1. Before calling geqp3, the values of some elements in tempWSS and jpvtc.
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2. After calling geqp3, the values of the same elements in tempWSS and jpvtc.
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From above two steps, it seems that the tempWSS and jpvtc passed through the geqp3 without any change. I also had checked the values of the other elements of tempWSS and jpvtc. What is wrong with my program? Because geqp3 is needed to be called multiple times, so I allocate the memory for tempWSS and jpvtc outside the subroutine
“Subroutine determine_the_sampled_rows_and_cols(WSS,tempWSS,WTSR,jpvtr,jpvtc,lidf,lids,m,n,num_rank)”.
Both the subroutine and that calling it are listed below. The subroutines are very long. The part that is related to this problem including the part of allocating memory is marked with red. Please help detecting what is the reason cause this bug. Also please give me suggestion of my programming style, because I’m new in designing the Fortran 95 program. Thank you very much!

//////////////////////////////////////////////////////////////////////////////////////////

subroutine determine_the_sampled_rows_and_cols(WSS,tempWSS,WTSR,jpvtr,jpvtc,lidf,lids,m,n,num_rank)
    use lapack95
    use interface_definitions
    implicit none
    complex(4)  WSS(:,:),tempWSS(:,:),WTSR(:,:)
    integer(4) num_rank,m,n,j,i,lidf(:),lids(:)
    integer(4) jpvtr(:),jpvtc(:)
    real(4) threshold
    complex(4), allocatable::tempWSS1(:,:)
    integer(4), allocatable::jpvtr1(:),jpvtc1(:) 
    integer(8) ranks,isize

   
    !allocate(tempWSS1(m,n))
    !if(.not. allocated(jpvtr1))allocate(jpvtr1(m))
    !if(.not. allocated(jpvtc1))allocate(jpvtc1(n))
    !if(.not. allocated(jpvtc1))write(*,*) 'memory not allocated'
    !tempWSS1=WSS
    !jpvtc1(1:n)=0
    !call geqp3(tempWSS1,jpvtc1)
    !do j=1,num_rank
    !    do i=1,m
    !        WTSR(j,i)=WSS(i,jpvtc1(j))
    !    enddo        
    !enddo
    !
    !jpvtr1(1:m)=0
    !call geqp3(WTSR,jpvtr1)  
    !
    !do i=1,num_rank
    !    jpvtr(i)=lidf(jpvtr1(i))
    !    jpvtc(i)=lids(jpvtc1(i))
    !enddo
    !
    !deallocate(tempWSS1,jpvtr1,jpvtc1)
    
    
    
    tempWSS(1:m,1:n)=WSS(1:m,1:n)
    jpvtc(1:n)=0
    call geqp3(tempWSS(1:m,1:n),jpvtc(1:n))
    do j=1,num_rank
        do i=1,m
            WTSR(j,i)=WSS(i,jpvtc(j))
        enddo        
    enddo
    
    jpvtr(1:m)=0
    call geqp3(WTSR,jpvtr)  
    
    do i=1,num_rank
        jpvtr(i)=lidf(jpvtr(i))
        jpvtc(i)=lids(jpvtc(i))
    enddo
    
    ranks=num_rank
    isize=4
    call qsort(jpvtr,ranks,isize,integer_compare)
    call qsort(jpvtc,ranks,isize,integer_compare)
        
    end


    !In this function the ranks,  sampled row and colums for the UV pairs calculation are generated.
    !In this program, for simplicity, we assume the numbers of sampled subscatterers for calculating
    !matrices LE, LM, and K are the same, viz., rankLE, rankLM, and rankK are the same.

    subroutine Evaluate_the_sampled_rows_cols_UV_pairs()

    use lapack95

    use global_var
    use interface_definitions
    use interface_matrix_operations
    use interface_row_col_sampling
    implicit none
    integer(4) i,intf,intfs,fnode,snode,l,numr,numc
    integer(4), pointer::fedge(:),sedge(:)
    complex(4), allocatable,volatile::QLE(:,:),QLM(:,:),QK(:,:)
    complex(4), allocatable,volatile::tempWSS(:,:),WTSR(:,:)
    integer(4), volatile, pointer::localindexf(:),localindexs(:)
    integer(4), allocatable::localidf(:),localids(:)
    integer(4) num_regions,num_roughs,num_interfaces
    integer(4) j,k,p,q
    integer r1_i,r2_i  !regions 1 and 2 that share interfece i
    integer r1_k,r2_k  !regions 1 and 2 that share interfece k
    integer mp,np
    complex(4) cL,cK,epsr1,epsr2,epsr
    integer(4) regid,regid1,regid2,sgn,beta_alpha,beta_alpha1,beta_alpha2
    complex(4) LE,LM,KK
    integer(4) ii,jj, ll, level,level0
    integer(4) rankLE,rankLM,rankK,rank
    integer(4) run_parallel,number_threads,num_QRS_NUM_THREADS,lp1,lp2
    integer(4) nr,nc
    logical(1) fast_imp_cal,three_p_gauss
    logical(1) phase_c
    complex(4), volatile,pointer::phasef(:),phases(:)
    integer(4), volatile::l_start_pc
    real(4), volatile::wavedir(3)




    number_threads=number_of_threads
    run_parallel=1




    num_QRS_NUM_THREADS=num_QRS/number_threads
    fast_imp_cal=.true.! Use the fast 7-point Gauss impedance calculation routine.
    three_p_gauss=.true. !Use the three points Gauss routine.
    phase_c=phase_compensation !use phase compensation
    l_start_pc=level_start_comp





    !$OMP parallel IF(run_parallel .eq. 1) & ! shared(num_QRs,QR,interf,reg,nodes_level,ne_patch) &
    !$OMP private(fnode,snode,i,k,numr,numc,level,level0,rank,rankLE,rankLM,rankK, &
    !$OMP QLE,QLM,QK,tempWSS,WTSR,r1_i,r2_i,r1_k,r2_k,epsr1,epsr2,regid1,regid2, &
    !$OMP beta_alpha1,beta_alpha2,beta_alpha,regid,epsr,fedge,sedge, &
    !$OMP jj,ll,j,l,p,q,sgn,mp,np,cL,cK,LE,LM,KK, &
    !$OMP lp1,ii,&
    !$OMP phasef,phases,QRiidir,QRii,QRjj,QRll,wavedir,localindexf,localindexs,localidf,localids) &
    !$OMP firstprivate(fast_imp_cal,three_p_gauss,phase_c,l_start_pc) &
    !$OMP NUM_THREADS(number_threads) 
    !$OMP do
    !do ii=1,num_QRs
    do lp2=1,number_threads

    level0=1
    do lp1=1,num_QRS_NUM_THREADS+1 
        !write(*,*)lp2,lp1


        ii=(lp1-1)*number_threads+lp2

        !ii=(lp2-1)*(num_QRS_NUM_THREADS+1)+lp1   

        !if(ii .eq. 3)then
        !    write(*,*)ii
        !endif


        !ii=189 !for test.
        !ii=257

        if(ii .le. num_QRS)then
            !write(*,*) ii,QR(ii)%level 
            !if(ii .eq. 225)then
            !    write(*,*)
            !end if

            fnode=QR(ii)%fnode
            snode=QR(ii)%snode 
            i=QR(ii)%intff
            k=QR(ii)%intfs
            numr=QR(ii)%numr
            numc=QR(ii)%numc
            
            level=QR(ii)%level

            rank=QR(ii)%rankLE     !here we assume that rankLE,rankLM, and rankK are the same.
            rankLE=QR(ii)%rankLE
            rankLM=QR(ii)%rankLM
            rankK=QR(ii)%rankK

            if(level0 .eq. 1)then
                allocate(QLE(1:rankLE,1:rankLE))
                allocate(QLM(1:rankLM,1:rankLM))
                allocate(QK(1:rankK,1:rankK))
                allocate(tempWSS(1:rank,1:rank))
                allocate(WTSR(1:rank_level(level),1:rank))
                allocate(localidf(rank),localids(rank))
            elseif(level0 .ne. level)then
                deallocate(QLE,QLM,QK,tempWSS,WTSR,localidf,localids)
                allocate(QLE(1:rankLE,1:rankLE))
                allocate(QLM(1:rankLM,1:rankLM))
                allocate(QK(1:rankK,1:rankK))
                allocate(tempWSS(1:rank,1:rank))
                allocate(WTSR(1:rank_level(level),1:rank))
                allocate(localidf(rank),localids(rank))
                
            endif
            
            level0=level
            
            if(memory_located_once .eq. .false.)then
                allocate(QR(ii)%localidf_le(rankLE),QR(ii)%localids_le(rankLE))
                allocate(QR(ii)%localidf_lm(rankLM),QR(ii)%localids_lm(rankLM))
                allocate(QR(ii)%localidf_k(rankK),QR(ii)%localids_k(rankK))
            endif
            







            !Calculate the entries of U and R defined in Tsang and Xu's paper and store them in Q and R.

            r1_i=interf(i)%id_reg(1)       !i=QR(ii)%intff
            r2_i=interf(i)%id_reg(2)       !type(surface) interf()
            epsr1=reg(r1_i)%epsilonr       !type(region) reg()
            epsr2=reg(r2_i)%epsilonr

            r1_k=interf(k)%id_reg(1)       !k=QR(ii)%intfs
            r2_k=interf(k)%id_reg(2)
            regid1=-1
            regid2=-1

            if (r1_i .eq. r1_k)then
                regid1=r1_i
                beta_alpha1=interf(i)%beta_reg(1)*interf(k)%alpha_reg(1)
            else if(r1_i .eq. r2_k)then
                regid1=r1_i
                beta_alpha1=interf(i)%beta_reg(1)*interf(k)%alpha_reg(2)
            end if

            if (r2_i .eq. r1_k)then
                regid2=r2_i
                beta_alpha2=interf(i)%beta_reg(2)*interf(k)%alpha_reg(1)
            else if(r2_i .eq. r2_k)then
                regid2=r2_i
                beta_alpha2=interf(i)%beta_reg(2)*interf(k)%alpha_reg(2)
            end if

            if (regid1 .ne. -1)then
                regid=regid1
                beta_alpha=beta_alpha1
            else if(regid2 .ne. -1)then
                regid=regid2
                beta_alpha=beta_alpha2
            else
                regid=-1
            end if

            if(level .le. l_start_pc .and. rank .gt. 0)then

            fedge=>nodes_level(level)%node(fnode)%id_edges_intf(i)%id(1:numr)        !level=QR(ii)%level			
            sedge=>nodes_level(level)%node(snode)%id_edges_intf(k)%id(1:numc) 
            !Generate the phase term for field points.Note the APC algorithm can only for one interface problem.
            !!The first method, viz., the method that the k direction is from the center of source node to the center of the field node.
            !do jj=1,numr 
            !    phasef(jj)=exp(cmplx(0.,1.)*wavek_region(1)*&
            !    (QR(ii)%dir(1)*e_pt_c(1,fedge(jj))+&
            !    QR(ii)%dir(2)*e_pt_c(2,fedge(jj))+&
            !    QR(ii)%dir(3)*e_pt_c(3,fedge(jj))))
            !    !phasef(jj)=1.
            !enddo
            !
            !!Generate the phase term for source points.
            !do jj=1,numc
            !    phases(jj)=exp(-cmplx(0.,1.)*wavek_region(1)*&
            !    (QR(ii)%dir(1)*e_pt_c(1,sedge(jj))+&
            !    QR(ii)%dir(2)*e_pt_c(2,sedge(jj))+&
            !    QR(ii)%dir(3)*e_pt_c(3,sedge(jj))))
            !    !phases(jj)=1.
            !enddo

            !The scond method, viz., the method that two wave direction is used. One is from center of the source node to the center of the field basis support.
            !, while another is from the center of the source basis support to the center of the feild node.
            do jj=1,numr
                wavedir(1:3)=e_pt_c(1:3,fedge(jj))-nodes_level(level)%node(snode)%center_intf(1:3,k)
                wavedir(1:3)=wavedir(1:3)/sqrt(wavedir(1)*wavedir(1)+wavedir(2)*wavedir(2)+wavedir(3)*wavedir(3))  

                phasef(jj)=exp(cmplx(0.,1.)*wavek_region(1)*&
                (wavedir(1)*e_pt_c(1,fedge(jj))+&
                wavedir(2)*e_pt_c(2,fedge(jj))+&
                wavedir(3)*e_pt_c(3,fedge(jj))))
                !phasef(jj)=1.
            enddo

            !Generate the phase term for source points.
            do jj=1,numc
                wavedir(1:3)=nodes_level(level)%node(fnode)%center_intf(1:3,i)-e_pt_c(1:3,sedge(jj))
                wavedir(1:3)=wavedir(1:3)/sqrt(wavedir(1)*wavedir(1)+wavedir(2)*wavedir(2)+wavedir(3)*wavedir(3)) 
                phases(jj)=exp(-cmplx(0.,1.)*wavek_region(1)*&
                (wavedir(1)*e_pt_c(1,sedge(jj))+&
                wavedir(2)*e_pt_c(2,sedge(jj))+&
                wavedir(3)*e_pt_c(3,sedge(jj))))
                !phases(jj)=1.
            enddo


            QRiidir(1:3)=QR(ii)%dir(1:3)
            QRii=ii
            endif



            if(regid .ne. -1) then				
                epsr=reg(regid)%epsilonr

                if(rank.eq. -1)then         !rank=QR(ii)%rankLE

                ! do nothing!

                else
                    !Calculate the matrix WSS
                    fedge=>nodes_level(level)%node(fnode)%id_edges_intf(i)%id(1:numr) 			
                    sedge=>nodes_level(level)%node(snode)%id_edges_intf(k)%id(1:numc)
                    localindexf=>nodes_level(level)%node(fnode)%lid_sampled_intf(k)%id(1:rank) 
                    localindexs=>nodes_level(level)%node(snode)%lid_sampled_intf(k)%id(1:rank)  
                    !totalCL=0.
                    !totalCK=0.
                    !error_CL=0.
                    !error_CK=0.
                    do jj=1,rank
                        j=fedge(localindexf(jj))

                        do ll=1,rank
                            l=sedge(localindexs(ll))
                            

                            QLE(jj,ll)=cmplx(0,0)
                            QLM(jj,ll)=cmplx(0,0)
                            QK(jj,ll)=cmplx(0,0)						
                            do p=1,2
                                do q=1,2
                                    if (p .eq. q)then
                                        sgn=1
                                    else 
                                        sgn=-1
                                    endif
                                    mp=ne_patch(j,p)
                                    np=ne_patch(l,q)

                                    if((regid1 .ne. -1) .and. (regid2 .ne. -1))then

                                    if(three_p_gauss)then
                                        !if(j .eq. 1 .and. mp .eq. 2 .and. p .eq. 2&
                                        !.and. l .eq. 230 .and. np .eq. 466 .and. q .eq. 2&
                                        !.and. regid .eq. 1)then
                                        !    write(*,*)j
                                        !endif
                                        if(level .le. l_start_pc)then
                                            call interactions_between_patches_3p_Gaussian_Appr&
                                            (j,mp,p,l,np,q,regid1,cL,cK)
                                        else
                                            call interactions_between_patches_3p_Gaussian&
                                            (j,mp,p,l,np,q,regid1,cL,cK)
                                        endif

                                        !tempcL=CL
                                        !tempCK=CK
                                        !
                                        !call interactions_between_patches&
                                        ! (j,mp,p,l,np,q,regid1,cL,cK)
                                        !totalCL=totalCL+CL
                                        !totalCK=totalCK+CK
                                        !if(cabs((tempcL-CL)/CL)>2e-2)then
                                        !    write(*,*)tempCL,CL
                                        !endif
                                        !
                                        !error_cL=error_cL+tempCL-CL
                                        !error_cK=error_cK+tempCK-CK

                                    else
                                        call interactions_between_patches&
                                        (j,mp,p,l,np,q,regid1,cL,cK)
                                    endif

                                    cL=cL*beta_alpha1*sgn
                                    cK=cK*beta_alpha1*sgn

                                    LE=cL
                                    cL=cL*epsr1
                                    LM=cL
                                    KK=cK	

                                    if(level .gt. l_start_pc)then
                                        if(three_p_gauss)then
                                            if(level .le. l_start_pc)then
                                                call interactions_between_patches_3p_Gaussian_Appr&
                                                (j,mp,p,l,np,q,regid2,cL,cK)
                                            else
                                                call interactions_between_patches_3p_Gaussian&
                                                (j,mp,p,l,np,q,regid2,cL,cK)
                                            endif


                                        else
                                            call interactions_between_patches&
                                            (j,mp,p,l,np,q,regid2,cL,cK)
                                        endif

                                        cL=cL*beta_alpha2*sgn
                                        cK=cK*beta_alpha2*sgn

                                        LE=LE+cL
                                        cL=cL*epsr2
                                        LM=LM+cL
                                        KK=KK+cK
                                    endif


                                    else
                                        if(three_p_gauss)then
                                            if(level .le. l_start_pc)then
                                                call interactions_between_patches_3p_Gaussian_Appr&
                                                (j,mp,p,l,np,q,regid,cL,cK)
                                            else
                                                call interactions_between_patches_3p_Gaussian&
                                                (j,mp,p,l,np,q,regid,cL,cK)
                                            endif


                                        else
                                            call interactions_between_patches&
                                            (j,mp,p,l,np,q,regid,cL,cK)
                                        endif

                                        cL=cL*beta_alpha*sgn
                                        cK=cK*beta_alpha*sgn

                                        LE=cL
                                        cL=cL*epsr
                                        LM=cL
                                        KK=cK


                                    end if

                                    QLE(jj,ll)=QLE(jj,ll)+LE
                                    QLM(jj,ll)=QLM(jj,ll)+LM
                                    QK(jj,ll)=QK(jj,ll)+KK
                                enddo
                            enddo

                            if(level .le. l_start_pc)then
                                QLE(jj,ll)=QLE(jj,ll)*conjg(phasef(localindexf(jj))*phases(localindexs(ll)))
                                QLM(jj,ll)=QLM(jj,ll)*conjg(phasef(localindexf(jj))*phases(localindexs(ll)))
                                QK(jj,ll)=QK(jj,ll)*conjg(phasef(localindexf(jj))*phases(localindexs(ll)))
                            endif

                        enddo
                    enddo

                    call determine_the_sampled_rows_and_cols&
                    (QLE,tempWSS,WTSR,localidf,localids&
                    ,localindexf,localindexs,rankLE,rankLE,rank_level(level))
                    QR(ii)%localidf_le(1:rankLE)=localidf(1:rankLE) 
                    QR(ii)%localids_le(1:rankLE)=localids(1:rankLE)  
                    QR(ii)%rankLE=rank_level(level)

                    call determine_the_sampled_rows_and_cols&
                    (QLM,tempWSS,WTSR,localidf,localids&
                    ,localindexf,localindexs,rankLM,rankLM,rank_level(level))
                    QR(ii)%localidf_lm(1:rankLM)=localidf(1:rankLM) 
                    QR(ii)%localids_lm(1:rankLM)=localids(1:rankLM)  
                    QR(ii)%rankLM=rank_level(level)

                    call determine_the_sampled_rows_and_cols&
                    (QK,tempWSS,WTSR,localidf,localids&
                    ,localindexf,localindexs,rankK,rankK,rank_level(level))
                    QR(ii)%localidf_k(1:rankK)=localidf(1:rankK) 
                    QR(ii)%localids_k(1:rankK)=localids(1:rankK)  
                    QR(ii)%rankK=rank_level(level)



                end if

            end if

        end if

    enddo
    deallocate(QLE,QLM,QK,tempWSS,WTSR,localidf,localids)


    enddo 
    !$OMP end do
    !$OMP end parallel


    end
[bookmark: _GoBack]/////////////////////////////////////////////////////////////////////////////////////////
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