM4MP as new tools and commands capable of exploring large datasets. They select variables based on identifying the absolute values of Pearson’s pairwise correlation coefficients between a chosen response variable and any other existing in the dataset. In addition, for each pair, they also report the corresponding significance and the number of non-null intersecting observations, and all this reporting is performed in a record-oriented manner (both source and output). Optionally, using threshold values for these three as parameters of PCDM, any user can select the most correlated variables based on high magnitude, significance, and support criteria. The syntax is simple, and the tools show the exploration progress in real-time. In addition, PCDM4MP can trigger different instances of Stata, each using a distinct class of variables belonging to the same dataset and resulting after simple name filtering (first letter). Moreover, this multi-processing (MP) version overcomes the parallelization limitations of the existing parallel module, and this is accomplished by using vertical instead of horizontal partitions of large flat datasets, dynamic generation of the task pattern, tasks, and logs, all within a single execution of this second command, and the existing qsub module to automatically and continuously allocate the tasks to logical processors and thereby emulating with fewer resources a cluster environment. In addition, any user can perform further selections based on the results printed in the console. The paper contains examples of using these tools for large datasets such as the one belonging to the World Values Survey and based on a simple variable naming practice. This article includes many recorded simulations and presents performance results. They depend on different resources and hardware configurations used, including cloud vs. on-premises, large vs. small amounts of RAM and processing cores, and in-memory vs. traditional storage.
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1. Introduction


Recently, many concerns regarding the replicability of scientific findings as results of experiments and data analysis reported in various publications emerged. There are many cases in which other researchers have to re-implement and adapt to validate the findings or even replicate the data analysis or the computation using the same data, procedure, methodology, and even code or script sequences [1,2].



Nowadays, many statistical tools (SPSS, R, Matlab, Minitab, SAS, Stata, etc.) encourage replicability through consistent support for data analysis, statistical calculations, visualizations, advanced tests, and automatic reporting of results and aid for community contributions and versioning. The latter concerns both the main software version for which a certain command was written (https://www.stata.com/features/overview/integrated-version-control/, accessed on 1 June 2022) and the release marker telling the program’s version in the proprietary tracking scheme (https://www.stata.com/support/faqs/programming/release-marker-versus-version-number/, accessed on 1 June 2022). Stata (https://www.stata.com, accessed on 1 June 2022) benefits from all of these [3,4,5,6,7] and it successfully combines a friendly user interface with support for power users and programmers. There are many new Stata programs and commands introduced to serve different purposes. Among them, those used for data mining (as a crucial component of business intelligence [8,9] or even dedicated Cross-Industry Standard Process model—CRISP-DM [10]) and variable selection such as: stepwise [11] with forward and backward selection, or the LASSO package [12]. The latter has different components. For instance, CVLASSO can perform cross-validations on random subsamples. More, RLASSO places a high priority on controlling overfitting [13,14]. In addition, the calculation of shrinkage statistics to measure overfitting using overfit.ado [15]. Moreover, PCA stands for Principal Components Analysis [16] and allows the estimation of parameters for principal-component models. Even more, it is worth mentioning here the Bayesian Model Averaging (BMA) and weighted-average least-squares (wals) for estimating linear regression models with uncertainty about the choice of the explanatory variables [17]. The Boosting technique for decision tree classifiers [18] also has a well-defined place in the list of exploratory ones. Still, the boost plugin in Stata is too time-consuming in terms of execution, and it has limited capabilities such as automatic variable selection and treatment of missing values [19]. It is worth mentioning tools able to compute maximum probability thresholds in some visual representations known as risk-prediction nomograms generated using the nomolog command [20].



In terms of parallel approaches, we mention early contributions focused on computing the “information gain” using MapReduce jobs executed on Hadoop Clusters [21,22] or the open-source distributed machine learning library, namely MLib [23] and other more recent methods and techniques in Apache Spark [24,25] and Mahout [26,27,28]. In addition, it is worth referring to other new approaches that focus in particular on computing Pearson’s correlation coefficients, such as ForkJoinPcc, which uses the parallel MATLAB APIs [29] to mimic the well-known parallel programming model, namely the fork-join model.



In this paper, we describe new exploratory tools, namely PCDM and PCDM4MP. They serve data-mining and variable selection purposes being also two new dedicated commands for Stata. They rely on pairwise correlation computation and printing easy-to-copy and filterable results in the console. Their design enables them to support the rapid selection of most correlated variables with the one specified right after the command name (the target), and this is even without knowing and stating the name of the rest of the variables in any dataset. The latter is an advantage that makes them reliable data-mining tools. For PCDM, we also considered a direct but more complex filtering scenario. The latter considers a set of three most important values as parameters. The first corresponds to certain thresholds for the correlation coefficients (minimum accepted absolute value). The second describes the minimum accepted number of valid observations at the intersection of every single pair of two variables meaning the target one and each of the remaining. The third is afferent to the maximum accepted p-value [30,31]. For PCDM4MP, the focus was on speed via multi-processing.




2. Materials and Methods


Both a persistent online Google Drive folder (https://drive.google.com/drive/folders/1kC2IwD3v9sSD9kePHMDqBxFjr4xu_VdK, accessed on 1 June 2022) and a GitHub repository (https://github.com/danhomocianu/PCDM-PCDM4MP, accessed on 1 June 2022) served to keep both commands (.ado files), other processing and selection script sequences (mostly. do files in the “additional scripts” section), and many demos (the “recorded simulations” section) acting as short tutorials [32,33] supporting this research.



A dataset from the World Values Survey (WVS) (The Data Availability Statement at the end of this manuscript and the video instructions in the 1st recorded simulation, namely, 1.download test-data from WVS(TS-v1.6).mp4, https://drive.google.com/u/0/uc?id=1wiwHo1gYrmccZYoJB4y1kjgcVQdVfZwE&export=download, accessed on 1 June 2022) proves the usefulness of PCDM in real-world scenarios with large amounts of historical data [34,35,36]. The WVS is one of the biggest cross-national, non-commercial, time-series empirical surveys of human beliefs and values ever conducted. It is also a representative comparative social investigation conducted globally in over 100 countries and includes seven waves applied once every five years (from 1981 to 2020). WVS served many kinds of research and studies [37,38,39,40,41,42,43]. The starting point was the entire set of variables (1045) and observations (426,452) in this dataset which was also loaded and exported as .csv using Stata (line 8—Figure 1). In addition, a simple binary derivation of the variable to analyze (C033, Job satisfaction) considering the symmetric split of the original scale. C033 (original scale of 1 = Dissatisfied up to 10 = Satisfied) was the starting point to generate C033_bin. This binary form has the value of 1 for all not null initial values greater than or equal to 6 and 0 otherwise (but still not null original values—lines 3–5, Figure 1—preProcessingScript.do (https://drive.google.com/u/0/uc?id=1sQNtMANwM3DzP5CAl2u3Io-xD6f5_4xW&export=download, accessed on 1 June 2022).



The first thing to do was to intersect the results obtained using both variable selections corresponding to those two forms of the outcome and the method based on PCDM and PCDM4MP in Stata (versions 16.0 and 17.0, MultiProcessing, x64, StataCorp, College Station, TX, USA). It meant computing and filtering on absolute values of pairwise correlation coefficients, their significance, and the corresponding number of observations. Additional filters served the latter after copying the results from the console in a spreadsheet tool. The alternative, also considered, was to demonstrate the use of optional arguments. Further selections relied on the LASSO pack and BMA (in both Stata versions above).



In addition, we tried to find the most resilient predictors by using another method based on the Adaptive Boosting technique and to show which of them are among those obtained using the approach based on PCDM and PCDM4MP. Therefore, we first loaded the .csv dataset in the Rattle (https://rattle.togaware.com, accessed on 1 June 2022) (version 5.4.0) interface from R. Then, we used this technique for decision tree classifiers as an alternative data-mining round, considering the following default settings: Trees—50, Max Depth—6, Min Split—20, Complexity—0.01, Learning Rate—0.3, Threads—2, Iterations—50, Objective—binary logistic/logit). It benefited from the support of a virtual machine available in a private cloud described below.



Other correlation commands (e.g., correlate) further served each tested regression model (logit and OLS-Ordinary Least Squares). This time, they are critical concerning just the resulting and intersecting predictors as maximum absolute values from their matrices with correlation coefficients (maxAbsVPMCC). In addition, the highest ones for the computed Variance Inflation Factor or OLSmaxComputVIF were subject to assessment against (no more than) the maximum acceptable ones (Equation (1)) or OLSmaxAcceptVIF [44,45,46] for each OLS regression model. The measurements also concerned accuracy, as AUCROC (better for larger values). The latter means the Area Under the Curve of Receiving Operators Characteristics [47,48]. The same for the information gain and model fitness via AIC (Akaike Information Criterion) and BIC (Bayesian Information Criterion) values [49,50,51], meaning more information gain and a better fit for lower such values.


OLSmaxAcceptVIF = 1/(1 − the R-squared value of the model)



(1)







PCDM (https://drive.google.com/u/0/uc?id=1hRBn0tv5wSXFjUbzVumIfqvRasOCWGcY&export=download, accessed on 1 June 2022) is installable (download and copy to one of the ado directories (https://www.stata.com/manuals13/u17.pdf, accessed on 1 June 2022, Section 17.5.2 of the previous online .pdf manual)—e.g., C:\ado\personal). The source script and syntax of PCDM (Listing A1, Appendix A) are easy to understand and allow two main types of use.



The first is simple meaning without optional parameters by specifying only the variable considered for analysis and the rest of the variables available in the dataset using a generic symbol (e.g., PCDM C033 *) or explicitly—e.g., PCDM C033 A170 C006 C031. The second means a more complex scenario (e.g., if_plus_mix_of_if_and_3arg.do, https://drive.google.com/u/0/uc?id=17HNpLZypindqT8hZarZjv3O1B80jn0z3&export=download, accessed on 1 June 2022) when benefiting from the use of the if data subset filtering option (supported by PCDM—lines 6 and 52—Listing A1) for filtering the dataset (e.g., on a certain country code: PCDM C033 * if S003==840) and three optional parameters (line 6—Listing A1, between square brackets, and Figure A1, Appendix A), namely




	
minacc—the minimum accepted absolute value (lines 21–29 and 59, Listing A1) of the correlation coefficient (its default value is 0—line 18, Listing A1);



	
minn—the minimum accepted number of observations (lines 30–38 and 59, Listing A1) for each response-predictor pair (its default value is 1—line 19, Listing A1);



	
maxp—the maximum tolerated p-value (lines 39–47 and 59, Listing A1) for a significance threshold, usually 0.05 or less (therefore, its default value is 0.05—line 20, Listing A1).








A simple use case relies on a single logical processing core. It also involves the real-time reporting of the number of execution steps out of the total number (the same as the total number of variables in the dataset) along with the execution percentage (lines 61 and 62, Listing A1) and printing of all results or only the ones satisfying those three constraints above (if specified as arguments) in the Stata console (Figure 2).



In a more advanced scenario, the PCDM command (which should work on many platforms, only depending on the location of the personal .ado directory (https://www.stata.com/support/faqs/mac/personal-ado-directory/, accessed on 1 June 2022) appears as invoked inside another one (PCDM4MP, https://drive.google.com/u/0/uc?id=1_Gz37zgyfkKWoZO0J8JuEZ7ei-Q4mwaG&export=download accessed on 1 June 2022). The latter was designed for multi-processing purposes (the video instructions in the 2nd recorded simulation, namely, https://drive.google.com/u/0/uc?id=14_M-LdWMEtcfw75z1gl8a541VSs7brk6&export=download, accessed on 1 June 2022) in Stata but only on a Windows physical or virtual machine (reading the number of existing logical cores only considered the case of a Windows OS—local nproc: env NUMBER_OF_PROCESSORS). Using the latter (Figure 3) involves only the target variable and two optional parameters (number of logical cores and destination disk for temporary results) without the rest of the variables and the optional arguments of PCDM. PCDM4MP is optimized for Windows, and it invokes the qsub parallel processing module in Stata [52]. Therefore, qsub is a prerequisite in the sense that it must be installed (ssc install qsub, replace) first. PCDM4MP first displays the starting time (Listing A2, Appendix A, lines 7 and 8). The same when finishing (Listing A2, lines 152 and 153). In addition, it checks many things. One is the number of the total existing (Listing A2, line 33) vs. allocated logical cores (Listing A2, lines 6, 34–43, and 136–138). The latter is optimized (if `xc’ > `k’ local xc = `k’, https://drive.google.com/u/0/uc?id=1_Gz37zgyfkKWoZO0J8JuEZ7ei-Q4mwaG&export=download, accessed on 1 June 2022) in order not to overpass the number of vertical splits of the dataset (k groups of variables, according to the starting letter, upper or lower case in their names). Other checks mean verifying whether more than one variable/no variable is used in the command call or simply checking the number of variables in the dataset, its path, and the path of the Stata tool. PCDM4MP also creates a structure of folders on the root of a specified partition/disk (by default C—Listing A2, lines 6, and 44–53, C:\StataMPtasks, C:\StataMPtasks\queue; C:\StataMPtasks\logs—Listing A2, lines 56–64) and a template file (C:\StataMPtasks\main_do_file.do—Listing A2, lines 65–93) working with two arguments: 1-the task number (Listing A2, lines 72, 124 and 128) in maximum two digits, 2-the starting capital or small letter (Listing A2, lines 80, 89, 124, and 128) for a group of variables to consider in a PCDM correlation command. At runtime, PCDM4MP (Figure 3) will start from this template and will also dynamically generate as many .do files/tasks (maximum 52 in the “queue” subfolder—Listing A2, lines 112–133) as there are variable groups starting with a given letter (upper or lower case), and this was considered because there are many other organizations collecting large datasets (e.g., SHARE-ERIC, http://www.share-project.org/home0.html, accessed on 1 June 2022, e.g., all the variables about work quality start with “wq”.) that use category coding of variables that start with a particular letter or combination of letters. All these tasks will be managed by qsub, which is automatically used (Listing A2, line 139) by PCDM4MP. Consequently, there is no need for further user/custom scripts or setups to generate the template and the tasks, as indicated in the documentation of qsub. When generating tasks, PCDM4MP will also include log generation commands (Listing A2, lines 68–76, and 92), which are necessary to retrieve the results obtained in a parallel manner. Finally, PCDM4MP will print all the logs (previously generated in the logs subfolder—Listing A2, lines 140–151) in the Stata console. Any user should further copy all this content into a spreadsheet tool, split it into columns using the programmatically generated space separator, and filter it to keep only the correlation results, including additional conditions for minacc, minn, and maxp. This fact (the user is already being asked to copy and filter) is the reason why these three were no longer considered arguments (not even optional) when dealing with multi-processing tasks (PCDM4MP). PCDM4MP is not optimized to support filtering on data subsets (if) either, but this option remains easily available with the aid of a simple script pattern, namely use_filtering_script.do (https://drive.google.com/u/0/uc?id=1yjGsW0fwUi-PZgvlnlaKMy9GX9U40SaK&export=download, accessed on 1 June 2022) (as six simple command lines) able to extract, export, and reload only a data subset starting from the initial dataset and depending on one or more conditions.



The tests used the above versions of Stata (“Run as Administrator” mode mandatory only for PCDM4MP) and three hardware architectures:




	
Intel Xeon Gold 6240 CascadeLake CPU (Central Processing Unit) with 36 virtual processors/logical cores/threads and 18 physical ones, Socket 3647 LGA, 14 nm technology, 2.6 GHz and 32 GB of RAM (Random Access Memory), SCSI Disk, on a Windows Server Datacenter 2019 Virtual Machine (VM—CPU’s bus/core ratio/clock multiplier locked inside the VM, and maximum 32 virtual processors (https://drive.google.com/file/d/1LbbB9Jz3C9SYJHsRUCkwmSREKoI-_ejJ/view, accessed on 1 June 2022, configured for use) in a private cloud (https://cloud.raas.uaic.ro, accessed on 1 June 2022) managed using OpenStack on Ubuntu.



	
Intel Core i7–4710HQ CPU (8 logical cores, 4 physical ones), Socket 1364 BGA, 22 nm technology, up to 3.5 GHz and 32 GB of RAM, SSD, on a Physical Machine (PM—CPU’s bus/core ratio not locked) using Windows 8.1 Professional x64.



	
Intel Atom N550 dual-core CPU (4 logical cores), Socket 559 FCBGA8, 45 nm technology, 1.5 GHz and 2 GB of RAM, SATA HDD, on a PM using the same type of Windows 8.1 above.









3. Results and Discussion


The goal here is to demonstrate the usefulness of the PCDM and PCDM4MP commands, and this is mostly in terms of simplicity and increased support for variable selection. These are based on the results of some tests with both PCDM and PCDM4MP intersected with the ones obtained using other tools and techniques.



Although essentially based on pwcorr (https://www.stata.com/manuals/rcorrelate.pdf, accessed on 1 June 2022) (the pairwise correlation command starting from Pearson’s product-moment method [53,54]—line 52, Listing A1), PCDM has clear advantages over the already existing correlate or pwcorr. The latter is due to its filterable results in a tabular format (Listing A1—the space separators programmatically generated at lines 17 and 59 using the display/di command, and Figure 2) vs. matrices with two headers (Figure A3, Appendix A). This applies in all cases, meaning when considering two or more variables for these already existing correlation commands.



Another advantage of PCDM over other selection methods (e.g., Stepwise, CVLASSO, RLASSO, or BMA) is given even by its specific way of taking pairs of two variables (the chosen one—e.g., C033 or C033_bin and each of the remaining ones). By doing this and reporting and filtering on the number of not null intersecting observations, PCDM can avoid an annoying error, namely No Observations, r(200) other methods confront (Figure A2, Appendix A). The latter is clearly due to non-existent cases/observations at the intersection of all included variables. Therefore, the impossibility of performing statistical computations and the resulting error is expectable. In such cases, PCDM skips the pairs with such problems by using the error capture clause and error type checking with the aid of the _rc (http://www.stata.com/manuals/perror.pdf, accessed on 1 June 2022) (return code) built-in variable (lines 52 and 53, Listing A1).



The first tests of PCDM concerned a simple scenario (the command used was: pcdm C033 *) with those three hardware configurations already mentioned using only a single logical processor core. The whole exploration of the same WVS dataset took between 85 and 124 s, depending on the hardware used (the second line in Table 1).



PCDM also resisted some tests in another more advanced scenario with the command invoked inside the other one, which is optimized for multi-processing (PCDM4MP, Figure 3) on the same three hardware configurations above. PCDM4MP uses PCDM many times (different sessions of Stata) and consequently involves many data loads. This means that PCDM4MP keeps track of the original location and number of variables of the last dataset loaded in the main session of Stata (Listing A2, Appendix A, lines 18–31), and it will send these details (the “main_do_file.do” multi-processing template/pattern—Listing A2, Appendix A, lines 77 and 84) to automatically triggered sessions. The whole parallel exploration of the same dataset comprised 15 distinct unbalanced tasks/jobs (first column and last line in Table 1 and third column in Table 2) corresponding to the same number of variable groups starting with a distinct letter. It took between 36 and 112 s, between 29 and 38, or between 380 and 421 s, depending on the hardware used and the number of logical processor cores allocated (nalc, lines 3–10, and columns 2, 4, and 6 in Table 1). In most cases, this took more than the theoretical nalc part of the previous amount consumed in the single-core approach (the second line in Table 1 and Table 2). The exception was the unexpected speed-up (more than double) when going from one to two logical cores for the first two configurations. However, the parallel processing was fast enough. For instance, when using the first configuration (Xeon Gold 6240 CascadeLake, on a VM—Table 1, second column), the execution in the best performing parallel approach (four or six logical cores) was almost 3.5 times (=124/36) faster than using a single-core. A lower ratio (~3) was recorded (=85/29) for the second configuration (Core i7 4710HQ, on a PM—Table 1, fourth column). Moreover, we tried to find out if the specific optimum of four or six logical cores is also due to lower transfer speeds beyond a certain number of concurrent reads for the SSD, SCSI, or SATA storage devices used in these tests. The dataset used occupies 553 MB on all NTFS partitions, and we previously optimized the algorithm behind PCDM4MP to load only each vertical chunk (group of variables) used for computing the correlation coefficients and not the entire dataset (“use <var.-list> using <path/dataset-file>” (Listing A2, lines 78–85) instead of just “use <path/dataset-file>” for each different job running on a particular logical core). We noticed that for simultaneous uses of the same storage device (when loading a different part of the same data source into RAM) by each logical CPU (in all tested configurations), an unexpectedly increasing processing time corresponds to increasing parallelism (six or more logical processing cores used). This was more pronounced for the VM (lower CPU frequency and storage devices that involve rotating disks—Table 1, second column) than for the second configuration with a PM (higher CPU frequency and SSDs—Table 1, fourth column). For the latter (based on SSD), the load speed (from disk to RAM) is theoretically divided by the number of concurrent reads, while for the former, this division rule does not apply. This is primarily due to the impossibility of simultaneous access of a read head to several areas on a specific platter of the rotating disc. This translates into dramatic decreases in data loading speed and processing delays. However, in order to eliminate these differences while benefiting from the maximum possible reading speed, we also tested PCDM4MP on the first two configurations using one of the fastest RAM Disk tools, namely ImDisk (https://sourceforge.net/projects/imdisk-toolkit, accessed on 1 June 2022), and two so-called “in RAM” partitions (first—R, of 640 MB, hosting the WVS dataset file, and meant for improving the read speed, and second—Z, of 64 MB, hosting the StataMPtasks temporary folder containing the .do task pattern file, the queue subfolder, and the one with log files, meant for improving the write speeds). As expected, some improvements in the processing time are easily noticeable (Table 1, third and fifth columns). However, its evolution with the increase in the logical parallelism invalidates, beyond a certain threshold (six logical cores, as reported in Table 1), the inverse relationship between the two. To demonstrate that this evolution is not substantially influenced by the behavior of the qsub command on which PCDM4MP is based, we performed an additional simulation (The 6th recorded simulation, namely 6.pcdm-RaaS-IS(15x)RAMdisks-own MPsim without QSUB(same increased time).mp4 (https://drive.google.com/u/0/uc?id=1ij-C4HLXVlAUO-f9yF5Ne4Sr7KrtxLdd&export=download, accessed on 1 June 2022)). It used 15 cores simultaneously (the first hardware configuration and using ImDisk), each for every task of those 15 corresponding to the variable groups. This time the corresponding scripts (namely own_sim-autorun15do_files.do (https://drive.google.com/u/0/uc?id=1rcB1MFN5gDMRKaff11KzFwesrMy8k5Qr&export=download, accessed on 1 June 2022), and own_sim-print15logs.do (https://drive.google.com/u/0/uc?id=1UTNFQb75dFn2oOkEmwUP61t9NEBvTPv90026export=download, accessed on 1 June 2022) together with the folder structure to copy on the target disk (in the archive StataMPtasks.zip (https://drive.google.com/u/0/uc?id=1ZXvnGSPQT4Qi-cTkkpfxBMyl3lplsezh&export=download, accessed on 1 June 2022)) were generated without relying on qsub. The results were comparable to those (Table 1, the last line for columns 2 and 3) obtained using PCDM4MP, which finally invokes qsub. Still, for this case (15 logical cores working in parallel and covering all 15 tasks in one execution round), they are far from the theoretical optimum (the maximum of 28 s for the most consuming job/the last one that ends—task no.5, the fourth column and sixth line in Table 2). The closest value when using the same hardware configuration (1st) is obtained with just four cores (Table 1, the third column and fourth line, namely 32 s).



In both cases above (single-core and parallel processing with up to 15 logical cores used), the results are identical (the file 8xCORES-result.xlsx, https://docs.google.com/spreadsheets/d/1KnDQBT67F1UHJ4rE2HhS2n8yCtXnobgT/view, accessed on 1 June 2022) in all tests performed with this WVS dataset. The latter means 332 still filterable lines (excluding the header) when using a single logical processing unit and the same number of lines above if using many logical cores (bottom of Figure 3). In this second case (parallel processing), the same results emerged after filtering on the first column, preserving only two specific entries, namely, the target variable (C033) and the first part of the header (Outcome(y)), then sorting on both this header part above and another one (Input(X)) and finally removing the header duplicates at the end.



Two similar tests using the corr_var function (the commands inside R(corr_var).txt, https://drive.google.com/file/d/174HdKZ5lJy02lCQUWMfHefQMJJmaRGgl/view, accessed on 1 June 2022) from the Lares package in R, version 4.1.3 x64, and the .rds (R) format of the same dataset took much more time (between 30 and 45 min) when compared with the PCDM (Stata, single-core mode, 85 sec., Table 1, fourth col.). By contrast, both tests using corr_var ended with errors related to memory allocation (Error: cannot allocate vector of size 1.6 MB, Error: cannot allocate vector of size 18.6 GB) even if using the same (second) hardware configuration (Intel Core i7). In terms of resources consumed, corr_var and R used up to 15 GB of RAM (the first test) and 24 GB (the second), while PCDM and Stata just up to 900 MB.



In addition, the Rattle library of R was considered for performing correlations (the explore section). The main drawback consisted of the impossibility to set a target. Rattle was able to identify (Rattle-explore-correl.png, https://drive.google.com/file/d/1MCX6RDe_U3KABm0LOMly7JheV5A5Uzuz/view, accessed on 1 June 2022) only the strongest correlations in the data set (a correlation matrix divided into sections and difficult to follow) without allowing the specification of any option related to a particular variable of interest, number of non-null observations, or significance threshold.



Moreover, in Weka (both versions 3.8.6 and 3.9.6), we selected the CorrelationAttributeEval technique and the Pairwise CorrelationAttributeEval (both requiring the use of a Ranker search method), but these two techniques could not be applied (Weka-correl nominal var.png, https://drive.google.com/file/d/1En5xfrlHgb_ZSfo9SE0nhPMf276MZGWd/view, accessed on 1 June 2022) to any of the nominal and binary forms of the target variable (C033, C033_bin), although the modules have been enabled in the Package Manager and the variables and their values met the requirements (Weka-correl and other req.png, https://drive.google.com/file/d/1GQBqomT7_4EVCBTSjWvUgMgqY7DdKTyK/view, accessed on 1 June 2022). By contrast, the ClassifierAttributeEval (https://drive.google.com/file/d/1RnMZZ4dyenii2gxXlTScQqP8_fEyFh-W/view, accessed on 1 June 2022) (not focused on correlations), which is also using the Ranker search method (on the full training set), was successfully applied, although it lasted tens of minutes using both the first and the second hardware configuration. The same for ClassifierSubsetEval (https://drive.google.com/file/d/1iLkRW3CTwG9j-XuQK6u7OvHeBdgtgsa-/view, accessed on 1 June 2022) (also not focused on correlations) using the GreedyStepwise method and ten folds cross-validation. The last two confirmed the validity of the data set used but not of the two correlation packages in Weka (Explorer application module).



In the case of using larger datasets (e.g., the default maximum number of variables in both versions of Stata used is 5000, and 120,000 as the maximum possible), because the console (results) window should handle a considerable output, a dedicated command (e.g., set scrollbufsize 2048000) to increase it (maximum size in bytes) is needed (https://stats.oarc.ucla.edu/stata/faq/how-can-i-make-the-results-window-hold-more-results, accessed on 1 June 2022).



Some attempts to automatically parallelize the execution of PCDM using another module for multi-processing (the parallel command (https://github.com/gvegayon/parallel, accessed on 1 June 2022) in Stata) succeeded but with different correlation results than in the single-core mode (when using the entire dataset), and this is because the parallel command is optimized to work just with horizontal subsets/data chunks as groups of records but not with vertical ones (groups of fields/variables) as required by PCDM. Or, unless dealing with rare exceptions (an additionally recorded simulation, namely 7.pcdm8xRaaS(exception for parallel).avi (https://drive.google.com/u/0/uc?id=1zoD5ijdOgNQEBW6SO4E93LsQJuBx4bXl&export=download, accessed on 1 June 2022) about the inappropriate use of the parallel module (horizontal splits) via two custom scripts, namely sim.do (https://drive.google.com/file/d/1iIxo2KsYyzEY_gYGh6QQZPUakjwnjirP/view, accessed on 1 June 2022) and parallel_sim.do (https://drive.google.com/file/d/1EF2GqfFh0nBDPMutSUXxVsS1-mn81gUZ/view, accessed on 1 June 2022)), e.g., all non-null records accidentally included in a single horizontal chunk up to the threshold of eight logical cores used for this example of this specific WVS dataset), this approach using the parallel command is doomed to end up with different correlation coefficients than those resulting when considering the whole dataset. Even so, similar parallelization attempts of pwcorr (the command PCDM relies on “pwcorr C033 *, obs sig” instead of “pcdm C033 *” in a .do file) using the parallel command failed (a seemingly endless execution loop). This difference occurred because the atomic tasks in the existing pwcorr command (viewsource pwcorr.ado) are inside some while loops with a priori-unknown iteration space. Therefore, they are hard to parallelize [55]. By contrast, PCDM uses invocations of pwcorr only on pairs of variables (less time consuming and less likely to encounter situations without common observations/“No Observations” error) as most atomic operations in a finite loop with a priori-known iteration space (forvalues—Listing A1, lines 49–63). Under these circumstances, using different Stata instances with distinct classes of variables from the same dataset and resulting from intuitive name filtering (simply using * after one or more than one common initial letter provided) remains a handy and feasible parallelization approach. These are strong arguments in favor of using PCDM and PCDM4MP instead of the consecrated command pwcorr (bottom of Figure A3, the Appendix A) and relying on qsub instead of parallel when it comes to time-consuming data-mining tasks in Stata to parallelize by extracting vertical chunks of data.



The pre-processing responsible for generating the binary form of the variable to analyze before exporting the Stata native .dta format to .csv (necessary for comparatively testing using other tools and techniques) is also available (preProcessingScript.do, https://drive.google.com/u/0/uc?id=1sQNtMANwM3DzP5CAl2u3Io-xD6f5_4xW&export=download, accessed on 1 June 2022, in Figure 1).



The alternative selection stage based on Adaptive Boosting and some tuning parameters [56,57] in the Rattle library of R served the triangulation [58] as a scientific principle. It discovered in a ranked way (Figure 4) the most important variables related to the one to analyze in its binary form (C033_bin).



Additional filters (Figure 5 and the practical example at the end of the fifth recorded simulation, namely 5.pcdm4mp-RaaS-IS(16x).mp4 (https://drive.google.com/u/0/uc?id=1iMdiIwDR_iiVv0C-Le1vF0lROJmvNjJ7&export=download, accessed on 1 June 2022)) on the results obtained in the console further served analysis purposes. Such results came after simple invocations of PCDM for both forms of the outcome (“pcdm C033 *” and “pcdm C033_bin *”) and were previously copied in a spreadsheet file. The first was the exclusion of C033 and C033_bin from the list of values for the input (general common-sense condition). Next came the specification of the first constraint, namely ≥ 0.2 for ACC [59,60]. Another restriction (≥10,000) was a subjective one for the number of observations, meaning ~2/3 or more of the entire support for the variable to analyze (15,968 valid records—top of Figure 6). More, an additional one for the p-values (≤0.001) followed. After checking the results, only the following list of seven strong intersecting influences and corresponding variables emerged: A008, A170, A173, C006, C031, C034, and D002.



The nearest equivalent of the PCDM commands (“pcdm C033 *, minacc(0.2) minn(10000) maxp(0.001)” and “pcdm C033_bin *, minacc(0.2) minn(10000) maxp(0.001)”) for the user-mode visual filters (Figure 5) is also available, and this comes together with the corresponding results. For instance, in Figure 6, both resulting lists except the autocorrelation in the first reported line with values (just below the header as the second one printed in the console, after invoking the PCDM command) and the seventh line with printed values (bottom of Figure 6) showing the correlation with the source variable, namely between C033_bin and C033. The difference of one unit (1045 vs. 1046) between the total amounts of steps needed (Figure 6—corresponding to the total number of variables) is due to the derivation of the binary form of the outcome (lines 3–5 in Figure 1) performed between the first and the second invocation of PCDM. The reason for an additional test clause (if) to remove autocorrelation that is not available in the source script of PCDM is an efficiency-related one. The latter means not oversizing the processing time (already large when using just a single logical processing core and large datasets such as this time series version of WVS).



If further applying CVLASSO and RLASSO selection techniques in many rounds until no loss (2xLASSO.do, https://drive.google.com/u/0/uc?id=1Lw4mjmX1Ua2QDL-aVZxRWxE9dwNi0aRJ&export=download, accessed on 1 June 2022) for both forms of the outcome (C033 and C033_bin), they converge to a shortlist of just five intersecting variables, namely A170, C006, C031, C034, and D002. All these five are also available in the list returned after using the Adaptive Boosting technique in the Rattle library of R (Figure 4). If additionally using BMA (2xBMA.do, https://drive.google.com/u/0/uc?id=1j8uK8EGxLEcroLWIrUsxIiPKEZS9h_Yb&export=download, accessed on 1 June 2022) as Bayesian Model Averaging [17] and considering A008 and A173 as auxiliary predictors, the posterior inclusion probability (pip) for these two seems to be lower than 5%, while for the rest of the predictors is close to 99.99% when considering both forms of the outcome. When considering their pairwise correlation with both formats of the variable to analyze, these two auxiliary predictors are the only ones having an absolute value of the correlation coefficient below 0.3 from the previous list of seven common possible predictors (Figure 5). This value above is considered by many authors [61,62,63] a low one.



Of course, for obtaining robust regression models, further checks are required to eliminate reverse causality (Table A3, rev_cause_checks_logit.do, https://drive.google.com/u/0/uc?id=1cWajOE8ylkoy3gzKdpPBwR4mqqBnuO00&export=download, accessed on 1 June 2022) and collinearity issues (Table A4, collin_rem_and_comp_perf_checks.do, https://drive.google.com/u/0/uc?id=181SbannhNIjr9vgrE6JmsycmNxwL_Fgf&export=download, accessed on 1 June 2022), but not before performing additional derivations for these five variables (Table A1, additional_processing_script.do, https://drive.google.com/u/0/uc?id=1WRwIdmiBM3uBC66c6y-WMwAX74BqSkcV&export=download, accessed on 1 June 2022, and Table A2). However, all previous selections are easy to perform with the aid of PCDM, and this is obvious if comparing this with the scenario when starting from all variables and using only CVLASSO, RLASSO, or BMA in Stata. In the latter case, the corresponding commands will return the same error mentioned above (No observations—BMA_and_LASSO_NoObsErrs.do, https://drive.google.com/u/0/uc?id=1ZHT4Ge7WhPjD8y8qUFK1BYuNK5jyLN7n&export=download, accessed on 1 June 2022). Moreover, PCDM also supports cross-validations on well-established criteria [64] or targeted ones [65,66] via the mix of using both the if statement for filtering the dataset and those three arguments presented above and meant for filtering the correlation results obtained (if_plus_mix_of_if_and_3arg.do, https://drive.google.com/u/0/uc?id=17HNpLZypindqT8hZarZjv3O1B80jn0z3&export=download, accessed on 1 June 2022).



The methodology used in this paper also stands on the scientific principle of triangulation [58,67,68]. The latter means to use various methods, techniques, and tools and obtain results that agree across all of them, for instance, data mining based on pairwise correlation coefficients, Adaptive Boosting, BMA, LASSO variable selection techniques, reverse causality and collinearity checks, different regressions, post-estimations of accuracy and goodness of fit, maximum absolute values for correlation coefficients among influences, and predictors, and dynamic thresholds for variance inflation factors.




4. Conclusions


Although essentially based on pairwise correlations, PCDM and its version for multi-processing (PCDM4MP) are new tools compared with the existing ones (not just in Stata but also in R or Python). Both bring additional functionalities and serve for selecting the most important influences to include in regression and classification models. They also report the exploration progress in real-time depending on the hardware processing power (in most cases, the CPU specifications, and the RAM and storage amount and speed) together with the number of variables existing and specified from a dataset. PCDM4MP also supports parallelism and emulates a cluster environment up to a certain level by triggering different instances of Stata using distinct classes of variables resulting from intuitive name filtering (first letter). The paper also describes this parallel version supporting an approach oriented towards time-consuming data-mining tasks in Stata and some benchmark results against different hardware configurations used for processing. The description includes the automatic generation of a dynamic task pattern, tasks, and logs. The main consequence is that these tools reduce the time needed to generate filterable tabular results based on absolute values of correlation coefficients and their corresponding significance and support, all reported in a record-oriented and transparent manner. In addition, they successfully overcome annoying errors such as „No observations” by their pairs of variables-oriented nature. The paper describes both tools and brings real-world examples of using large datasets to prove the support provided by PCDM and PCDM4MP for exploring reliable influences and even determinants of different variables to analyze.
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Appendix A


	
Listing A1. The source script of PCDM with numbered lines—numbers displayed separately, as when opened with the Stata editor.






1 *! version 1.1 12July2022



2 *Authors: Daniel HOMOCIANU & Dinu AIRINEI



3 *Ex1.: pcdm C033 * *Ex2.: pcdm C033 C031 C034 C036 C037 C038 C039 if S003==840 *Ex3.: pcdm C033 * if S003==840, minacc(0.15) minn(1000) maxp(0.001)



4 program define pcdm



5 version 16.0



6 syntax varlist [if] [, minacc(real 0) minn(real 1) maxp(real 0.05)]



7 local datetime = “`c(current_date)’ `c(current_time)’”



8 di “PCDM STARTED AT: `datetime’”



9 local k : word count `varlist’



10 if `k’ < 2 {



11 di as error “ Error: Provide at least 2 variables!”



12 exit



13 }



14 local y: word 1 of `varlist’



15 local xvarlist: list varlist -y



16 local npred = `k’−1



17 di “Outcome(y) Input(x) Correl.Coef.(CC) Abs.Val.CC(ACC) No.Obs.(Nobs) Signif.(p)”



18 local macc=0



19 local mn=1



20 local mp=0.05



21 if !missing(“`minacc’”) {



22 if `minacc’>=0 & `minacc’<=1 {



23 local macc=`minacc’



24 }



25 else {



26 di as err “Error: parameter minacc(min.ACC) must be >=0 and <=1!”



27 exit



28 }



29 }



30 if !missing(“`minn’”) {



31 if `minn’>=1 {



32 local mn=`minn’



33 }



34 else {



35 di as err “Error: parameter minn(min.Nobs.) must be an integer >=1!”



36 exit



37 }



38 }



39 if !missing(“`maxp’”) {



40 if `maxp’>=0 & `maxp’<=0.05 {



41 local mp=`maxp’



42 }



43 else {



44 di as err “Error: parameter maxp(max.p) must be >=0 and <=0.05!”



45 exit



46 }



47 }



48 local k=0



49 forvalues i = 1(1) `npred’ {



50 local k =`k’ + 1



51 local x : word `i’ of `xvarlist’



52 capture pwcorr `y’ `x’ `if’, sig



53 if _rc==0 {



54 matrix crlv=vec(r(C))



55 local CC=crlv [2,1]



56 local ACC=abs(`CC’)



57 local Nobs = r(N)



58 local p = r(sig) [2,1]



59 if `ACC’>=`macc’ & `p’<=`mp’ & `Nobs’>=`mn’ di “`y’ `x’ `CC’ `ACC’ `Nobs’ `p’”



60 }



61 local perc=int(`k’/`npred’*100)



62 window manage maintitle “Step `k’ of `npred’ (`perc’% done)!”



63 }



64 window manage maintitle “Stata”



65 local datetime = “`c(current_date)’ `c(current_time)’”



66 di “PCDM FINISHED AT: `datetime’”



67 end



	
Listing A2. The source script of PCDM4MP with numbered lines.






1 *! version 1.1 12July2022



2 *Authors: Daniel HOMOCIANU & Dinu AIRINEI



3 *Ex1.: pcdm4mp C033 *Ex2.: pcdm4mp C033, xcpu(4) *Ex3.: pcdm4mp wq727_, xcpu(8) disk(“C”)



4 program define pcdm4mp



5 version 16.0



6 syntax varlist [, xcpu(real 2) disk(string)]



7 local datetime = “`c(current_date)’ `c(current_time)’”



8 di “PCDM4MP STARTED AT: `datetime’”



9 local k : word count `varlist’



10 if `k’ < 1 {



11 di as error “ Error: Provide the target variable!”



12 exit



13 }



14 if `k’>1 {



15 di “ Warning: For MP tasks only the 1st variable (target) will be considered!”



16 }



17 local Y : word 1 of `varlist’



18 ***get the path of the current dataset and its no.of vars.***



19 local dataset=“`c(filename)’”



20 local dsetnvars=`c(k)’+150



21 if `dsetnvars’ < 2048 {



22 local dsetnvars=2048



23 }



24 if `dsetnvars’ > 120,000 {



25 di as error “ Error: The dataset is too large (>120,000 vars.)!”



26 exit



27 }



28 if missing(“`dataset’”) {



29 di as error “ Error: First you must open a dataset!”



30 exit



31 }



32 ***check the CPU config.***



33 local nproc : env NUMBER_OF_PROCESSORS



34 local xc=2



35 if !missing(“`xcpu’”) {



36 if `xcpu’>=2 & `xcpu’<=`nproc’ {



37 local xc=int(`xcpu’)



38 }



39 else {



40 di as error “ Error: Provide at least 2 logical CPU cores (but no more than `nproc’) for MP tasks!”



41 exit



42 }



43 }



44 local dsk=“C”



45 if !missing(“`disk’”) {



46 if “`disk’”<=“z” | “`disk’”<=“Z” {



47 local dsk=“`disk’”



48 }



49 else {



50 di as error “ Error: Provide a valid disk letter!”



51 exit



52 }



53 }



54 di “pcdm4mp will save temporary results at `dsk’:\StataMPtasks and also below!”



55 ***Generating the “main_do_file.do” MP template***



56 local smpt_path=“`dsk’:\StataMPtasks\”



57 shell rd “`smpt_path’”/s/q



58 qui mkdir “`smpt_path’”



59 local full_do_path=“`smpt_path’\main_do_file.do”



60 local q_subdir=“queue”



61 qui mkdir `”`smpt_path’/`q_subdir’”‘



62 local queue_path=“`smpt_path’\`q_subdir’”



63 local l_subdir=“logs”



64 qui mkdir `”`smpt_path’/`l_subdir’”‘



65 local logs_path=“`smpt_path’\`l_subdir’”



66 qui file open mydofile using `”`full_do_path’”‘, write replace



67 file write mydofile “clear all” _n



68 file write mydofile “log using “



69 file write mydofile `”““‘



70 file write mydofile “`logs_path’\log”



71 file write mydofile “`”



72 file write mydofile “1”



73 file write mydofile “‘“



74 file write mydofile “.txt”



75 file write mydofile `”““‘



76 file write mydofile “, text” _n



77 file write mydofile “set maxvar `dsetnvars’” _n



78 file write mydofile “use `Y’ “



79 file write mydofile “`”



80 file write mydofile “2”



81 file write mydofile “‘“



82 file write mydofile “* using “



83 file write mydofile `”““‘



84 file write mydofile “`dataset’”



85 file write mydofile `”““‘ _n



86 file write mydofile “pcdm “



87 file write mydofile “`Y’ “



88 file write mydofile “`”



89 file write mydofile “2”



90 file write mydofile “‘“



91 file write mydofile “* “ _n



92 file write mydofile “log close”



93 qui file close mydofile



94 ***Finding the Stata dir.***



95 local _sys=“`c(sysdir_stata)’”



96 local exec : dir “`_sys’” files “Stata*.exe” , respect



97 foreach exe in `exec’ {



98 if inlist(“`exe’”,”Stata.exe”,”Stata-64.exe”,”StataMP.exe”,”StataMP-64.exe”,”StataSE.exe”,”StataSE-64.exe”) {



99 local curr_st_exe `exe’



100 continue, break



101 }



102 }



103 local st_path=“`_sys’”+”`curr_st_exe’”



104 capture confirm file `”`_sys’`curr_st_exe’”‘



105 if _rc !=0 {



106 di as error “Stata’s sys dir and executable NOT found!”



107 exit



108 }



109 else {



110 di “!!!Stata’s sys dir and executable found: `st_path’ !!!”



111 }



112 ***Creating and configuring .do files***



113 clear all



114 set maxvar `dsetnvars’



115 use `dataset’



116 local k=0



117 foreach letter in `c(alpha)’ & `c(ALPHA)’ {



118 if “`letter’”<=“z” | “`letter’”<=“Z” {



119 capture ds `letter’*



120 if !_rc {



121 local k =`k’ + 1



122 if `k’<10 {



123 qui file open mydofile using `queue_path’\job0`k’.do, write replace



124 qui file write mydofile `”do “`dsk’:\StataMPtasks\main_do_file.do” 0`k’ `letter’”‘



125 }



126 if `k’>=10 {



127 qui file open mydofile using `queue_path’\job`k’.do, write replace



128 qui file write mydofile `”do “`dsk’:\StataMPtasks\main_do_file.do” `k’ `letter’”‘



129 }



130 file close mydofile



131 }



132 }



133 }



134 ***Allocating .do tasks to CPU using qsub v.13.1 (06/10/2015), created by Adrian Sayers.***



135 *ssc install qsub, replace



136 if `xc’>`k’ {



137 local xc=`k’



138 }



139 qsub , jobdir(`queue_path’) maxproc(`xc’) statadir(`st_path’) deletelogs



140 ***Printing logs for all .do tasks in the main session’s console***



141 local mylogs : dir “`logs_path’” files “*.txt”



142 local k=0



143 foreach entry in `mylogs’ {



144 local k =`k’ + 1



145 if `k’<10 {



146 type “`logs_path’\log0`k’.txt”



147 }



148 if `k’>=10 {



149 type “`logs_path’\log`k’.txt”



150 }



151 }



152 local datetime = “`c(current_date)’ `c(current_time)’”



153 di “PCDM4MP FINISHED AT: `datetime’”



154 end
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Figure A1. Errors when not providing enough variables or exceeding the minimum/maximum thresholds of those three PCDM parameters. Notes: The same as the first two in Figure 2. 






Figure A1. Errors when not providing enough variables or exceeding the minimum/maximum thresholds of those three PCDM parameters. Notes: The same as the first two in Figure 2.



[image: Mathematics 10 02671 g0a1]







[image: Mathematics 10 02671 g0a2 550] 





Figure A2. Discovery limitations when using the cvlasso, rlasso, and bma commands in Stata. Note: The same as the first one in Figure 2. 
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Figure A3. Discovery and filtering limitations when using the correlate and pwcorr commands in Stata. Notes: The same as the first two in Figure 2. The “e” followed by plus (“+”) and numbers indicate the E notation corresponding to the scientific one (4.3e+05 is actually 4.3 × 105). 
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Table A1. The outcome and the most resilient five possible predictors selected after using PCDM, LASSO, and BMA.
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	Variable
	Question
	Coding





	C033
	Job satisfaction—DEPENDENT VARIABLE
	1-Dissatisfied … 10-Satisfied



	C033_bin
	Job satisfaction (binary format)—DEPENDENT VARIABLE
	1 if C033!=. & C033>=6

0 if C033!=. & C033<6 & C033>0



	A170
	Satisfaction with your life
	1-Dissatisfied … 10-Satisfied



	A170_bin
	Satisfaction with your life (binary format)
	1 if A170!=. & A170>=6

0 if A170!=. & A170<6 & A170>0



	C006
	Satisfaction with the financial situation of household
	1-Dissatisfied … 10-Satisfied



	C006_bin
	Satisfaction with the financial situation of household (binary format)
	1 if C006!=. & C006>=6

0 if C006!=. & C006<6 & C006>0



	C031
	Degree of pride in your work
	1-A great deal … 4-None



	C031_bin
	Degree of pride in your work (binary format)
	1 if C031!=. & C031<=2 & C031>0

0 if C031!=. & C031>2



	C034
	Freedom of decision taking in the job
	1-Not at all … 10-A great deal



	C034_bin
	Freedom of decision taking in the job (binary format)
	1 if C034!=. & C034>=6

0 if C034!=. & C034<6 & C034>0



	D002
	Satisfaction with home life
	1-Dissatisfied … 10-Satisfied



	D002_bin
	Satisfaction with home life (binary format)
	1 if D002!=. & D002>=6

0 if D002!=. & D002<6 & D002>0







Source: WVS data and own calculations in Stata using the following commands: label list, generate, and replace.
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Table A2. Descriptive statistics for the variable to analyze and those most resilient five possible predictors selected after using PCDM, LASSO, and BMA.
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	Variable
	N
	Mean
	Std.Dev.
	Min
	Median
	Max





	C033
	15,968
	7.27
	2.31
	1
	8
	10



	C033_bin
	15,968
	0.77
	0.42
	0
	1
	1



	A170
	420,669
	6.7
	2.42
	1
	7
	10



	A170_bin
	420,669
	0.69
	0.46
	0
	1
	1



	C006
	411,461
	5.75
	2.58
	1
	6
	10



	C006_bin
	411,461
	0.54
	0.5
	0
	1
	1



	C031
	14,988
	1.73
	0.87
	1
	2
	4



	C031_bin
	14,988
	0.51
	0.5
	0
	1
	1



	C034
	17,900
	6.54
	2.79
	1
	7
	10



	C034_bin
	17,900
	0.65
	0.48
	0
	1
	1



	D002
	25,653
	7.72
	2.24
	1
	8
	10



	D002_bin
	25,653
	0.83
	0.38
	0
	1
	1







Source: Own calculations in Stata using the univar command.
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Table A3. Reverse causality checks using binary logistic regressions for job satisfaction and each potential predictor from those five resulting after using PCDM, LASSO, and BMA.






Table A3. Reverse causality checks using binary logistic regressions for job satisfaction and each potential predictor from those five resulting after using PCDM, LASSO, and BMA.





	
Model

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)

	
(8)

	
(9)

	
(10)




	
Predictors/Response var.

	
C033_bin

	
A170_bin

	
C033_bin

	
C006_bin

	
C033_bin

	
C031_bin

	
C033_bin

	
C034_bin

	
C033_bin

	
D002_bin






	
A170

	
0.3973 ***

	

	

	

	

	

	

	

	

	




	

	
(0.0097)

	

	

	

	

	

	

	

	

	




	
C006

	

	

	
0.3300 ***

	

	

	

	

	

	

	




	

	

	

	
(0.0084)

	

	

	

	

	

	

	




	
C031

	

	

	

	

	
−1.2461 ***

	

	

	

	

	




	

	

	

	

	

	
(0.0263)

	

	

	

	

	




	
C034

	

	

	

	

	

	

	
0.3233 ***

	

	

	




	

	

	

	

	

	

	

	
(0.0077)

	

	

	




	
D002

	

	

	

	

	

	

	

	

	
0.3264 ***

	




	

	

	

	

	

	

	

	

	

	
(0.0092)

	




	
C033

	

	
0.3480 ***

	

	
0.3049 ***

	

	
0.5306 ***

	

	
0.3800 ***

	

	
0.3360 ***




	

	

	
(0.0089)

	

	
(0.0081)

	

	
(0.0118)

	

	
(0.0088)

	

	
(0.0096)




	
_cons

	
−1.3840 ***

	
−1.2868 ***

	
−0.5840 ***

	
−1.8448 ***

	
3.5825 ***

	
−1.8024 ***

	
−0.7322 ***

	
−1.9542 ***

	
−1.1913 ***

	
−0.6141 ***




	

	
(0.0646)

	
(0.0618)

	
(0.0473)

	
(0.0604)

	
(0.0576)

	
(0.0729)

	
(0.0475)

	
(0.0638)

	
(0.0690)

	
(0.0644)




	
N

	
15,848

	
15,848

	
15,811

	
15,811

	
14,900

	
14,900

	
15,811

	
15,811

	
15,752

	
15,752




	
chi2

	
1681.6969

	
1511.4602

	
1558.7477

	
1406.8425

	
2237.2495

	
2034.7577

	
1771.5264

	
1851.9322

	
1253.1181

	
1212.2401




	
p

	
0.0000

	
0.0000

	
0.0000

	
0.0000

	
0.0000

	
0.0000

	
0.0000

	
0.0000

	
0.0000

	
0.0000




	
pseudo R2

	
0.1258

	
0.1060

	
0.1046

	
0.0800

	
0.1833

	
0.2168

	
0.1244

	
0.1204

	
0.0880

	
0.0993




	
AUCROC

	
0.7443

	
0.7129

	
0.7272

	
0.6797

	
0.7667

	
0.8095

	
0.7377

	
0.7280

	
0.6912

	
0.7193




	
AIC

	
14,832.3486

	
15,908.2089

	
15,176.6194

	
19,733.4346

	
13,249.4465

	
10,656.0603

	
14,786.6602

	
17,607.5324

	
15,391.2067

	
12,641.8199




	
BIC

	
14,847.6902

	
15,923.5505

	
15,191.9563

	
19,748.7715

	
13,264.6647

	
10,671.2786

	
14,801.9971

	
17,622.8693

	
15,406.5362

	
12,657.1493








Source: Own calculations in Stata. Notes: Robust standard errors are between parentheses; all raw coefficients above parentheses emphasized using *** are significant at 1‰; green vs. red means better comparative performance and variables that are more likely to be predictors (green in the 1st column) rather than response ones (red).
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Table A4. Comparative regression models for predicting job satisfaction (C033_bin) after removing reverse causality and collinearity issues and performing additional checks.
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Model

	
(1)

	
(2)

	
(3)

	
(4)

	
(5)

	
(6)

	
(7)

	
(8)

	
(9)

	
(10)

	
(11)

	
(12)




	
Regression Type

	
logit

	
OLS

	
logit

	
OLS

	
logit

	
logit

	
OLS

	
OLS

	
logit

	
logit

	
OLS

	
OLS




	
Filter Condition

	
N/A

	
N/A

	
N/A

	
N/A

	
if C006!=.

	
if A170!=.

	
if C006!=.

	
if A170!=.

	
N/A

	
N/A

	
N/A

	
N/A






	
Predictors/Response var.

	
C033_bin




	
A170

	
0.1867 ***

	
0.0258 ***

	
0.2667 ***

	
0.0416 ***

	
0.3433 ***

	

	
0.0535 ***

	

	
0.3441 ***

	

	
0.0536 ***

	




	

	
(0.0132)

	
(0.0018)

	
(0.0111)

	
(0.0017)

	
(0.0103)

	

	
(0.0016)

	

	
(0.0102)

	

	
(0.0015)

	




	
C006

	
0.1423 ***

	
0.0169 ***

	
0.1851 ***

	
0.0254 ***

	

	
0.2780 ***

	

	
0.0409 ***

	

	
0.2776 ***

	

	
0.0409 ***




	

	
(0.0115)

	
(0.0015)

	
(0.0102)

	
(0.0014)

	

	
(0.0092)

	

	
(0.0013)

	

	
(0.0091)

	

	
(0.0013)




	
C031

	
−0.9285 ***

	
−0.1497 ***

	

	

	

	

	

	

	

	

	

	




	

	
(0.0294)

	
(0.0044)

	

	

	

	

	

	

	

	

	

	




	
C034

	
0.1925 ***

	
0.0260 ***

	
0.2579 ***

	
0.0394 ***

	
0.2784 ***

	
0.2765 ***

	
0.0432 ***

	
0.0449 ***

	
0.2791 ***

	
0.2768 ***

	
0.0433 ***

	
0.0451 ***




	

	
(0.0093)

	
(0.0013)

	
(0.0084)

	
(0.0013)

	
(0.0083)

	
(0.0081)

	
(0.0013)

	
(0.0013)

	
(0.0083)

	
(0.0081)

	
(0.0013)

	
(0.0013)




	
D002

	
0.0907* **

	
0.0137 ***

	

	

	

	

	

	

	

	

	

	




	

	
(0.0127)

	
(0.0019)

	

	

	

	

	

	

	

	

	

	




	
_cons

	
−0.8378 ***

	
0.4666 ***

	
−3.1023 ***

	
0.0649 ***

	
−2.7134 ***

	
−1.9714 ***

	
0.1076 ***

	
0.2276 ***

	
−2.7222 ***

	
−1.9723 ***

	
0.1061 ***

	
0.2267 ***




	

	
(0.1301)

	
(0.0208)

	
(0.0866)

	
(0.0127)

	
(0.0813)

	
(0.0672)

	
(0.0126)

	
(0.0112)

	
(0.0810)

	
(0.0669)

	
(0.0125)

	
(0.0111)




	
N

	
14,375

	
14,375

	
15,576

	
15,576

	
15,576

	
15,576

	
15,576

	
15,576

	
15,705

	
15,671

	
15,705

	
15,671




	
chi2

	
2803.3215

	

	
2541.0448

	

	
2376.3159

	
2285.7133

	

	

	
2400.0313

	
2306.7919

	

	




	
p

	
0.0000

	
0.0000

	
0.0000

	
0.0000

	
0.0000

	
0.0000

	
0.0000

	
0.0000

	
0.0000

	
0.0000

	
0.0000

	
0.0000




	
R2

	

	
0.3060

	

	
0.2279

	

	

	
0.2101

	
0.1900

	

	

	
0.2111

	
0.1906




	
pseudo R2

	
0.2966

	

	
0.2231

	

	
0.2021

	
0.1842

	

	

	
0.2030

	
0.1846

	

	




	
RMSE

	

	
0.3519

	

	
0.3668

	

	

	
0.3710

	
0.3757

	

	

	
0.3710

	
0.3759




	
maxAbsVPMCC

	
0.5211

	
0.5211

	
0.4696

	
0.4696

	
0.2763

	
0.2754

	
0.2763

	
0.2754

	
0.2765

	
0.2759

	
0.2765

	
0.2759




	
OLSmaxAcceptVIF

	

	
1.4410

	

	
1.2951

	

	

	
1.2659

	
1.2346

	

	

	
1.2676

	
1.2355




	
OLSmaxComputVIF

	

	
1.5793

	

	
1.3203

	

	

	
1.0872

	
1.0878

	

	

	
1.0873

	
1.0882




	
AUCROC

	
0.8532

	

	
0.8166

	

	
0.8022

	
0.7919

	

	

	
0.8028

	
0.7922

	

	




	
AIC

	
10,973.3805

	
10,770.2185

	
12,902.2457

	
12,963.9656

	
13,249.4442

	
13,546.3796

	
13,317.1563

	
13,707.6119

	
13,353.6160

	
13,640.0974

	
13,423.0338

	
13,806.9150




	
BIC

	
11,018.8200

	
10,815.6580

	
12,932.8596

	
12,994.5796

	
13,272.4047

	
135,69.3401

	
13,340.1168

	
13,730.5724

	
13,376.6012

	
13,663.0761

	
13,446.0190

	
13,829.8937








Source: Own calculations in Stata. Notes: Robust standard errors are between parentheses; all raw coefficients above parentheses emphasized using *** are significant at 1‰; green vs. red indicates better comparative performance and, consequently, better models; red alone indicates unacceptable collinearity (OLSmaxComputVIF>OLSmaxAcceptVIF) or moderate correlation between predictors (maxAbsVPMCC).
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Figure 1. Stata script used for generating and checking the values of the binary alternative of the outcome (C033_bin) and exporting the dataset as.csv using numeric values instead of labels. 
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Figure 2. Simple usage scenario involving a single logical processing core (PCDM) with the real-time reporting of execution progress for a 1045 variables dataset (WVS). Notes: The asterisk (*) stands for all variables in the dataset. The first dot (.) is automatically generated by Stata after entering the command (pcdm C033 *). The subsequent occurrences of dots (PCDM’s feedback in Stata’s console) followed by numerical values indicate zeros (0) followed by their decimal parts (e.g., .065 is actually 0.065 while -.1175 is actually −0.1175). The “e” followed by the minus (“−”) and numbers indicate the E notation corresponding to the scientific one (1.4e-16 is actually 1.4 × 10−16). 
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Figure 3. More advanced usage scenario involving its version for multi-processing (PCDM4MP) and six logical processing cores on the 2nd hardware configuration described in this paper (Table 1, 4th column). Notes: Only the first two commands (those two lines starting with “use” and “pcdm4mp”) are the responsibility of the user, while the rest is feedback from the PCDM4MP command in Stata’s console. Otherwise, the same notes as in Figure 2. 
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Figure 4. Alternative results as obtained using the Adaptive Boosting technique in the Rattle library of R. 
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Figure 5. Seven intersecting results after two selection rounds using PCDM in its simple format for both forms of the outcome and further visual filters in spreadsheet tools (Microsoft Office Excel). Note: The “E” followed by the minus (“−”) and numbers indicate the E notation corresponding to the scientific one (2.45E-269 is actually 2.45 × 10−269). 
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Figure 6. Similar intersecting results using PCDM on a single logical processing core for both forms of the outcome and all three optional arguments for specifying the minimum/maximum limits. Notes: The same as in Figure 2. 
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Table 1. The best execution time (approximation in sec.) of PCDM and PCDM4MP for different hardware configurations on WVS data.
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	Platform/

No.of Allocated Logical Cores (nalc)
	Intel Xeon Gold 6240 CascadeLake,

2.6 GHz (VM),

SCSI Disk
	Intel Xeon Gold 6240 CascadeLake,

2.6 GHz (VM),

ImDisk

RAMdisk
	Intel Core i7

4710HQ,

3.5 GHz (PM),SSD
	Intel Core i7

4710HQ,

3.5 GHz (PM), ImDisk

RAMdisk
	Atom N550,

1.5 GHz

(PM),

SATA HDD





	1 (PCDM)
	124 (between 00:02:32 as hh:mm:ss and 00:04:36 in the 3rd recorded simulation, namely 3.pcdm-RaaS-IS(1x).mp4 *)
	115 **
	85
	85
	800



	2
	51
	50 ***
	38
	36
	421



	4
	36
	32
	29
	27
	380



	6
	36
	33 (between 00:04:23 and 00:04:56 in the 4th recorded simulation, namely 4.pcdm4mp-RaaS-IS(6x)RAMdisks.mp4 ****)
	30
	28
	N/A



	8
	66
	47
	31
	29
	N/A



	10
	69
	64
	N/A
	N/A
	N/A



	12
	85
	74
	N/A
	N/A
	N/A



	14
	94
	86
	N/A
	N/A
	N/A



	16 (15 really used)
	112 (between 00:02:08 and 00:04:00 in the 5th recorded simulation, namely 5.pcdm4mp-RaaS-IS(16x).mp4 *****)
	92
	N/A
	N/A
	N/A







Source: own measurements in Stata 16.0. * https://drive.google.com/u/0/uc?id=1W9HUQXhSPifuVtFCLEbK_ms-yY0r6uIy&export=download, accessed on 1 June 2022. ** https://drive.google.com/file/d/1cxIoCapmS9OcEsI5pGL5rVu6ShHulR6s/view, accessed on 1 June 2022. *** https://drive.google.com/file/d/1oyZ_pp9SU_G9TIQ1fPFxVN9_EODBb1xj/view, accessed on 1 June 2022. **** https://drive.google.com/u/0/uc?id=1hN09Shya_-W-B9MYjE6mp7ErvoYy45BX&export=download, accessed on 1 June 2022. ***** https://drive.google.com/u/0/uc?id=1iMdiIwDR_iiVv0C-Le1vF0lROJmvNjJ7&export=download, accessed on 1 June 2022.
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Table 2. The best execution time (approximation in sec.) of PCDM (single logical core) on variable chunks as depending on the starting letter in the name.
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	Task

No.
	Var.Chunk

(Starting Letter

in var. Names)
	No.of.Vars.

in the Chunk
	Processing Time

(Xeon CPU, 1st Config.)
	Processing Time

(Core i7 CPU, 2nd Config.)
	Processing Time

(Atom CPU, 3rd Config.)





	1
	A
	204
	25
	20
	173



	2
	B
	25
	2
	2
	14



	3
	C
	43
	6
	5
	45



	4
	D
	56
	6
	6
	49



	5
	E
	305
	28
	21
	184



	6
	F
	129
	22
	13
	117



	7
	G
	124
	13
	9
	88



	8
	H
	30
	1
	1
	10



	9
	I
	2
	0
	0
	1



	10
	S
	20
	4
	3
	27



	11
	T
	1
	0
	0
	1



	12
	V
	7
	0
	0
	2



	13
	W
	11
	1
	1
	3



	14
	X
	51
	7
	6
	50



	15
	Y
	37
	8
	6
	58



	Total
	-
	1045
	123
	93
	822







Source: own measurements in Stata 16.0.
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CO33 YO1l1B -0.211512282 (2131012282 R 4 96E-157

A B 4 D E F
Qutcomely) _|Input(x) +|Correl.Coef.(CC) . Abs.Val.CC{ACC) +No.Obs.{Nobs) . Signif.p) =«
C033_bin A008 -0.232290544 0.232290544 15566  9.35E-190
C033 bin Al70 0.371341451 0.371341451 15848 0
C033_bin Al73 0.220887675 0.220887675 15680  1.46E-172
C033_bin C006 0.332663899 0.332663899 15811 0
C033_bin C031 -0.458191035 0.458191035 14900 0
C033 _bin C034 0.367811471 0.367811471 15811 0
C033_bin D002 0.317981159 0.317981159 15752 0






media/file19.png
B Step 1028 of 1045 (98% done)!

. pcdm C033 *, minacc(0.2) minn(10000) maxp(0.001)

PCDM STARTED AT: 13 Jul 2022 19:54:25

Outcome(y) Input(x) Correl.Coef.(CC) Abs.Val.CC(ACC) No.Obs. (Nobs) Signif. (p)
C033 C033 1 1 15968 0

C033 RO08 -.2755994730977741 .2755994730977741 15566 2.4483397588e-269
-.2150347801846756 .2150347801846756 14907 1.7874437186e-155
.4483672068977215 .4483672068977215 15848 0

.2672814316450887 .2672814316450887 15680 1.1006740074e-254
.3925383930849773 .3925383930849773 15811 0

C033 RO09
C033 A170
C033 A173
C033 Co06

C033 Co31

C033 Co34
C033 D002
C033 G006
C033 Y010

C033 Y011B

-.5482670820922808 .5482670820922808 14900 0

.4571454278571684 .4571454278571684 15811 0
.3937198481079467 .3937198481079467 15752 0
-.2116383085172748 .2116383085172748 15576 3.2109462604e-157
-.2051391361075186 .2051391361075186 15782 1.4809132019%9e-149

-.2115122819215375 .2115122819215375 15576 4.9623862595e~-157

B Step 1031 of 1046 (98% done)!

. pcdm C033 bin *, minacc(0.2) minn(10000) maxp(0.001)

PCDM STARTED AT: 13 Jul 2022 19:59:31

Outcome(y) Input(x) Correl.Coef.(CC) Abs.Val.CC(ACC) No.Obs. (Nobs) Signif. (p)
C033 bin 1 1 15968 0

€033 bin
€033 bin
€033 bin
€033 bin
€033 bin
€033 bin
€033 bin
€033 bin

RO08
A170
A173
Coo6
Co31
Co033
Co34

C033 bin D002

~-.232290543667879 .232290543667879 15566 9.3544696657e-190
.3713414509951425 .3713414509951425 15848 0
.2208876754370472 .2208876754370472 15680 1.4569651684e-172
.3326638992620965 .3326638992620965 15811 0
-.4581910353863503 .4581910353863503 14900 0
.808171867304273 .808171867304273 15968 0

.3678114712674731 .3678114712674731 15811 0
«3179811593728175 .3179811593728175 157152 0
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ﬂ FAWAS TimeSenes_stata v1_6.dta

. correlate C033 *

no observations

r(2000);

. pwcorr C033 *

C033 5002 2007
C033 1.0000
S002 . 1.0000
=003 0.0099 0.0080
5006 0.0653 0.0739
S007 0.0099 0.0045 1.0000
. pwcorr C033 *, obhs sig
C033 5002 S007
C033 1.0000
15968
3002 1.0000
15968 4.3e+05
5003 0.0099 0.0080
0.2108 0.0000
15968 4.3e+05
5006 0.0653 0.0739
0.0000 0.0000
15968 4.3e+05
5007 0.0099 0.0045 1.0000
0.2108 0.0032
15968 4.3e+05 4.3e+05






