
Algorithmic Verification of Procedural 
Programs in the Presence of  Code 

Variability

Siavash Soleimanifard	


!

School of Computer Science and Communication	


KTH Royal Institute of Technology	



Stockholm

Doctoral Thesis Presentation	


19 September 2014



	

 Problem Statement
Goal 

• Algorithmic and practical verification	



Properties 

• Temporal properties (we focus on safety 
properties)	



Systems under consideration 

• Sequential procedural programs with 
unbounded recursive calls	



• In the presence of code variability



	

 Variability Scenarios
Incomplete Programs 

• E.g., open platforms	



Mobile Code 

• E.g., add-ons, extensions 	



Code Evolution 

• E.g., application updates, self adaptive systems	



Multiple Implementations 

• E.g., product families



*/	


 public class FileManager extends HttpServlet implements Servlet{	


   static final long serialVersionUID = 1L;	

!
   private final static String COMMAND = "command";	

!
   private final static String PARAM1 = "param1";	

!
   private final static String PARAM2 = "param2";	

!
   private final static String PARAM3 = "param3";	

!
   private final static String PARAM4 = "param4";	

!
   private final static String PROJECT_PATHS = "projectPaths";	

!
   private final static String HOSTED_PROJECT_PATHS = "hostedProjectPaths";	

!
   private final static String ZIP_DIRECTORY = "archives";	

!
        /* (non-Java-doc)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


         * @see javax.servlet.http.HttpServlet#doGet(HttpServletRequest request, HttpServletResponse response)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             	


         */	


        protected void doGet(HttpServletRequest request, HttpServletResponse response) throws ServletException, IOException {	


                String command = request.getParameter(COMMAND);	


                if(command.equals("retrieveFile")){	


                        response.getWriter().write(this.retrieveFile(request));	


                }	


        }	

!
        /* (non-Java-doc)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


         * @see javax.servlet.http.HttpServlet#doPost(HttpServletRequest request, HttpServletResponse response)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            	


         */	


        protected void doPost(HttpServletRequest request, HttpServletResponse response) throws ServletException, IOException {	


                String command = request.getParameter(COMMAND);	

!
                if(command!=null){	


                        if(command.equals("createProject")){	


                                response.getWriter().write(this.createProject(request));	


                        } else if(command.equals("projectList")){	


                                response.getWriter().write(this.getProjectList(request));	


                        } else if(command.equals("hostedProjectList")){	


                                response.getWriter().write(this.getHostedProjectList(request));	


                        } else if(command.equals("retrieveFile")){	


                                response.getWriter().write(this.retrieveFile(request));	


                        } else if(command.equals("updateFile")){	


                                response.getWriter().write(this.updateFile(request));	


                        } else if(command.equals("createNode")){	


                                response.getWriter().write(this.createNode(request));	


                        } else if(command.equals("createSequence")){	


                                response.getWriter().write(this.createSequence(request));	


                        } else if(command.equals("exportProject")){	


                                this.exportProject(request, response);	


                        } else if(command.equals("removeFile")){	


                                response.getWriter().write(this.removeFile(request));	


                        } else if(command.equals("updateAudioFiles")) {	


                                response.getWriter().write(this.updateAudioFiles(request, response));	


                        } else if(command.equals("special")){	


                                this.processSpecial(request, response);	


                        } else if(command.equals("specialToo")){	


                                this.specialToo(request, response);	


                        } else {	


                                throw new ServletException("This servlet does not understand this command: " + command);	


                        }	


                } else if(ServletFileUpload.isMultipartContent(request)){	


                        response.setContentType("text/html; charset=UTF-8");	


                        try{	


                                this.importProject(request);	


                                response.getWriter().print("success");	


                        } catch(Exception e){	


                                e.printStackTrace();	


                                response.getWriter().write("failed");	


                        }	


                } else {	



!
import java.io.*;	


import javax.servlet.ServletException;	

!
import vle.*;	


//import utils.*;                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          	

!
public class ContainerModel {	

!
    public void dispatcher(String arg) {	


        // modeling the request by the input argument                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      	


        String request = arg;	


        /* modeling the instantiation of the container by                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


           creating objects of servlets                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    	


           The mapping is extracted from web.xml file                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      	


        */	


        try {	


            VLEGetData vlegetdata = new VLEGetData();	


            VLEPostData vlepostdata = new VLEPostData();	


            VLEPostJournalData vlepostjournaldata = new VLEPostJournalData();	


            VLEGetJournalData vlegetjournaldata = new VLEGetJournalData();	


            VLEGetAnnotations vlegetannotations = new VLEGetAnnotations();	


            VLEPostAnnotations vlepostannotations = new VLEPostAnnotations();	


            VLEGetFlag vlegetflag = new VLEGetFlag();	


            VLEPostFlag vlepostflag = new VLEPostFlag();	


            VLEView vleview = new VLEView();	


            VLEConfig vleconfig = new VLEConfig();	


            VLEGetUser vlegetuser = new VLEGetUser();	

!
            // these are constructors of utils classes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     	


            /*EchoPostData echopostdata = new EchoPostData();                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              	


            FileManager filemanager = new FileManager();                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   	


            TTS tts = new TTS(""); */	

!
            /* modeling the container calls by a while loop                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                	


               useful when there is request dispatching and                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                	


               forwarding                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


            */	


            while (true) {	


                if (request.equals("vlegetdata")) { vlegetdata.doGet(null, null); }	


                if (request.equals("vlepostdata")) { vlepostdata.doPost(null, null); }	


                if (request.equals("vlegetjournaldata")) { vlegetjournaldata.doGet(null, null); }	


                if (request.equals("vlepostjournaldata")) { vlepostjournaldata.doPost(null, null); }	


                if (request.equals("vlegetannotations")) { vlegetannotations.doGet(null, null); }	


                if (request.equals("vlepostannotations")) { vlepostannotations.doPost(null, null); }	


                if (request.equals("vlegetflag")) { vlegetflag.doGet(null, null); }	


                if (request.equals("vlepostflag")) { vlepostflag.doPost(null, null); }	


                if (request.equals("vleview")) { vleview.doGet(null, null); }	


                /* if (request.equals("vleconfig")) {                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      	


                    vleconfig.doGet(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           	


                    //vleconfig.doPost(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        	


                }                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          	


                if (request.equals("vleconfig")) {                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         	


                    vlegetuser.doGet(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          	


                    //vlegetuser.doPost(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       	


                } */	

!
                // these are calls to utils classes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        	


                /* if (request.equals("tts")) { tts.saveToFile("file"); }                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


                if (request.equals("echopostdata")) {                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      	


                    echopostdata.doGet(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        	


                    echopostdata.doPost(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       	


                    } */	


                /* if (request.equals("filemanager")) {                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    	


                    filemanager.doGet(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         	


                    filemanager.doPost(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        	


                    } */	

!
                // this is to break the loop if the request is not going be dispatched                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     	


                if (! request.equals("forward")) { break; }	


            }	

!
            /* modeling the container calls by a if conditions                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             	


               useful when there is no request dispatching and                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             	



	

 Variability
*/	


 public class FileManager extends HttpServlet implements Servlet{	


   static final long serialVersionUID = 1L;	

!
   private final static String COMMAND = "command";	

!
   private final static String PARAM1 = "param1";	

!
   private final static String PARAM2 = "param2";	

!
   private final static String PARAM3 = "param3";	

!
   private final static String PARAM4 = "param4";	

!
   private final static String PROJECT_PATHS = "projectPaths";	

!
   private final static String HOSTED_PROJECT_PATHS = "hostedProjectPaths";	

!
   private final static String ZIP_DIRECTORY = "archives";	

!
        /* (non-Java-doc)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


         * @see javax.servlet.http.HttpServlet#doGet(HttpServletRequest request, HttpServletResponse response)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             	


         */	


        protected void doGet(HttpServletRequest request, HttpServletResponse response) throws ServletException, IOException {	


                String command = request.getParameter(COMMAND);	


                if(command.equals("retrieveFile")){	


                        response.getWriter().write(this.retrieveFile(request));	


                }	


        }	

!
        /* (non-Java-doc)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


         * @see javax.servlet.http.HttpServlet#doPost(HttpServletRequest request, HttpServletResponse response)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            	


         */	


        protected void doPost(HttpServletRequest request, HttpServletResponse response) throws ServletException, IOException {	


                String command = request.getParameter(COMMAND);	

!
                if(command!=null){	


                        if(command.equals("createProject")){	


                                response.getWriter().write(this.createProject(request));	


                        } else if(command.equals("projectList")){	


                                response.getWriter().write(this.getProjectList(request));	


                        } else if(command.equals("hostedProjectList")){	


                                response.getWriter().write(this.getHostedProjectList(request));	


                        } else if(command.equals("retrieveFile")){	


                                response.getWriter().write(this.retrieveFile(request));	


                        } else if(command.equals("updateFile")){	


                                response.getWriter().write(this.updateFile(request));	


                        } else if(command.equals("createNode")){	


                                response.getWriter().write(this.createNode(request));	


                        } else if(command.equals("createSequence")){	


                                response.getWriter().write(this.createSequence(request));	


                        } else if(command.equals("exportProject")){	


                                this.exportProject(request, response);	


                        } else if(command.equals("removeFile")){	


                                response.getWriter().write(this.removeFile(request));	


                        } else if(command.equals("updateAudioFiles")) {	


                                response.getWriter().write(this.updateAudioFiles(request, response));	


                        } else if(command.equals("special")){	


                                this.processSpecial(request, response);	


                        } else if(command.equals("specialToo")){	


                                this.specialToo(request, response);	


                        } else {	


                                throw new ServletException("This servlet does not understand this command: " + command);	


                        }	


                } else if(ServletFileUpload.isMultipartContent(request)){	


                        response.setContentType("text/html; charset=UTF-8");	


                        try{	


                                this.importProject(request);	


                                response.getWriter().print("success");	


                        } catch(Exception e){	


                                e.printStackTrace();	


                                response.getWriter().write("failed");	


                        }	


                } else {	



http://web.xml


*/	


 public class FileManager extends HttpServlet implements Servlet{	


   static final long serialVersionUID = 1L;	

!
   private final static String COMMAND = "command";	

!
   private final static String PARAM1 = "param1";	

!
   private final static String PARAM2 = "param2";	

!
   private final static String PARAM3 = "param3";	

!
   private final static String PARAM4 = "param4";	

!
   private final static String PROJECT_PATHS = "projectPaths";	

!
   private final static String HOSTED_PROJECT_PATHS = "hostedProjectPaths";	

!
   private final static String ZIP_DIRECTORY = "archives";	

!
        /* (non-Java-doc)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


         * @see javax.servlet.http.HttpServlet#doGet(HttpServletRequest request, HttpServletResponse response)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             	


         */	


        protected void doGet(HttpServletRequest request, HttpServletResponse response) throws ServletException, IOException {	


                String command = request.getParameter(COMMAND);	


                if(command.equals("retrieveFile")){	


                        response.getWriter().write(this.retrieveFile(request));	


                }	


        }	

!
        /* (non-Java-doc)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


         * @see javax.servlet.http.HttpServlet#doPost(HttpServletRequest request, HttpServletResponse response)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            	


         */	


        protected void doPost(HttpServletRequest request, HttpServletResponse response) throws ServletException, IOException {	


                String command = request.getParameter(COMMAND);	

!
                if(command!=null){	


                        if(command.equals("createProject")){	


                                response.getWriter().write(this.createProject(request));	


                        } else if(command.equals("projectList")){	


                                response.getWriter().write(this.getProjectList(request));	


                        } else if(command.equals("hostedProjectList")){	


                                response.getWriter().write(this.getHostedProjectList(request));	


                        } else if(command.equals("retrieveFile")){	


                                response.getWriter().write(this.retrieveFile(request));	


                        } else if(command.equals("updateFile")){	


                                response.getWriter().write(this.updateFile(request));	


                        } else if(command.equals("createNode")){	


                                response.getWriter().write(this.createNode(request));	


                        } else if(command.equals("createSequence")){	


                                response.getWriter().write(this.createSequence(request));	


                        } else if(command.equals("exportProject")){	


                                this.exportProject(request, response);	


                        } else if(command.equals("removeFile")){	


                                response.getWriter().write(this.removeFile(request));	


                        } else if(command.equals("updateAudioFiles")) {	


                                response.getWriter().write(this.updateAudioFiles(request, response));	


                        } else if(command.equals("special")){	


                                this.processSpecial(request, response);	


                        } else if(command.equals("specialToo")){	


                                this.specialToo(request, response);	


                        } else {	


                                throw new ServletException("This servlet does not understand this command: " + command);	


                        }	


                } else if(ServletFileUpload.isMultipartContent(request)){	


                        response.setContentType("text/html; charset=UTF-8");	


                        try{	


                                this.importProject(request);	


                                response.getWriter().print("success");	


                        } catch(Exception e){	


                                e.printStackTrace();	


                                response.getWriter().write("failed");	


                        }	


                } else {	



!
import java.io.*;	


import javax.servlet.ServletException;	

!
import vle.*;	


//import utils.*;                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          	

!
public class ContainerModel {	

!
    public void dispatcher(String arg) {	


        // modeling the request by the input argument                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      	


        String request = arg;	


        /* modeling the instantiation of the container by                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


           creating objects of servlets                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    	


           The mapping is extracted from web.xml file                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      	


        */	


        try {	


            VLEGetData vlegetdata = new VLEGetData();	


            VLEPostData vlepostdata = new VLEPostData();	


            VLEPostJournalData vlepostjournaldata = new VLEPostJournalData();	


            VLEGetJournalData vlegetjournaldata = new VLEGetJournalData();	


            VLEGetAnnotations vlegetannotations = new VLEGetAnnotations();	


            VLEPostAnnotations vlepostannotations = new VLEPostAnnotations();	


            VLEGetFlag vlegetflag = new VLEGetFlag();	


            VLEPostFlag vlepostflag = new VLEPostFlag();	


            VLEView vleview = new VLEView();	


            VLEConfig vleconfig = new VLEConfig();	


            VLEGetUser vlegetuser = new VLEGetUser();	

!
            // these are constructors of utils classes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     	


            /*EchoPostData echopostdata = new EchoPostData();                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                              	


            FileManager filemanager = new FileManager();                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                   	


            TTS tts = new TTS(""); */	

!
            /* modeling the container calls by a while loop                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                	


               useful when there is request dispatching and                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                	


               forwarding                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


            */	


            while (true) {	


                if (request.equals("vlegetdata")) { vlegetdata.doGet(null, null); }	


                if (request.equals("vlepostdata")) { vlepostdata.doPost(null, null); }	


                if (request.equals("vlegetjournaldata")) { vlegetjournaldata.doGet(null, null); }	


                if (request.equals("vlepostjournaldata")) { vlepostjournaldata.doPost(null, null); }	


                if (request.equals("vlegetannotations")) { vlegetannotations.doGet(null, null); }	


                if (request.equals("vlepostannotations")) { vlepostannotations.doPost(null, null); }	


                if (request.equals("vlegetflag")) { vlegetflag.doGet(null, null); }	


                if (request.equals("vlepostflag")) { vlepostflag.doPost(null, null); }	


                if (request.equals("vleview")) { vleview.doGet(null, null); }	


                /* if (request.equals("vleconfig")) {                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      	


                    vleconfig.doGet(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                           	


                    //vleconfig.doPost(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        	


                }                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          	


                if (request.equals("vleconfig")) {                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         	


                    vlegetuser.doGet(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                          	


                    //vlegetuser.doPost(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       	


                } */	

!
                // these are calls to utils classes                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        	


                /* if (request.equals("tts")) { tts.saveToFile("file"); }                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


                if (request.equals("echopostdata")) {                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                      	


                    echopostdata.doGet(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        	


                    echopostdata.doPost(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                       	


                    } */	


                /* if (request.equals("filemanager")) {                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                    	


                    filemanager.doGet(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                         	


                    filemanager.doPost(null, null);                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                        	


                    } */	

!
                // this is to break the loop if the request is not going be dispatched                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                     	


                if (! request.equals("forward")) { break; }	


            }	

!
            /* modeling the container calls by a if conditions                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             	


               useful when there is no request dispatching and                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             	



	

 Variability
*/	


 public class FileManager extends HttpServlet implements Servlet{	


   static final long serialVersionUID = 1L;	

!
   private final static String COMMAND = "command";	

!
   private final static String PARAM1 = "param1";	

!
   private final static String PARAM2 = "param2";	

!
   private final static String PARAM3 = "param3";	

!
   private final static String PARAM4 = "param4";	

!
   private final static String PROJECT_PATHS = "projectPaths";	

!
   private final static String HOSTED_PROJECT_PATHS = "hostedProjectPaths";	

!
   private final static String ZIP_DIRECTORY = "archives";	

!
        /* (non-Java-doc)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


         * @see javax.servlet.http.HttpServlet#doGet(HttpServletRequest request, HttpServletResponse response)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             	


         */	


        protected void doGet(HttpServletRequest request, HttpServletResponse response) throws ServletException, IOException {	


                String command = request.getParameter(COMMAND);	


                if(command.equals("retrieveFile")){	


                        response.getWriter().write(this.retrieveFile(request));	


                }	


        }	

!
        /* (non-Java-doc)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


         * @see javax.servlet.http.HttpServlet#doPost(HttpServletRequest request, HttpServletResponse response)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            	


         */	


        protected void doPost(HttpServletRequest request, HttpServletResponse response) throws ServletException, IOException {	


                String command = request.getParameter(COMMAND);	

!
                if(command!=null){	


                        if(command.equals("createProject")){	


                                response.getWriter().write(this.createProject(request));	


                        } else if(command.equals("projectList")){	


                                response.getWriter().write(this.getProjectList(request));	


                        } else if(command.equals("hostedProjectList")){	


                                response.getWriter().write(this.getHostedProjectList(request));	


                        } else if(command.equals("retrieveFile")){	


                                response.getWriter().write(this.retrieveFile(request));	


                        } else if(command.equals("updateFile")){	


                                response.getWriter().write(this.updateFile(request));	


                        } else if(command.equals("createNode")){	


                                response.getWriter().write(this.createNode(request));	


                        } else if(command.equals("createSequence")){	


                                response.getWriter().write(this.createSequence(request));	


                        } else if(command.equals("exportProject")){	


                                this.exportProject(request, response);	


                        } else if(command.equals("removeFile")){	


                                response.getWriter().write(this.removeFile(request));	


                        } else if(command.equals("updateAudioFiles")) {	


                                response.getWriter().write(this.updateAudioFiles(request, response));	


                        } else if(command.equals("special")){	


                                this.processSpecial(request, response);	


                        } else if(command.equals("specialToo")){	


                                this.specialToo(request, response);	


                        } else {	


                                throw new ServletException("This servlet does not understand this command: " + command);	


                        }	


                } else if(ServletFileUpload.isMultipartContent(request)){	


                        response.setContentType("text/html; charset=UTF-8");	


                        try{	


                                this.importProject(request);	


                                response.getWriter().print("success");	


                        } catch(Exception e){	


                                e.printStackTrace();	


                                response.getWriter().write("failed");	


                        }	


                } else {	



http://web.xml


*/	


 public class FileManager extends HttpServlet implements Servlet{	


   static final long serialVersionUID = 1L;	

!
   private final static String COMMAND = "command";	

!
   private final static String PARAM1 = "param1";	

!
   private final static String PARAM2 = "param2";	

!
   private final static String PARAM3 = "param3";	

!
   private final static String PARAM4 = "param4";	

!
   private final static String PROJECT_PATHS = "projectPaths";	

!
   private final static String HOSTED_PROJECT_PATHS = "hostedProjectPaths";	

!
   private final static String ZIP_DIRECTORY = "archives";	

!
        /* (non-Java-doc)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


         * @see javax.servlet.http.HttpServlet#doGet(HttpServletRequest request, HttpServletResponse response)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                             	


         */	


        protected void doGet(HttpServletRequest request, HttpServletResponse response) throws ServletException, IOException {	


                String command = request.getParameter(COMMAND);	


                if(command.equals("retrieveFile")){	


                        response.getWriter().write(this.retrieveFile(request));	


                }	


        }	

!
        /* (non-Java-doc)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                  	


         * @see javax.servlet.http.HttpServlet#doPost(HttpServletRequest request, HttpServletResponse response)                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                                            	


         */	


        protected void doPost(HttpServletRequest request, HttpServletResponse response) throws ServletException, IOException {	


                String command = request.getParameter(COMMAND);	

!
                if(command!=null){	


                        if(command.equals("createProject")){	


                                response.getWriter().write(this.createProject(request));	


                        } else if(command.equals("projectList")){	


                                response.getWriter().write(this.getProjectList(request));	


                        } else if(command.equals("hostedProjectList")){	


                                response.getWriter().write(this.getHostedProjectList(request));	


                        } else if(command.equals("retrieveFile")){	


                                response.getWriter().write(this.retrieveFile(request));	


                        } else if(command.equals("updateFile")){	


                                response.getWriter().write(this.updateFile(request));	


                        } else if(command.equals("createNode")){	


                                response.getWriter().write(this.createNode(request));	


                        } else if(command.equals("createSequence")){	


                                response.getWriter().write(this.createSequence(request));	


                        } else if(command.equals("exportProject")){	


                                this.exportProject(request, response);	


                        } else if(command.equals("removeFile")){	


                                response.getWriter().write(this.removeFile(request));	


                        } else if(command.equals("updateAudioFiles")) {	


                                response.getWriter().write(this.updateAudioFiles(request, response));	


                        } else if(command.equals("special")){	


                                this.processSpecial(request, response);	


                        } else if(command.equals("specialToo")){	


                                this.specialToo(request, response);	


                        } else {	


                                throw new ServletException("This servlet does not understand this command: " + command);	


                        }	


                } else if(ServletFileUpload.isMultipartContent(request)){	


                        response.setContentType("text/html; charset=UTF-8");	


                        try{	


                                this.importProject(request);	


                                response.getWriter().print("success");	


                        } catch(Exception e){	


                                e.printStackTrace();	


                                response.getWriter().write("failed");	


                        }	


                } else {	
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• Practical	
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 Instantiations of the Framework

• No observed instruction	


- Labels: function calls and	



• Abstract away all program data (no assertions, semantic entailment)

Instantiation for Program Models without Data

(hs1, ?, x, y , ?, x, y i, ✏)
New(x)����!(hs2, ?, y x , ?, y x i, ✏)
Main call Container()�������������!(hs4, ?, y x , ?, y x i, hs3, ?, y x i)
"�!(hs5, ?, y x , ?, y x i, hs3, ?, y x i)
Container call Servlet()���������������!(hs9, ?, y x , ?, y x i, hs6, ?, y x i · hs3, ?, y x i)

(hs1, ?, x, y , ?, x, y i, ✏)
New(x)����!(hs2, ?, y x , ?, y x i, ✏)
Main call Container()�������������!(hs4, ?, y x , ?, y x i, hs3, ?, y x i)
"�!(hs5, ?, y x , ?, y x i, hs3, ?, y x i)
Container call Servlet()���������������!(hs9, ?, y x , ?, y x i, hs6, ?, y x i · hs3, ?, y x i)
"�!(hs10, ?, y x , ?, y x i, hs6, ?, y x i · hs3, ?, y x i)

(hs1, ?, x, y , ?, x, y i, ✏)
New(x)����!(hs2, ?, y x , ?, y x i, ✏)
Main call Container()�������������!(hs4, ?, y x , ?, y x i, hs3, ?, y x i)
"�!(hs5, ?, y x , ?, y x i, hs3, ?, y x i)
Container call Servlet()���������������!(hs9, ?, y x , ?, y x i, hs6, ?, y x i · hs3, ?, y x i)
"�!(hs10, ?, y x , ?, y x i, hs6, ?, y x i · hs3, ?, y x i)
"�!(hs11, ?, y x , ? x, y i, hs6, ?, y x i · hs3, ?, y x i)

3
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 Contributions 
Tool Support: 

1. A set of stand alone tools, CVPP toolset (existed before)	


2. A fully automated tool for procedure-modular 

verification of programs with full data abstraction 
ProMoVer 

- Siavash Soleimanifard, Dilian Gurov, and Marieke Huisman. 
Procedure-modular verification of control flow safety properties. In 
FTfJP ’10 

- Siavash Soleimanifard, Dilian Gurov, and Marieke Huisman. 
ProMoVer: Modular verification of temporal safety properties. In 
SEFM ’11 

- Siavash Soleimanifard, Dilian Gurov, and Marieke Huisman. 
Procedure-modular specification and verification of temporal safety 
properties. In Journal of Software and System Modelling. (Paper I)



	

 Contributions cont.
Verification of product families: 

1. A hierarchical variable model for capturing commonality 
and variability of products	



2. A extension of our verification technique for the efficient 
verification of product families represented by 
hierarchical variability models	



- Ina Schaefer, Dilian Gurov, and Siavash Soleimanifard. Compositional 
algorithmic verification of software product lines. In FMCO ’10. 

- Siavash Soleimanifard, Dilian Gurov, Bjarte Østvold, and Minko 
Markov.  
Model Mining and Efficient Verification of Software Product Lines. 
Submitted to Journal of Logic and Algebraic Programming. (Paper II)



	

 Contributions cont.
Development of the framework: 

1. A framework for compositional verification with full data 
abstraction (existed before)	



2. A generic framework for verification of procedural 
programs in the presence of variability	



• Three instantiations of the framework	



- Siavash Soleimanifard, and Dilian Gurov. Algorithmic verification 
of procedural programs in the presence of code variability. In 
FACS ’14. 

- Siavash Soleimanifard, and Dilian Gurov. Algorithmic verification 
of procedural programs in the presence of code variability. 
Technical Report (Paper III)
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ProMoVer

Fully automated tool for procedure-modular 
verification of Java programs with data-less 

instantiation of the generic framework



	

 ProMoVer -- Usage
/ * *  	


 *   @ g l o b a l _ l t l _ p r o p : 	


 *     e v e n  - >  X  ( ( e v e n  & &  !  e n t r y )  W  o d d ) 	


 * / 	


p u b l i c  c l a s s  N u m b e r  { 	


    / * *  @ l o c a l _ i n t e r f a c e :   r e q u i r e d  o d d 	


	

  *   @ l o c a l _ l t l _ p r o p : 	


     *     G ( X  ( ! e v e n  | |  ! e n t r y )  & &  ( o d d  - >  X  G  e v e n ) ) 	


     * / 	


    p u b l i c  b o o l e a n  e v e n ( i n t  n )  { 	


        i f  ( n  = =  0 )  r e t u r n  t r u e ; 	


        e l s e  r e t u r n  o d d ( n - 1 ) ; 	


    } 	


    / * *  @ l o c a l _ i n t e r f a c e :   r e q u i r e d  e v e n 	


     *   @ l o c a l _ l t l _ p r o p : 	


     *     G ( X  ( ! o d d  | |  ! e n t r y )  & &  ( e v e n  - >  X  G  o d d ) ) 	


     * / 	


    p u b l i c  b o o l e a n  o d d ( i n t  n )  { 	


        i f  ( n  = =  0 )  r e t u r n  f a l s e ; 	


        e l s e  r e t u r n  e v e n ( n - 1 ) ; 	


    } 	


} 	
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Verification Result:	
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 ProMoVer -- Advanced Features
• Different specification languages	



- Safety fragment of modal mu-calculus 	



- Modal equation systems	



- Safety LTL	



- Safety automata 	



• Specification extractor	



• Proof storage and reuse mechanism 
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 ProMoVer -- Advanced Features
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 A Case Study

“only a single database connection should be created for 
each request and it should be properly closed”

Global Property



	

 A Case Study

Application
Lines of 
Code Task I

Maximal 
Model 
Cons.

Global 
Model	


Check

Total 
Time

Sail-­‐Web	
  app. 3038 	
  NA 8	
  sec 1	
  sec 71	
  sec
Sail-­‐Web	
  app.	
  
Improved 3057 NA NA 1	
  sec 22	
  sec

Sail-­‐Web	
  app.	
  
Full-­‐version 10844 32	
  sec NA NA 32	
  sec

“only a single database connection should be created for 
each request and it should be properly closed”

Global Property
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 Product Families
Set of products with well-defined 
commonalities and variabilities

	



Compostional Verification of Software Product Families
Siavash Soleimanifard

Teoretical Computer Science Department
KTH Royal Institute of Technology

Stockholm, SWEDEN

Background

I Product Families Definition: Set of products with well-defined commonalities and
variabilities

I It is an industrial design approach for reuse and quality improvement in software
engineering and it is proven to be commercially successful

I Generates exponential number of products
I verification is hard, time consuming, most cases infeasible

P1

P3

P2

P4

Existing Modeling Approaches

I Annotative: a model is for representing all products;
I Compositional: an association between product fragments, features;
I Transformation: variability is represented through a set of rules: what have to be

replaced for each particular product model.

Existing Verification Approaches

Model Checking
I A. Fantechi et al., modal transition systems are extracted by the variability operators:

requires/possible;
I A. Classen et al., a labeled transition system is constructed from product family and

features appear as the labels in a way that state reachability on a set of features can
be computed;

I A. Gruler et al., proposes an extension of CCS process calculus by variant operators
to model a family of processes;

I K. Lauenroth, transitions on I/O–automata are related to variants.

Compositional Verification
I Blundell et al. in [1] and Liu et al. in [2]

I each feature is represented as a state machine
I other features can be attached to the extracted transition system via a particular

type of states (interface)

Motivation

Non-Compositional Verification
I Not Scalable because of the exponential number of products

Current Compositional Verification
I Restricted
I Not Scalable

For an analysis technique to work for software product lines, it has to be compositional,
easily adaptable with the current systems and not restricted.

Compositional Verification with CVPP

Modular
I Verify each module locally, independently
I Global correctness is relativized on the composition of local correctness
I Modules are methods, e.g., Hoare logic

Algorithmic
I Accepts annotated Java programs
I Fully automatic approach

I push-button tool support
I PROMOVER: many optimizations, easy to use [4]

Abstraction
I Complete data abstraction
I Flow Graphs

Properties
I Safety temporal properties of the control flow
I Legal sequences of method invocations

Suitable Software Family Modeling for Using CVPP

Simple Hierarchical Variability Model (SHVM)

@VP1

Product Family

V21

@VP2

Core

V22V11 V12

Variation 
Point

Variant

Non-Compositional Verification
I Verification tasks bound by (#variants)(#VP)ND

Compositional Verification
I Verification tasks bound by (#variants ⇥#VP)ND

Compositional Verification of Software Families by CVPP

I Relativize Product Properties towards Variation Points
I Apply Compositional Analysis Technique

Compositional Verification Procedure
For each SHVM node recursively do,
1. locally verify the core methods and variation points, and
2. globally relativize the correctness of the SHVM node on the composition of variation

points and core methods.
Soundness
I If the above verification procedure succeeds for SHVM S and property �, then

property � holds for all products of S [3].

Experimental Results

Cash Desk Example

CashDesk

Keyboard Scanner Cash Card

@EnterProducts @Payment

cardPay()
enterCard()cashPay()

enterProd()

useKeyboard() useScanner()

writeReceipt()
updateStock()

sale()

payment()payment()enterProd()

I CD - Simple Cash Desks
I CD/CH - Cash Desk with Coupon Handling
I CD/CT - Cash Desk with Credit Cards
I CD/CT/CH - Cash Desk with Credit Cards and Coupon Handling

Product
Line

Depth # Modules # Products tnon�comp tcomp

CD 1 7 9 79 9
CD/CH 1 9 18 177 10
CD/CT 2 15 27 278 11
CD/CH/CT 2 17 54 652 12

Conclusion

I Compositional analysis of product families defined by SHVM
I Verification of control flow safety properties for SHVM by PROMOVER

I Evaluations show a dramatic gain in performance
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Application Depth Products non-comp. 
Time

comp.	


Time

Cash	
  Desk 1 9 79	
  sec 9	
  sec
Cash	
  Desk	
  with	
  

Coupons 1 18 117	
  sec 10	
  sec

Cash	
  Desk	
  with	
  
Cards 2 27 278	
  sec 11	
  sec

Cash	
  Desk	
  with	
  
Cards	
  &	
  Coupon

2 54 652	
  sec 12	
  sec
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