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Second, the function of the array of electromagnets must be explored. The 

methodology to translate 'movement' into real, physical manipulation is to be developed. 

Various other aspects of the array, regarding its construction and arrangement, including 

the way it would be controlled must be explored as it effects the act of assembly. 

Additionally, work involving the other magnetic field based methods proposed by 

the team at the New Jersey Institute of Technology should be pursued. It includes the 

Magnetic Field Assisted Assembly (MFAA) and the Method of Assembly Using An 

Array of Programmable Magnets (see Figure 6.1) [111]. 

 

 

Figure 6.1  A schematic showing the method of assembly using programmable magnets. 

A hybrid of Magnetic Field Assisted Assembly and Magnetic Field Driven Simultaneous 

Assembly, it remains a work in progress [111]. 
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APPENDIX A 

DEVICE/RECESS FORCE DERIVATION 

The following appendix is a derivation of Equation 2.11; see Figure A.1 for explanation 

of terms. 

 

 

Figure A.1  A cross-section of the system involving soft magnetic layers and hard 

magnetic strips. R1 is the device, R2 is the soft magnetic layer, R3 is air-gap, R4 and R5 

are the hard magnetic strip and the gap, and R6 is the substrate. The soft magnetic layer's 

thickness is b. The hard magnetic strip's thickness is a. The air-gap distance is d. The 

period length of the strip/gap pattern is L where αL is the width of the hard magnetic 

strip. 

 

The expression for the force is: 
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The following are the simplified magnetic potentials: 
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where: 
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Through Equations A.2-6 (and derivatives), with the boundary condition that 

                         , relations are found among the constants. 
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where: 
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The constants of Equations A.8-23 must be solved in terms of         which will 

be determined by the system. Equations A.8-23 represent simple, linear systems that are 

solved algebraically as: 
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Adding Equations A.20 and A.22, simplifying the cosh/sinh terms: 
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Substituting Equations A.33-34, rearranging terms: 
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Substituting Equations A.29-30, simplifying and rearranging terms: 

 

  
     

  
   
  

              
(A.39) 

 

Substituting Equations A.25-26, simplifying and rearranging terms: 
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Adding Equations A.21 and A.23, simplifying the cosh/sinh terms: 
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Substituting Equations A.35-36, rearranging terms: 
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Substituting Equations A.31-32, simplifying and rearranging terms: 
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Substituting Equations A.27-28, simplifying and rearranging terms: 
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Equations A.40 and A.44 are simplified as: 
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where: 
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With Equations A.45-46, Equations A.25-32 are rewritten as: 

 

  
               

 

 
         

(A.49) 

 

  
        

 

 
                 

(A.50) 

 

  
               

 

 
         

(A.51) 

 

  
        

 

 
                 

(A.52) 

 

  
                    

 

 
                          

(A.53) 

 

  
                              

 

 
                 

(A.54) 

 

  



136 

 

  
                    

 

 
                          

(A.55) 

 

  
                              

 

 
                 

(A.56) 

 

Let R and S be defined as: 
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then: 
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also: 
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The         constants are found by a Fourier Series of the magnetization of the 

hard magnetic strip, whose function is: 
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Substituting Equation A.66 into Equation A.61: 
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The general form of the potential is: 
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The general form of the force is: 
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The force on the soft magnetic layer (R2) due to the hard magnetic strips (R4 and 

R5) is the difference between the force at R3 at the lower boundary of the layer and the 

force at R1 at the upper boundary of the layer. 

 

                      (A.75) 

 

At R1, the Pn and Qn constants are: 
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Equations A.76-79 are evaluated at the boundary, y = d + b, as: 
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At R3, the Pn and Qn constants are: 
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Substituting Equations A.57-58 into Equation A.53-56: 
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Substituting Equations A.90-93 into Equation A.89: 
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Substituting Equations A.90-93 into Equation A.95: 
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Substituting Equation A.47 into Equation A.97: 

 

     
  

 
     

  

  

 

  
 
               

 
    

     
 
       

    

 

   

 
(A.98) 

 

Substituting Equation A.60 into Equation A.98: 
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Substituting Equation A.66 into Equation A.99: 
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Substituting Equations A.84 and A.100 into Equation A.75: 
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The Equation A.101 is maximized when α = 0.5; at that α the terms of the 

summation are 0 when n is even and 2 when n is odd. 

 

     
    

 

  
  

 

 
  

  
                

       

            
   
     

  

 

 
 

 

   
     

 

(A.102) 

 

The n = 1 term dominates the summation; therefore: 
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APPENDIX B 

SWARM APPLICATION CODE 

The complete Swarm Algorithm program written in freeBASIC; [112] the application is 

divided into modules MAIN, DECLIB, APPLIB, CMPLIB, GUILIB, MODLIB, 

ZCOMPILE, ZEIPORT, ZLISTANB, ZPROJECT, and ZRECORD. 

 

MAIN  is the central function that controls all other 

functions; links to all other modules 

 

DECLIB contains structure definitions, variable definitions, 

and sub/function prototypes 

 

APPLIB contains functions that define and maintain the 

program's file system and databases; used by all modules 

 build_idxA  builds list of projects, 1st phase 

 build_idxB  builds list of projects, 2nd phase 

 build_dlp  builds list of project data 

 load   loads records from file 

 save   saves records to file 

 sift   sifts records based on sift keys 

 sort   sorts records based on sort keys 

 free   returns next free record number 

 mkcda   converts A-code into displayable data 

 mkcdz   converts Z-code into displayable data 

 mkdrp   adds * to device symbol if dropped 

 mkgnw   toggles between grid and window mode 

 pack   initializes record data 

 

CMPLIB contains functions that define the Swarm Algorithm; 

used by the ZPROJECT module 

 build_ptable constructs the P Table 

 build_qtable constructs the Q Table 

 grid_000  resets the grid array 

 grid_add  inserts device to grid array 

 grid_sub  removes device from grid array 

 grid_upd  updates the grid array 

 stack_add  inserts device to stack array 

 stack_sub  removes device from stack array 

 dense   calculates density 

 scan_ptable  obtains decision from the P Table 

 scan_qtable  obtains decision from the Q Table 

 switch  resolves Up/Down, Left/Right from P Table 

 test   tests if a device can be added to stack 

 text$   converts device number to letter 
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GUILIB contains functions that define and maintain the 

program's graphical user interface; used by all modules 

 prompt_list_A defines the input list screen 

 prompt_list_B defines the output list screen 

 prompt_main  defines the main screen 

 prompt_project defines the project screen 

 record_list_A1 displays input/lst record data 

 record_list_A2 displays input/dev record data 

 record_list_B displays output/prc record data 

 record_main1 displays main project list data 

 record_main2 displays main project file data 

 record_project1 displays project grid data 

 record_project2 displays project file data 

 record_project3 displays project device data 

 

MODLIB contains various low-level functions used by the 

program's high-level functions; used by all modules 

 export_devl  exports the dev input list 

 export_lstl  exports the lst input list 

 export_prcl  exports the prc output list 

 export_raw  exports input dev/lst data to raw format 

 export_stat  exports statistics 

 import_dev  imports dev data from raw format 

 import_lst  imports lst data from raw format 

 check_dev  integrity - if lst item is valid 

 check_fin  integrity - if final location is valid 

 check_gns  integrity - if lst item is unique 

 check_ini  integrity - if initial location is valid 

 check_mfsd  integrity - if properties are valid 

 check_off  integrity - if offset location is valid 

 check_sng  integrity - if final location is unique 

 

ZCOMPILE is the main body that controls the Swarm Algorithm; 

used by the ZPROJECT module 

 

ZEIPORT maintains the data import and export functions; used 

by the ZPROJECT and ZLISTANB modules 

 zexport  the export function 

 zimport  the import function 

 zprntscrn  the print screen function 

 

ZLISTANB maintains the input and output lists; used by the 

ZPROJECT module 

 zlist_A  function that displays input data 

 zlist_B  function that displays output data 

 

ZPROJECT maintains the project's main functions; links to the 

ZLISTANB, ZEIPORT, and ZCOMPLIE modules 

 proj_grid  sets up device data 

 proj_trace  sets up trace function 

 proj_stack  sets up stack data 
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ZRECORD maintains the program's database (the project list 

and the input/output lists); used by the ZPROJECT, ZCOMPILE, and 

MAIN modules 

 zrecord_dnl  controls the input data records 

 zrecord_mfdsa controls the project records 

 zrecord_prc  controls the output data records 

 zreset  resets the project input/output records 
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type prcSpace 

  prc_n as short 

  dev_n as short 

  stp_n as short 

  text  as string*8 

  move  as short 

  ini_x as short 

  ini_y as short 

  fin_x as short 

  fin_y as short 

  t_cnt as short 

  w_cnt as short 

end type 

dim shared prc(32767) as prcSpace 

 

type stackSpace 

  dev_n as short 

  dev_s as string*1 

  delta as short 

  move  as short 

  cur_x as short 

  cur_y as short 

  fin_x as short 

  fin_y as short 

  cntrl as short 

end type 

dim shared stack(32767) as stackSpace 

 

type ptableSpace 

  null as short 

  blck as short 

  leng as short 

end type 

dim shared ptable(2) as ptableSpace 

 

type qtableSpace 

  forb  as short 

  blck  as short 

  dense as short 

  move  as short 

  upd_x as short 

  upd_y as short 

end type 

dim shared qtable(4) as qtableSpace 

 

dim shared grid(1024,1024) as short,IDX(8,32767) as short,g as 

short,max_dev as short,trg_dev as short,cur_dev as short,tot_dev 

as short,cur_prc as short,tot_prc as short 

 

const GF=0 

const GB=1 

const XK=2 

const XF=2 

const XB=-2 
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const LR=1 

const UD=2 

const LD=3 

 

const NL=0 

const UP=1 

const DN=2 

const LT=3 

const RT=4 

 

declare sub build_idxA(...) 

declare sub build_idxB(...) 

declare sub build_dlp(...) 

declare sub load(...) 

declare sub save(...) 

declare sub sift(...) 

declare sub sort(...) 

 

declare function free(...) 

declare function mkcda$(...) 

declare function mkcdz$(...) 

declare function mkdrp$(...) 

declare function mkgnw$(...) 

declare function pack(...) 

 

declare sub prompt_list_A(...) 

declare sub prompt_list_B(...) 

declare sub prompt_main(...) 

declare sub prompt_project(...) 

declare sub record_list_A1(...) 

declare sub record_list_A2(...) 

declare sub record_list_B(...) 

declare sub record_main1(...) 

declare sub record_main2(...) 

declare sub record_project1(...) 

declare sub record_project2(...) 

declare sub record_project3(...) 

 

declare sub export_devl(...) 

declare sub export_lstl(...) 

declare sub export_prcl(...) 

declare sub export_raw(...) 

declare sub export_stat(...) 

declare sub import_dev(...) 

declare sub import_lst(...) 

 

declare function check_dev(...) 

declare function check_fin(...) 

declare function check_gns(...) 

declare function check_ini(...) 

declare function check_mfsd(...) 

declare function check_off(...) 

declare function check_sng(...) 
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declare sub build_ptable(...) 

declare sub build_qtable(...) 

declare sub grid_000(...) 

declare sub grid_add(...) 

declare sub grid_sub(...) 

declare sub grid_upd(...) 

declare sub stack_add(...) 

declare sub stack_sub(...) 

 

declare function dense(...) 

declare function scan_ptable(...) 

declare function scan_qtable(...) 

declare function switch(...) 

declare function symbol$(...) 

declare function test(...) 

declare function text$(...) 

 

declare sub proj_grid(...) 

declare sub proj_trace(...) 

declare function proj_stack(...) 

 

declare sub zlist_A(...) 

declare sub zlist_B(...) 

 

declare sub zexport(...) 

declare sub zimport(...) 

declare sub zprntscrn(...) 

 

declare sub zrecord_dnl(...) 

declare sub zrecord_mfdsa(...) 

declare sub zrecord_prc(...) 

declare sub zreset(...) 

 

declare sub zcompile(...) 

 

declare sub zproject(...) 

  



154 

 

APPLIB Module: 

sub build_idxA(n,u) 

  IDX(u,0)=0 

  for z0=1 to idxA.a_record 

    load n,z0,"IDXB" 

    if idxB(z0).cntrl<>"*" then 

      IDX(u,0)=IDX(u,0)+1 

      IDX(u,IDX(u,0))=z0 

    end if 

    save n,z0,"IDXB" 

  next z0 

end sub 

 

sub build_idxB(n,u) 

  for z0=1 to IDX(u,0) 

    ZCMD 100,idxB(IDX(u,z0)).fmfdsa,"B",PASS 

    load 100,IDX(u,z0),"MFDSA" 

    save 100,IDX(u,z0),"MFDSA" 

    ZCMD 100,"","",FAIL 

  next z0 

end sub 

 

sub build_dlp(n,u,zmax,CTRL$) 

  IDX(u,0)=0 

  for z0=1 to zmax 

    load n,z0,CTRL$ 

    if (CTRL$<>"DEV" ) or (CTRL$="DEV"  and dev(z0).cntrl<> 

     "*" ) then 

      if (CTRL$<>"LST" ) or (CTRL$="LST"  and lst(z0).cntrl  

      <>"*" ) then 

        IDX(u,0)=IDX(u,0)+1 

        IDX(u,IDX(u,0))=z0 

      end if 

    end if 

  next z0 

end sub 

 

sub load(n,k,CTRL$) 

  select case CTRL$ 

  case "IDXA": 

    seek #n,1 

    ZGET n,tpx$,2: idxA.a_record=cvshort(tpx$) 

    ZGET n,tpx$,2: idxA.r_record=cvshort(tpx$) 

    ZGET n,tpx$,2: idxA.m_record=cvshort(tpx$) 

  case "IDXB": 

    seek #n,42&*(k-1)+10 

    ZGET n,idxB(k).fmfdsa,9 

    ZGET n,idxB(k).fname,32 

    ZGET n,idxB(k).cntrl,1 
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  case "MFDSA": 

    seek #n,1 

    ZGET n,tpx$,2: mfdsa(k).acode=cvshort(tpx$) 

    ZGET n,tpx$,2: mfdsa(k).zcode=cvshort(tpx$) 

    ZGET n,tpx$,2: mfdsa(k).n   =cvshort(tpx$) 

    ZGET n,tpx$,2: mfdsa(k).m   =cvshort(tpx$) 

    ZGET n,tpx$,2: mfdsa(k).t   =cvshort(tpx$) 

    ZGET n,tpx$,2: mfdsa(k).t_dev=cvshort(tpx$) 

    ZGET n,tpx$,2: mfdsa(k).t_lst=cvshort(tpx$) 

    ZGET n,tpx$,2: mfdsa(k).t_prc=cvshort(tpx$) 

    ZGET n,tpx$,2: mfdsa(k).t_stp=cvshort(tpx$) 

    ZGET n,tpx$,10: mfdsa(k).c_dte=tpx$ 

    ZGET n,tpx$,8: mfdsa(k).c_tme=tpx$ 

  case "DEV": 

    seek #n,66&*(k-1)+1+36 

    ZGET n,tpx$,2: dev(k).dev_n=cvshort(tpx$) 

    ZGET n,tpx$,2: dev(k).ini_x=cvshort(tpx$) 

    ZGET n,tpx$,2: dev(k).ini_y=cvshort(tpx$) 

    ZGET n,tpx$,2: dev(k).fin_x=cvshort(tpx$) 

    ZGET n,tpx$,2: dev(k).fin_y=cvshort(tpx$) 

    ZGET n,tpx$,4: dev(k).off_x=cvs(tpx$) 

    ZGET n,tpx$,4: dev(k).off_y=cvs(tpx$) 

    ZGET n,tpx$,4: dev(k).mass =cvs(tpx$) 

    ZGET n,tpx$,4: dev(k).fric =cvs(tpx$) 

    ZGET n,tpx$,4: dev(k).size =cvs(tpx$) 

    ZGET n,tpx$,2: dev(k).delta=cvshort(tpx$) 

    ZGET n,tpx$,1: dev(k).cntrl=tpx$ 

  case "LST": 

    seek #n,66&*(k-1)+34+36 

    ZGET n,tpx$,2: lst(k).lst_n=cvshort(tpx$) 

    ZGET n,tpx$,2: lst(k).dev_n=cvshort(tpx$) 

    ZGET n,tpx$,1: lst(k).cntrl=tpx$ 

  case "PRC": 

    seek #n,66&*(k-1)+39+36 

    ZGET n,tpx$,2: prc(k).prc_n=cvshort(tpx$) 

    ZGET n,tpx$,2: prc(k).dev_n=cvshort(tpx$) 

    ZGET n,tpx$,2: prc(k).stp_n=cvshort(tpx$) 

    ZGET n,tpx$,8: prc(k).text =tpx$ 

    ZGET n,tpx$,2: prc(k).move =cvshort(tpx$) 

    ZGET n,tpx$,2: prc(k).ini_x=cvshort(tpx$) 

    ZGET n,tpx$,2: prc(k).ini_y=cvshort(tpx$) 

    ZGET n,tpx$,2: prc(k).fin_x=cvshort(tpx$) 

    ZGET n,tpx$,2: prc(k).fin_y=cvshort(tpx$) 

    ZGET n,tpx$,2: prc(k).t_cnt=cvshort(tpx$) 

    ZGET n,tpx$,2: prc(k).w_cnt=cvshort(tpx$) 

  end select 

end sub 

 

sub save(n,k,CTRL$) 

  select case CTRL$ 

  case "IDXA": 

    seek #n,1 

    ZPUT n,mkshort$(idxA.a_record),2 

    ZPUT n,mkshort$(idxA.r_record),2 

    ZPUT n,mkshort$(idxA.m_record),2 
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  case "IDXB": 

    seek #n,42&*(k-1)+10 

    ZPUT n,idxB(k).fmfdsa,9 

    ZPUT n,idxB(k).fname,32 

    ZPUT n,idxB(k).cntrl,1 

  case "MFDSA": 

    seek #n,1 

    ZPUT n,mkshort$(mfdsa(k).acode),2 

    ZPUT n,mkshort$(mfdsa(k).zcode),2 

    ZPUT n,mkshort$(mfdsa(k).n),    2 

    ZPUT n,mkshort$(mfdsa(k).m),    2 

    ZPUT n,mkshort$(mfdsa(k).t),    2 

    ZPUT n,mkshort$(mfdsa(k).t_dev),2 

    ZPUT n,mkshort$(mfdsa(k).t_lst),2 

    ZPUT n,mkshort$(mfdsa(k).t_prc),2 

    ZPUT n,mkshort$(mfdsa(k).t_stp),2 

    ZPUT n,mfdsa(k).c_dte,         10 

    ZPUT n,mfdsa(k).c_tme,          8 

  case "DEV": 

    seek #n,66&*(k-1)+1+36 

    ZPUT n,mkshort$(dev(k).dev_n), 2 

    ZPUT n,mkshort$(dev(k).ini_x), 2 

    ZPUT n,mkshort$(dev(k).ini_y), 2 

    ZPUT n,mkshort$(dev(k).fin_x), 2 

    ZPUT n,mkshort$(dev(k).fin_y), 2 

    ZPUT n,mks$(dev(k).off_x),     4 

    ZPUT n,mks$(dev(k).off_y),     4 

    ZPUT n,mks$(dev(k).mass),      4 

    ZPUT n,mks$(dev(k).fric),      4 

    ZPUT n,mks$(dev(k).size),      4 

    ZPUT n,mkshort$(dev(k).delta), 2 

    ZPUT n,dev(k).cntrl,           1 

  case "LST": 

    seek #n,66&*(k-1)+34+36 

    ZPUT n,mkshort$(lst(k).lst_n), 2 

    ZPUT n,mkshort$(lst(k).dev_n), 2 

    ZPUT n,lst(k).cntrl,           1 

  case "PRC": 

    seek #n,66&*(k-1)+39+36 

    ZPUT n,mkshort$(prc(k).prc_n), 2 

    ZPUT n,mkshort$(prc(k).dev_n), 2 

    ZPUT n,mkshort$(prc(k).stp_n), 2 

    ZPUT n,prc(k).text,            8 

    ZPUT n,mkshort$(prc(k).move),  2 

    ZPUT n,mkshort$(prc(k).ini_x), 2 

    ZPUT n,mkshort$(prc(k).ini_y), 2 

    ZPUT n,mkshort$(prc(k).fin_x), 2 

    ZPUT n,mkshort$(prc(k).fin_y), 2 

    ZPUT n,mkshort$(prc(k).t_cnt), 2 

    ZPUT n,mkshort$(prc(k).w_cnt), 2 

  end select 

end sub 
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sub sift(u1,u2) 

  IDX(u2,0)=0 

  for z0=1 to IDX(u1,0) 

    if (HASH0$( 0)="") or (HASH0$( 0)<>"" and prc(IDX(u1, 

     z0)).prc_n=cvshort(HASH0$( 0))) then 

      if (HASH0$( 1)="") or (HASH0$( 1)<>"" and prc(IDX(u1, 

       z0)).dev_n=cvshort(HASH0$( 1))) then 

        if (HASH0$( 2)="") or (HASH0$( 2)<>"" and prc(IDX(u1, 

         z0)).stp_n=cvshort(HASH0$( 2))) then 

          if (HASH0$( 3)="") or (HASH0$( 3)<>"" and  

           prc(IDX(u1,z0)).text=HASH0$( 3)) then 

            if (HASH0$( 4)="") or (HASH0$( 4)<>"" and  

             prc(IDX(u1,z0)).move=cvshort(HASH0$( 4))) then 

              if (HASH0$( 5)="") or (HASH0$( 5)<>"" and  

               prc(IDX(u1,z0)).ini_x=cvshort(HASH0$( 5))) then 

                if (HASH0$( 6)="") or (HASH0$( 6)<>"" and  

                 prc(IDX(u1,z0)).ini_y=cvshort(HASH0$( 6)))  

                 then 

                  if (HASH0$( 7)="") or (HASH0$( 7)<>"" and  

                   prc(IDX(u1,z0)).fin_x=cvshort(HASH0$( 7)))  

                   then 

                    if (HASH0$( 8)="") or (HASH0$( 8)<>"" and  

                     prc(IDX(u1,z0)).fin_y=cvshort(HASH0$(8))) 

                     then 

                      if (HASH0$( 9)="") or (HASH0$( 9)<>""  

                       and prc(IDX(u1,z0)).t_cnt= 

                       cvshort(HASH0$( 9))) then 

                        if (HASH0$(10)="") or (HASH0$(10)<>""  

                         and prc(IDX(u1,z0)).w_cnt= 

                         cvshort(HASH0$(10))) then 

                          IDX(u2,0)=IDX(u2,0)+1 

                          IDX(u2,IDX(u2,0))=IDX(u1,z0) 

                        end if 

                      end if 

                    end if 

                  end if 

                end if 

              end if 

            end if 

          end if 

        end if 

      end if 

    end if 

  next z0 

end sub 

 

sub sort(u) 

  zgap=IDX(u,0) \ 2 

  do 

    CTRL=FAIL 

    zmax=IDX(u,0) 

    do 

      CTRL=PASS 

      for z0=1 to zmax-zgap 

        tpa$=ZSORT$(idxB(IDX(u,z0)).fname)+ 

         ZSORT$(idxB(IDX(u,z0)).fmfdsa) 
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        tpb$=ZSORT$(idxB(IDX(u,z0+zgap)).fname)+ 

         ZSORT$(idxB(IDX(u,z0+zgap)).fmfdsa) 

        if tpa$>tpb$ then 

          CTRL=FAIL 

          zmin=z0 

          swap IDX(u,z0),IDX(u,z0+zgap) 

        end if 

      next z0 

      zmax=zmin 

    loop until CTRL<>FAIL 

    zgap=zgap \ 2 

  loop until zgap<=0 

end sub 

 

function free() 

  if idxA.a_record<>idxA.r_record then 

    for z0=1 to idxA.a_record 

      if idxB(z0).cntrl="*" then 

        idxA.a_record=idxA.a_record+0 

        idxA.r_record=idxA.r_record+1 

        return z0 

      end if 

    next z0 

  else 

    if idxA.a_record<>idxA.m_record then 

      idxA.a_record=idxA.a_record+1 

      idxA.r_record=idxA.r_record+1 

      return idxA.a_record 

    end if 

  end if 

  return 0 

end function 

 

function mkcda$(CTRL) 

  select case CTRL 

  case FAIL: return "READONLY" 

  case PASS: return " INSERT " 

  end select 

end function 

 

function mkcdz$(CTRL) 

  select case CTRL 

  case FAIL: return "FAIL" 

  case PASS: return "PASS" 

  end select 

end function 

 

function mkdrp$(CTRL) 

  select case CTRL 

  case FAIL: return "Y" 

  case PASS: return "N" 

  end select 

end function 
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function mkgnw$(CTRL) 

  select case CTRL 

  case 1: return "WINDOW" 

  case 2: return " GRID " 

  end select 

end function 

 

function pack(n,tpx$,zmax,CTRL$) 

  select case CTRL$ 

  case "MFDSA": 

    tpx=free 

    if tpx<>0 then 

      idxB(tpx).fmfdsa="MFDSA"+ZTEXT$(str$(tpx),"0",5,"R") 

      idxB(tpx).fname=tpx$ 

      idxB(tpx).cntrl="#" 

      save n,tpx,"IDXB" 

      mfdsa(tpx).acode=PASS 

      mfdsa(tpx).zcode=FAIL 

      mfdsa(tpx).n   =10 

      mfdsa(tpx).m   =0 

      mfdsa(tpx).t   =0 

      mfdsa(tpx).t_dev=0 

      mfdsa(tpx).t_lst=0 

      mfdsa(tpx).t_prc=0 

      mfdsa(tpx).t_stp=0 

      mfdsa(tpx).c_dte=date$ 

      mfdsa(tpx).c_tme=time$ 

      ZCMD 100,idxB(tpx).fmfdsa,"B",PASS 

      save 100,tpx,"MFDSA" 

      ZCMD 100,"","",FAIL 

    end if 

  case "DEV","LST","PRC": 

    tpx=ZCOMP(zmax<>32767,zmax+1,0) 

    if tpx<>0 then 

      select case CTRL$ 

      case "DEV": 

        dev(tpx).dev_n=tpx 

        dev(tpx).ini_x=0 

        dev(tpx).ini_y=0 

        dev(tpx).fin_x=0 

        dev(tpx).fin_y=0 

        dev(tpx).off_x=0 

        dev(tpx).off_y=0 

        dev(tpx).mass=0 

        dev(tpx).fric=0 

        dev(tpx).size=0 

        dev(tpx).delta=0 

        dev(tpx).cntrl="*" 

        save n,tpx,"DEV" 

        zmax=tpx 

      case "LST": 

        lst(tpx).lst_n=tpx 

        lst(tpx).dev_n=0 

        lst(tpx).cntrl="*" 

        save n,tpx,"LST" 

        zmax=tpx 
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      case "PRC": 

        prc(tpx).prc_n=tpx 

        prc(tpx).dev_n=0 

        prc(tpx).stp_n=0 

        prc(tpx).text=tpx$ 

        prc(tpx).move=0 

        prc(tpx).ini_x=0 

        prc(tpx).ini_y=0 

        prc(tpx).fin_x=0 

        prc(tpx).fin_y=0 

        prc(tpx).t_cnt=0 

        prc(tpx).w_cnt=0 

        save n,tpx,"PRC" 

        zmax=tpx 

      end select 

    end if 

  end select 

  return tpx 

end function 
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CMPLIB Module: 

sub build_ptable(j) 

  ptable(LR).leng=stack(j).fin_x-stack(j).cur_x 

  if ptable(LR).leng=0 then ptable(LR).null=PASS else  

   ptable(LR).null=FAIL 

  if (stack(j).cur_y=0) or (stack(j).cur_y=g+1) then 

    ptable(LR).blck=PASS 

  else 

    ptable(LR).blck=FAIL 

    for y0=stack(j).cur_y-stack(j).delta to stack(j).cur_y+ 

     stack(j).delta 

      for x0=stack(j).cur_x+sgn(ptable(LR).leng)* 

       (stack(j).delta+1) to stack(j).fin_x step  

       sgn(ptable(LR).leng) 

        if grid(x0,y0)<>GF then ptable(LR).blck=PASS: exit  

         for 

      next x0 

    next y0 

  end if 

   

  ptable(UD).leng=stack(j).fin_y-stack(j).cur_y 

  if ptable(UD).leng=0 then ptable(UD).null=PASS else  

   ptable(UD).null=FAIL 

  if (stack(j).cur_x=0) or (stack(j).cur_x=g+1) then 

    ptable(UD).blck=PASS 

  else 

    ptable(UD).blck=FAIL 

    for x0=stack(j).cur_x-stack(j).delta to stack(j).cur_x+ 

     stack(j).delta 

      for y0=stack(j).cur_y+sgn(ptable(UD).leng)* 

       (stack(j).delta+1) to stack(j).fin_y step  

       sgn(ptable(UD).leng) 

        if grid(x0,y0)<>GF then ptable(UD).blck=PASS: exit  

         for 

      next y0 

    next x0 

  end if 

end sub 

 

sub build_qtable(j) 

  qtable(UP).upd_x=stack(j).cur_x 

  qtable(UP).upd_y=stack(j).cur_y+1 

  if (abs(grid(qtable(UP).upd_x,qtable(UP).upd_y))=XK) or  

   (qtable(UP).upd_y>g+1) then qtable(UP).forb=PASS else  

   qtable(UP).forb=FAIL 

  qtable(UP).blck=FAIL 

  for z0=qtable(UP).upd_x-stack(j).delta to qtable(UP).upd_x  

  +stack(j).delta 

    if (abs(grid(z0,qtable(UP).upd_y))=XK) or (grid(z0, 

    qtable(UP).upd_y)=GB) then qtable(UP).blck=PASS: exit for 

  next z0 

  if stack(j).move=DN then qtable(UP).move=PASS else  

   qtable(UP).move=FAIL 

  qtable(UP).dense=dense(j,qtable(UP).upd_x,qtable(UP).upd_y) 
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  qtable(DN).upd_x=stack(j).cur_x 

  qtable(DN).upd_y=stack(j).cur_y-1 

  if (abs(grid(qtable(DN).upd_x,qtable(DN).upd_y))=XK) or  

   (qtable(DN).upd_y<0) then qtable(DN).forb=PASS else  

   qtable(DN).forb=FAIL 

  qtable(DN).blck=FAIL 

  for z0=qtable(DN).upd_x-stack(j).delta to qtable(DN).upd_x  

  +stack(j).delta 

    if (abs(grid(z0,qtable(DN).upd_y))=XK) or (grid(z0, 

     qtable(DN).upd_y)=GB) then qtable(DN).blck=PASS: exit  

     for 

  next z0 

  if stack(j).move=UP then qtable(DN).move=PASS else  

   qtable(DN).move=FAIL 

  qtable(DN).dense=dense(j,qtable(DN).upd_x,qtable(DN).upd_y) 

   

  qtable(LT).upd_x=stack(j).cur_x-1 

  qtable(LT).upd_y=stack(j).cur_y 

  if (abs(grid(qtable(LT).upd_x,qtable(LT).upd_y))=XK) or  

   (qtable(LT).upd_x<0) then qtable(LT).forb=PASS else  

   qtable(LT).forb=FAIL 

  qtable(LT).blck=FAIL 

  for z0=qtable(LT).upd_y-stack(j).delta to qtable(LT).upd_y  

  +stack(j).delta 

    if (abs(grid(qtable(LT).upd_x,z0))=XK) or  

     (grid(qtable(LT).upd_x,z0)=GB) then qtable(LT).blck= 

     PASS: exit for 

  next z0 

  if stack(j).move=RT then qtable(LT).move=PASS else  

   qtable(LT).move=FAIL 

  qtable(LT).dense=dense(j,qtable(LT).upd_x,qtable(LT).upd_y) 

   

  qtable(RT).upd_x=stack(j).cur_x+1 

  qtable(RT).upd_y=stack(j).cur_y 

  if (abs(grid(qtable(RT).upd_x,qtable(RT).upd_y))=XK) or  

   (qtable(RT).upd_x>g+1) then qtable(RT).forb=PASS else  

  qtable(RT).forb=FAIL 

  qtable(RT).blck=FAIL 

  for z0=qtable(RT).upd_y-stack(j).delta to qtable(RT).upd_y  

  +stack(j).delta 

    if (abs(grid(qtable(RT).upd_x,z0))=XK) or  

     (grid(qtable(RT).upd_x,z0)=GB) then qtable(RT).blck= 

     PASS: exit for 

  next z0 

  if stack(j).move=LT then qtable(RT).move=PASS else  

   qtable(RT).move=FAIL 

  qtable(RT).dense=dense(j,qtable(RT).upd_x,qtable(RT).upd_y) 

end sub 
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sub grid_000() 

  erase grid 

  for x0=0 to g+1 

    for y0=0 to g+1 

      grid(x0,y0)=XF 

      if x0>=1 and x0<=g then 

        if y0>=1 and y0<=g then 

          grid(x0,y0)=GF 

        end if 

      end if 

    next y0 

  next x0 

end sub 

 

sub grid_add(j) 

  for x0=stack(j).cur_x-stack(j).delta to stack(j).cur_x+ 

   stack(j).delta 

    for y0=stack(j).cur_y-stack(j).delta to stack(j).cur_y+ 

     stack(j).delta 

      if x0>=0 and x0<=g+1 then 

        if y0>=0 and y0<=g+1 then 

          if grid(x0,y0)=XF then grid(x0,y0)=XB 

          if grid(x0,y0)=GF then grid(x0,y0)=GB 

        end if 

      end if 

    next y0 

  next x0 

end sub 

 

sub grid_sub(j) 

  for x0=stack(j).cur_x-stack(j).delta to stack(j).cur_x+ 

   stack(j).delta 

    for y0=stack(j).cur_y-stack(j).delta to stack(j).cur_y+ 

     stack(j).delta 

      if x0>=0 and x0<=g+1 then 

        if y0>=0 and y0<=g+1 then 

          if grid(x0,y0)=XB then grid(x0,y0)=XF 

          if grid(x0,y0)=GB then grid(x0,y0)=GF 

        end if 

      end if 

    next y0 

  next x0 

end sub 

 

sub grid_upd() 

  grid_000 

  for j=1 to max_dev 

    if stack(j).cntrl=PASS then 

      grid_add j 

    end if 

  next j 

end sub 
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sub stack_add(n,stp,t_cnt,w_cnt) 

  for j=1 to max_dev 

    if stack(j).cntrl<>PASS then 

      if test(lst(IDX(2,cur_dev+1)).dev_n)<>FAIL then 

        if cur_dev<tot_dev then 

          cur_dev=cur_dev+1 

          stack(j).dev_n=lst(IDX(2,cur_dev)).dev_n 

          stack(j).dev_s=symbol$(lst(IDX(2,cur_dev)).dev_n) 

          stack(j).delta=dev(lst(IDX(2,cur_dev)).dev_n).delta 

          stack(j).move=NL 

          stack(j).cur_x=dev(lst(IDX(2,cur_dev)).dev_n).ini_x 

          stack(j).cur_y=dev(lst(IDX(2,cur_dev)).dev_n).ini_y 

          stack(j).fin_x=dev(lst(IDX(2,cur_dev)).dev_n).fin_x 

          stack(j).fin_y=dev(lst(IDX(2,cur_dev)).dev_n).fin_y 

          stack(j).cntrl=PASS 

          zrecord_prc n,stp,j,"*!INJT!*",t_cnt,w_cnt 

          exit for 

        end if 

      end if 

    end if 

  next j 

end sub 

 

sub stack_sub(j) 

  stack(j).dev_n=0 

  stack(j).dev_s="" 

  stack(j).delta=0 

  stack(j).move=NL 

  stack(j).cur_x=0 

  stack(j).cur_y=0 

  stack(j).fin_x=0 

  stack(j).fin_y=0 

  stack(j).cntrl=FAIL 

end sub 

 

function dense(j,cur_x,cur_y) 

  tpx=0 

  for x0=cur_x-(stack(j).delta+1) to cur_x+ 

   (stack(j).delta+1) 

    for y0=cur_y-(stack(j).delta+1) to cur_y+ 

     (stack(j).delta+1) 

      if x0>=0 and x0<=g+1 then 

        if y0>=0 and y0<=g+1 then 

          tpx=tpx+grid(x0,y0) ^ 2 

        end if 

      end if 

    next y0 

  next x0 

  return tpx 

end function 
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function scan_ptable() 

  tpx=NL 

  for z0=LR to UD 

    if ptable(z0).null=FAIL then 

      if ptable(z0).blck=FAIL then 

        tpx=tpx+z0 

      end if 

    end if 

  next z0 

  if tpx=LD then if abs(ptable(LR).leng)<abs(ptable(UD).leng)  

   then tpx=LR else tpx=UD 

  return tpx 

end function 

 

function scan_qtable() 

  tpx=NL 

  for z0=UP to RT 

    if qtable(z0).forb=FAIL then 

      if qtable(z0).blck=FAIL then 

        if qtable(z0).move=FAIL then 

          if (tpx=NL) or (tpx<>NL and qtable(z0).dense< 

           qtable(tpx).dense) then tpx=z0 

        end if 

      end if 

    end if 

  next z0 

  return tpx 

end function 

 

function switch(CTRL) 

  tpx=NL 

  select case CTRL 

  case LR: if ptable(CTRL).leng<0 then tpx=LT else tpx=RT 

  case UD: if ptable(CTRL).leng<0 then tpx=DN else tpx=UP 

  end select 

  return tpx 

end function 

 

function symbol$(CTRL) 

  return chr$(asc("A")+((CTRL mod 26)-1)) 

end function 
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function test(CTRL) 

  tpx=PASS 

  for x0=dev(CTRL).ini_x-dev(CTRL).delta to dev(CTRL).ini_x+ 

   dev(CTRL).delta 

    for y0=dev(CTRL).ini_y-dev(CTRL).delta to dev(CTRL).ini_y  

    +dev(CTRL).delta 

      if x0>=0 and x0<=g+1 then 

        if y0>=0 and y0<=g+1 then 

          if (grid(x0,y0)=XB) or (grid(x0,y0)=GB) then tpx  

         =FAIL: exit for 

        end if 

      end if  

    next y0 

  next x0 

  return tpx 

end function 

 

function text$(CTRL) 

  tpx$="NL" 

  select case CTRL 

  case UP: tpx$="UP" 

  case DN: tpx$="DN" 

  case LT: tpx$="LT" 

  case RT: tpx$="RT" 

  end select 

  return tpx$ 

end function 

 

sub proj_grid(CTRL) 

  erase grid 

  for j=1 to CTRL 

    for x0=stack(j).cur_x-stack(j).delta to stack(j).cur_x+ 

     stack(j).delta 

      for y0=stack(j).cur_y-stack(j).delta to stack(j).cur_y  

      +stack(j).delta 

        grid(x0,y0)=j 

      next y0 

    next x0 

  next j 

end sub 

 

sub proj_trace(k,x0,y0) 

  if grid(x0,y0)<>0 then 

    for z0=1 to mfdsa(k).t_prc 

      if prc(z0).dev_n=stack(grid(x0,y0)).dev_n then 

        if grid(prc(z0).fin_x,prc(z0).fin_y)=0 then 

          grid(prc(z0).fin_x,prc(z0).fin_y)=grid(x0,y0) 

        end if 

      end if 

    next z0 

  end if 

end sub 
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function proj_stack(k,CTRL) 

  tpx=0  

  for z0=1 to mfdsa(k).t_prc 

    if prc(z0).stp_n=CTRL then 

      select case prc(z0).text 

      case "MOVEMENT": 

        tpx=tpx+1 

        stack(tpx).dev_n=prc(z0).dev_n 

        stack(tpx).dev_s=symbol$(prc(z0).dev_n) 

        stack(tpx).delta=dev(prc(z0).dev_n).delta 

        stack(tpx).move=prc(z0).move 

        stack(tpx).cur_x=prc(z0).fin_x 

        stack(tpx).cur_y=prc(z0).fin_y 

        stack(tpx).fin_x=dev(prc(z0).dev_n).fin_x 

        stack(tpx).fin_y=dev(prc(z0).dev_n).fin_y 

        stack(tpx).cntrl=PASS 

      case "*!DROP!*": 

        stack(tpx).cntrl=FAIL 

      end select 

    end if 

  next z0 

  return tpx 

end function 
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GUILIB Module: 

sub prompt_list_A(tpx$,tpa,tpb) 

  ZWINDOWM "MFDSA-Swarm Algorithm,v3   //   List: "+tpx$,"", 

   "" '"Error/Message" 

  ZWINDOWS "Lst #",5,3,40,10,tpa 

  ZWINDOWS "Dev #   (ini-X,ini-Y)<=>(fin-X,fin-Y)/(off-X, 

   off-Y)         Mass         Fric         Size     Delta",5, 

   14,40,113,tpb 

end sub 

 

sub prompt_list_B(tpx$) 

  ZWINDOWM "MFDSA-Swarm Algorithm,v3   //   List: "+tpx$,"", 

   "" '"Error/Message" 

  ZWINDOWS "  Prc #      Dev #      Stp #      Instruct      MV       

   (ini-X,ini-Y)  <=>  (fin-X,fin-Y)      T-Count     W- 

   Count",5,3,40,124,WIRE 

end sub 

 

sub prompt_main(tpx$) 

  ZWINDOWM "MFDSA-Swarm Algorithm,v3   //   Main: "+tpx$,"", 

   "" '"Error/Message" 

  ZWINDOWS "Project(s)",5,3,40,36,ACT1 

  ZWINDOWS "Summary",   5,40,40,87,ACT2 

  ZPRINT "  Project  Information ",9,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT "=======================",10,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT " File MFDSA-         ",12,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT " File Name-          ",13,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT " File Mode-          ",14,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT " Comp Date-          ",16,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT " Comp Time-          ",17,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT " Comp Stat-          ",18,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT " Simulator Information ",22,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT "=======================",23,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT "  Grid nxn-          ",25,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT "   Max Dev-          ",26,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT "   Trg Dev-          ",27,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT "   Misc.   Information ",31,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT "=======================",32,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT " Total Dev-          ",34,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 
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  ZPRINT " Total Lst-          ",35,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT " Total Prc-          ",36,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

  ZPRINT " Total Stp-          ",37,42,RGBA0(WIRE,2), 

   RGBA0(WIRE,1) 

end sub 

 

sub prompt_project(tpx$) 

  ZWINDOWM "MFDSA-Swarm Algorithm,v3   //   Project: "+tpx$, 

   "","" '"Error/Message" 

  ZWINDOWS " Project -Grid/View",5,3,40,40,ACT1 

  ZWINDOWS "Detail(s)-Simulator",5,44,20,83,ACT2 

  ZWINDOWS "Detail(s)-  Misc.  ",25,44,20,83,ACT2 

  ZWINDOW_G 8,32,4,40 

  ZPRINT "Grid Size (n,n)  [    ,   ]",34,6,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT "Cur. Pos. (X,Y)  [    ,   ]",36,6,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT "Cur. Stp.        [    /    ]",38,6,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT "Display Mode:                 ",41,6,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT "  Project  Information        ",9,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT "=======================      ",10,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT " File MFDSA-                ",11,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT " File Name-                 ",12,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT " File Mode-                 ",13,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT " Comp Date-                 ",14,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT " Comp Time-                 ",15,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT " Comp Stat-                 ",16,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT " Simulator Information        ",18,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT "=======================      ",19,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT "  Grid nxn-                 ",20,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT "   Max Dev-                 ",21,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT "   Trg Dev-                 ",22,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT "    Device-      [Symbol: ] ",29,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT " Cur. Pos.-[    ,    ]   ",31,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT " Ini. Pos.-[    ,    ]   ",32,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT " Fin. Pos.-[    ,    ]   ",33,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 
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  ZPRINT " Off. Pos.-[    ,    ]   ",34,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1)  

  ZPRINT "      Mass-                 ",36,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT "      Fric-                 ",37,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT "      Size-                 ",38,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT "     Delta-                 ",39,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

  ZPRINT "  Dropped?-                 ",41,46,RGBA0(WIRE, 

   2),RGBA0(WIRE,1) 

end sub 

 

sub record_list_A1(f0,f1,f2) 

  for z0=f1 to f2 

    if z0=f0 then color RGBA0(MAIN,2),RGBA0(MAIN,1) 

    locate 8+(z0-f1),4 

    print using " #####! "; lst(z0).dev_n; lst(z0).cntrl 

    if z0=f0 then color RGBA0(MAIN,1),RGBA0(MAIN,2) 

  next z0 

end sub 

 

sub record_list_A2(f0,f1,f2) 

  for z0=f1 to f2 

    if z0=f0 then color RGBA0(MAIN,2),RGBA0(MAIN,1) 

    locate 8+(z0-f1),15 

    print using " #####!    ####_,####        ####_,####      

     #.###_,#.###   ##.####^^^^  ##.####^^^^  ##.####^^^^       

     ####   "; dev(z0).dev_n; dev(z0).cntrl; dev(z0).ini_x;  

     dev(z0).ini_y; dev(z0).fin_x; dev(z0).fin_y; dev(z0).off_x;  

     dev(z0).off_y; dev(z0).mass; dev(z0).fric; dev(z0).size;  

     dev(z0).delta 

    if z0=f0 then color RGBA0(MAIN,1),RGBA0(MAIN,2) 

  next z0 

end sub 

 

sub record_list_B(f0,f1,f2,u) 

  for z0=f1 to f2 

    if z0=f0 then color RGBA0(MAIN,2),RGBA0(MAIN,1) 

    locate 8+(z0-f1),4 

    print using "   #####      #####      #####      \      \       

     \ \       ####_,####            ####_,####         #####        

     #####  "; prc(IDX(u,z0)).prc_n; prc(IDX(u,z0)).dev_n;  

     prc(IDX(u,z0)).stp_n; prc(IDX(u,z0)).text;  

     text$(prc(IDX(u,z0)).move); prc(IDX(u,z0)).ini_x;  

     prc(IDX(u,z0)).ini_y; prc(IDX(u,z0)).fin_x; prc(IDX(u, 

     z0)).fin_y; prc(IDX(u,z0)).t_cnt; prc(IDX(u,z0)).w_cnt 

    if z0=f0 then color RGBA0(MAIN,1),RGBA0(MAIN,2) 

  next z0 

end sub 
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sub record_main1(f0,f1,f2,u) 

  for z0=f1 to f2 

    if z0=f0 then color RGBA0(MAIN,2),RGBA0(MAIN,1) 

    locate 8+(z0-f1),4 

    print using " \                              \ "; idxB(IDX(u, 

     z0)).fname 

    if z0=f0 then color RGBA0(MAIN,1),RGBA0(MAIN,2) 

  next z0 

end sub 

 

sub record_main2(k) 

  locate 12,57 

  print using "\       \"; idxB(k).fmfdsa 

  locate 13,57 

  print using "\                              \"; idxB(k).fname 

  locate 14,57 

  print using "\      \"; mkcda$(mfdsa(k).acode) 

  locate 16,57 

  print using "\        \"; mfdsa(k).c_dte 

  locate 17,57 

  print using "\      \"; mfdsa(k).c_tme 

  locate 18,57 

  print using "\  \";  mkcdz$(mfdsa(k).zcode) 

  locate 25,57 

  print using "#####"; mfdsa(k).n 

  locate 26,57 

  print using "#####"; mfdsa(k).m 

  locate 27,57 

  print using "#####"; mfdsa(k).t 

  locate 34,57 

  print using "#####"; mfdsa(k).t_dev 

  locate 35,57 

  print using "#####"; mfdsa(k).t_lst 

  locate 36,57 

  print using "#####"; mfdsa(k).t_prc 

  locate 37,57 

  print using "#####"; mfdsa(k).t_stp 

end sub 

 

sub record_project1(k,t0,f0,f1,f2,g0,g1,g2,CTRL) 

  color RGBA0(MAIN,1),RGBA0(MAIN,2) 

  for z0=f1 to f2 

    for a0=g1 to g2 

      select case grid(z0,a0) 

      case is<>0: 

        color 0,10 

        if z0=f0 and a0=g0 then color 0,14 

        locate (31-(a0-g1)*2),(5+(z0-f1)*3) 

        print stack(grid(z0,a0)).dev_s+chr$(asc("*")* 

         (stack(grid(z0,a0)).cntrl+1)); 

        if z0=f0 and a0=g0 then color 0,10 
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      case is=0: 

        color 0,15 

        if z0=f0 and a0=g0 then color 0,14 

        locate (31-(a0-g1)*2),(5+(z0-f1)*3) 

        print "  "; 

        if z0=f0 and a0=g0 then color 0,15 

      end select 

      if ((z0=0 or z0=mfdsa(k).n+1) and (a0>=0 and a0<= 

       mfdsa(k).n+1)) or ((a0=0 or a0=mfdsa(k).n+1) and (z0  

      >=0 and z0<=mfdsa(k).n+1)) then  

        color 4,4 

        if z0=f0 and a0=g0 then color 0,14 

        locate (31-(a0-g1)*2),(5+(z0-f1)*3) 

        print "  "; 

        if z0=f0 and a0=g0 then color 4,4 

      end if 

    next a0 

  next z0 

  color RGBA0(MAIN,1),RGBA0(MAIN,2) 

  locate 34,24 

  print using "#####"; mfdsa(k).n 

  locate 34,30 

  print using "#####"; mfdsa(k).n 

  locate 36,24 

  print using "#####"; f0 

  locate 36,30 

  print using "#####"; g0 

  locate 38,24 

  print using "#####"; t0 

  locate 38,30 

  print using "#####"; mfdsa(k).t_stp 

  locate 41,20 

  print using "\    \"; mkgnw$(CTRL) 

end sub 

 

sub record_project2(k) 

  locate 11,59 

  print using "\       \"; idxB(k).fmfdsa 

  locate 12,59 

  print using "\                              \"; idxB(k).fname 

  locate 13,59 

  print using "\      \"; mkcda$(mfdsa(k).acode) 

  locate 14,59 

  print using "\        \"; mfdsa(k).c_dte 

  locate 15,59 

  print using "\      \"; mfdsa(k).c_tme 

  locate 16,59 

  print using "\  \";  mkcdz$(mfdsa(k).zcode) 

  locate 20,59 

  print using "#####"; mfdsa(k).n 

  locate 21,59 

  print using "#####"; mfdsa(k).m 

  locate 22,59 

  print using "#####"; mfdsa(k).t 

end sub 
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sub record_project3(k) 

  locate 29,59 

  print using "#####"; stack(k).dev_n 

  locate 29,73 

  print using "!"; stack(k).dev_s 

  locate 31,60 

  print using "#####"; stack(k).cur_x 

  locate 31,67 

  print using "#####"; stack(k).cur_y 

  locate 32,60 

  print using "#####"; dev(stack(k).dev_n).ini_x 

  locate 32,67 

  print using "#####"; dev(stack(k).dev_n).ini_y 

  locate 33,60 

  print using "#####"; stack(k).fin_x 

  locate 33,67 

  print using "#####"; stack(k).fin_y 

  locate 34,60 

  print using "#.###"; dev(stack(k).dev_n).off_x 

  locate 34,67 

  print using "#.###"; dev(stack(k).dev_n).off_y 

  locate 36,59 

  print using "##.####^^^^"; dev(stack(k).dev_n).mass 

  locate 37,59 

  print using "##.####^^^^"; dev(stack(k).dev_n).fric 

  locate 38,59 

  print using "##.####^^^^"; dev(stack(k).dev_n).size 

  locate 39,59 

  print using "#####"; stack(k).delta 

  locate 41,59 

  print using "!"; mkdrp$(stack(k).cntrl) 

end sub 
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MODLIB Module: 

sub export_devl(n,u) 

  print #n,"" 

  print #n," Dev #  (ini-X,ini-Y)<=>(fin-X,fin-Y)/(off-X, 

   off-Y)         Mass         Fric         Size     Delta " 

  print #n,"---------------------------------------------------- 

   --------------------------------------------------------" 

  for z0=1 to IDX(u,0) 

    print #n,using " #####    ####_,####        ####_,####      

     #.###_,#.###   ##.####^^^^  ##.####^^^^  ##.####^^^^       

     ####   "; dev(IDX(u,z0)).dev_n; dev(IDX(u,z0)).ini_x;  

     dev(IDX(u,z0)).ini_y; dev(IDX(u,z0)).fin_x; dev(IDX(u, 

     z0)).fin_y; dev(IDX(u,z0)).off_x; dev(IDX(u,z0)).off_y;  

     dev(IDX(u,z0)).mass; dev(IDX(u,z0)).fric; dev(IDX(u, 

     z0)).size; dev(IDX(u,z0)).delta 

  next z0 

  print #n,"---------------------------------------------------- 

   --------------------------------------------------------" 

  print #n,"" 

end sub 

 

sub export_lstl(n,u) 

  print #n,"" 

  print #n," Lst #   Dev # " 

  print #n,"---------------" 

  for z0=1 to IDX(u,0) 

    print #n,using " #####   ##### "; lst(IDX(u,z0)).lst_n;  

     lst(IDX(u,z0)).dev_n 

  next z0 

  print #n,"---------------" 

  print #n,"" 

end sub 

 

sub export_prcl(n,u) 

  print #n,"" 

  print #n,"  Prc #      Dev #      Stp #      Instruct      MV       

   (ini-X,ini-Y)  <=>  (fin-X,fin-Y)      T-Count     W- 

   Count " 

  print #n,"---------------------------------------------------- 

   -------------------------------------------------------------- 

   ------" 

  for z0=1 to IDX(u,0) 

    print #n,using "  #####      #####      #####      \      \       

     \ \       ####_,####            ####_,####         #####        

     ##### "; prc(IDX(u,z0)).prc_n; prc(IDX(u,z0)).dev_n;  

     prc(IDX(u,z0)).stp_n; prc(IDX(u,z0)).text;  

     text$(prc(IDX(u,z0)).move); prc(IDX(u,z0)).ini_x;  

     prc(IDX(u,z0)).ini_y; prc(IDX(u,z0)).fin_x; prc(IDX(u, 

     z0)).fin_y; prc(IDX(u,z0)).t_cnt; prc(IDX(u,z0)).w_cnt 

  next z0   

  print #n,"---------------------------------------------------- 

   -------------------------------------------------------------- 

   ------"   

  print #n,"" 

end sub 
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sub export_raw(n,k,u1,u2,u3) 

  write #n,mfdsa(k).n,mfdsa(k).m,mfdsa(k).t,IDX(u1,0),IDX(u2,0) 

  for z0=1 to IDX(u1,0) 

    print #n,dev(IDX(u1,z0)).ini_x,dev(IDX(u1,z0)).ini_y, 

     dev(IDX(u1,z0)).fin_x,dev(IDX(u1,z0)).fin_y,dev(IDX(u1, 

     z0)).off_x,dev(IDX(u1,z0)).off_y,dev(IDX(u1,z0)).mass, 

     dev(IDX(u1,z0)).fric,dev(IDX(u1,z0)).size,dev(IDX(u1, 

     z0)).delta 

  next z0 

  for z0=1 to IDX(u2,0) 

    print #n,lst(IDX(u2,z0)).dev_n 

  next z0 

end sub 

 

sub export_stat(n,k,u1,u2,u3) 

  print #n,"" 

  print #n," Dev #   N.Lng   C.Lng   C.Stp   C/N Ratio   n^2  

   Ratio   MAX Ratio      Vel.      Drg.      Wait " 

  print #n,"---------------------------------------------------- 

   ---------------------------------------------" 

  tot_n_lng=0 

  tot_c_lng=0 

  tot_c_stp=0 

  tot_c_nll=0 

  for z0=1 to IDX(u1,0) 

    n_lng=abs(dev(IDX(u1,z0)).fin_x-dev(IDX(u1,z0)).ini_x)  

    +abs(dev(IDX(u1,z0)).fin_y-dev(IDX(u1,z0)).ini_y) 

    c_lng=0 

    c_stp=0 

    c_nll=0 

    for a0=1 to IDX(u3,0) 

      if prc(IDX(u3,a0)).dev_n=dev(IDX(u1,z0)).dev_n then 

        select case prc(IDX(u3,a0)).text 

        case "MOVEMENT": 

          select case prc(IDX(u3,a0)).move 

          case is<>NL: c_lng=c_lng+1 

          case is=NL: c_nll=c_nll+1 

          end select 

          c_stp=c_stp+1 

        case "*!DROP!*": 

          exit for 

        end select 

      end if 

    next a0 

    tot_n_lng=tot_n_lng+n_lng 

    tot_c_lng=tot_c_lng+c_lng 

    tot_c_stp=tot_c_stp+c_stp 

    tot_c_nll=tot_c_nll+c_nll 

    ratio_1!=c_lng/n_lng 

    ratio_n!=ratio_1!/mfdsa(k).n/mfdsa(k).n 

    ratio_m!=ratio_1!/mfdsa(k).m 

    vel!=c_lng/c_stp 

    drg!=c_nll/c_stp 
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    print #n,using " #####   #####   #####   #####     ##.####      

     ##.####     ##.####    ##.###    ##.###     ##### ";  

     dev(IDX(u1,z0)).dev_n; n_lng; c_lng; c_stp; ratio_1!;  

     ratio_n!; ratio_m!; vel!; drg!; c_nll 

  next z0 

  print #n,"---------------------------------------------------- 

   ---------------------------------------------" 

  ratio_1!=tot_c_lng/tot_n_lng 

  ratio_n!=ratio_1!/mfdsa(k).n/mfdsa(k).n 

  ratio_m!=ratio_1!/mfdsa(k).m 

  vel!=tot_c_lng/tot_c_stp 

  drg!=tot_c_nll/tot_c_stp 

  print #n,using "         #####   #####   #####     ##.####      

   ##.####     ##.####    ##.###    ##.###     ##### ";  

   tot_n_lng; tot_c_lng; tot_c_stp; ratio_1!; ratio_n!; ratio_m!;  

   vel!; drg!; tot_c_nll 

  print #n,"" 

  print #n,using " Proc Step=>######"; mfdsa(k).t_prc 

  print #n,using " Time Step=>######"; mfdsa(k).t_stp 

  print #n,using " Proc/Time=>##.###"; mfdsa(k).t_prc/ 

   mfdsa(k).t_stp 

  print #n,"" 

  print #n,using "  Grid nxn=>  ####"; mfdsa(k).n 

  print #n,using "   Max Dev=> #####"; mfdsa(k).m 

  print #n,using "   Trg Dev=> #####"; mfdsa(k).t 

  print #n,"" 

end sub 

 

sub import_dev(n1,n2,k,zmax) 

  for z0=1 to zmax 

    input #n2,ini_x,ini_y,fin_x,fin_y,off_x!,off_y!,mass!, 

     fric!,size!,delta 

    tpx=pack(n1,"",mfdsa(k).t_dev,"DEV") 

    if tpx<>0 then 

      dev(tpx).dev_n=tpx 

      dev(tpx).ini_x=ini_x 

      dev(tpx).ini_y=ini_y 

      dev(tpx).fin_x=fin_x 

      dev(tpx).fin_y=fin_y 

      dev(tpx).off_x=off_x! 

      dev(tpx).off_y=off_y! 

      dev(tpx).mass=mass! 

      dev(tpx).fric=fric! 

      dev(tpx).size=size! 

      dev(tpx).delta=delta 

      dev(tpx).cntrl="*" 

      save n1,tpx,"DEV" 

    end if 

  next z0 

end sub 
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sub import_lst(n1,n2,k,zmax) 

  for z0=1 to zmax 

    input #n2,dev_n 

    tpx=pack(n1,"",mfdsa(k).t_lst,"LST") 

    if tpx<>0 then 

      lst(tpx).lst_n=tpx 

      lst(tpx).dev_n=dev_n 

      lst(tpx).cntrl="*" 

      save n1,tpx,"LST" 

    end if 

  next z0 

end sub 

 

function check_dev(k,dev_n) 

  tpx=FAIL 

  if dev_n>0 then 

    if dev_n<=mfdsa(k).t_dev then 

      if dev(dev_n).cntrl<>"*" then 

        tpx=PASS 

      end if 

    end if 

  end if 

  return tpx 

end function 

 

function check_fin(k,cur_x,cur_y) 

  tpx=FAIL 

  if cur_x>0 and cur_x<mfdsa(k).n+1 then 

    if cur_y>0 and cur_y<mfdsa(k).n+1 then 

      tpx=PASS 

    end if 

  end if 

  return tpx 

end function 

 

function check_gns(k1,k2,dev_n) 

  tpx=PASS 

  for z0=1 to mfdsa(k1).t_lst 

    if z0<>k2 then 

      if lst(z0).dev_n=dev_n then 

        tpx=FAIL 

        exit for 

      end if 

    end if 

  next z0 

  return tpx 

end function 
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function check_ini(k,cur_x,cur_y) 

  tpx=FAIL 

  if cur_x=0             and (cur_y>0 and cur_y< 

   mfdsa(k).n+1) then tpx=PASS 

  if cur_x=mfdsa(k).n+1 and (cur_y>0 and cur_y< 

   mfdsa(k).n+1) then tpx=PASS 

  if cur_y=0             and (cur_x>0 and cur_x< 

   mfdsa(k).n+1) then tpx=PASS 

  if cur_y=mfdsa(k).n+1 and (cur_x>0 and cur_x< 

   mfdsa(k).n+1) then tpx=PASS 

  return tpx 

end function 

 

function check_mfsd(k,mass!,fric!,size!,delta) 

  tpx=FAIL 

  if mass!>=0 then 

    if fric!>=0 then 

      if size!>=0 then 

        if delta>=0 and delta<=(mfdsa(k).n ^ (1/2)-1)/2 then 

          tpx=PASS 

        end if 

      end if 

    end if 

  end if 

  return tpx 

end function 

 

function check_off(off_x!,off_y!) 

  tpx=FAIL 

  if abs(off_x!)<1 then 

    if abs(off_y!)<1 then  

      tpx=PASS 

    end if 

  end if 

  return tpx 

end function 

 

function check_sng(k1,k2,cur_x,cur_y) 

  tpx=PASS 

  for z0=1 to mfdsa(k1).t_dev 

    if z0<>k2 then 

      if dev(z0).cntrl<>"*" then 

        if dev(z0).fin_x=cur_x then 

          if dev(z0).fin_y=cur_y then 

            tpx=FAIL 

            exit for 

          end if 

        end if 

      end if 

    end if 

  next z0 

  return tpx 

end function 
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ZCOMPILE Module: 

sub zcompile(n,k) 

  if mfdsa(k).acode<>FAIL then 

    if mfdsa(k).n<>0 then 

      if mfdsa(k).m<>0 then 

        if mfdsa(k).t<>0 then 

          if IDX(1,0)<>0 then 

            if IDX(2,0)<>0 then 

              if IDX(3,0)=0 then 

                g     =mfdsa(k).n 

                max_dev=mfdsa(k).m 

                trg_dev=mfdsa(k).t 

                stp   =1 

                cur_dev=0 

                tot_dev=IDX(2,0) 

                cur_prc=0 

                tot_prc=0 

                t_cnt =0 

                w_cnt =0 

                erase stack 

                for j=1 to max_dev 

                  stack_add n,stp,t_cnt,w_cnt 

                next j 

                grid_upd 

                do 

                  active_dev=0 

                  killed_dev=0 

                  for j=1 to max_dev 

                    if stack(j).cntrl=PASS then 

                      active_dev=active_dev+1 

                      killed_dev=killed_dev+0 

                      build_ptable j 

                      CTRL=scan_ptable 

                      select case CTRL 

                      case LR,UD: 

                        stack(j).move=switch(CTRL) 

                        zrecord_prc n,stp,j,"MOVEMENT",t_cnt, 

                         w_cnt 

                      case NL: 

                        build_qtable j 

                        CTRL=scan_qtable 

                        select case CTRL 

                        case NL,UP,DN,LT,RT: 

                          stack(j).move=CTRL 

                          zrecord_prc n,stp,j,"MOVEMENT", 

                           t_cnt,w_cnt 

                          if CTRL=NL then 

                            active_dev=active_dev+0 

                            killed_dev=killed_dev+1 

                          end if 

                        end select 

                      end select 
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                      if stack(j).cur_x=stack(j).fin_x then 

                        if stack(j).cur_y=stack(j).fin_y then 

                          active_dev=active_dev-1 

                          killed_dev=killed_dev*0 

                          w_cnt=w_cnt+0 

                          t_cnt=t_cnt+1 

                          stack(j).move=NL 

                          zrecord_prc n,stp,j,"*!DROP!*", 

                           t_cnt,w_cnt 

                          stack_sub j 

                        end if 

                      end if 

                    end if 

                  next j 

                  if killed_dev=active_dev and active_dev<>0 then 

                    zrecord_prc n,stp,0,"*!FAIL!*",t_cnt, 

                     w_cnt 

                    mfdsa(k).zcode=FAIL 

                    exit do 

                  end if 

                  if w_cnt=tot_dev and tot_dev<>0 then 

                    zrecord_prc n,stp,0,"*!PASS!*",t_cnt, 

                     w_cnt 

                    mfdsa(k).zcode=PASS 

                    exit do 

                  end if 

                  if active_dev=0 then 

                    w_cnt=w_cnt+t_cnt 

                    t_cnt=t_cnt*0 

                    zrecord_prc n,stp,-1,"*!ERR.!*",t_cnt, 

                     w_cnt 

                    zrecord_prc n,stp,-1,"*!INS.!*",t_cnt, 

                     w_cnt 

                    for j=1 to max_dev 

                      stack_add n,stp,t_cnt,w_cnt 

                    next j 

                  end if 

                  if (active_dev+t_cnt)<trg_dev then 

                    stack_add n,stp,t_cnt,w_cnt 

                  end if 

                  grid_upd 

                  stp=stp+1 

                loop 

                mfdsa(k).t_prc=tot_prc 

                mfdsa(k).t_stp=stp 

                mfdsa(k).c_dte=date$ 

                mfdsa(k).c_tme=time$ 

              end if 

            end if 

          end if 

        end if 

      end if 

    end if 

  end if 

end sub 
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ZEIPORT Module: 

sub zexport(k,u1,u2,u3) 

  CTRL$=ZHEAD$("Select Export Type:   Dev-List-1   Lst-list- 

   2   Prc-List-3   Statistic-4   RAW-5   [ESC]","12345"+ 

   Z_ESC$) 

  if CTRL$<>Z_ESC$ then 

    ZGFILE fl$ 

    if fl$<>"" then 

      ZCMD 200,fl$,"O",PASS 

      select case CTRL$ 

      case "1": export_devl 200,u1 

      case "2": export_lstl 200,u2 

      case "3": export_prcl 200,u3 

      case "4": export_stat 200,k,u1,u2,u3 

      case "5": export_raw  200,k,u1,u2,u3 

      end select 

      ZCMD 200,"","",FAIL 

    end if 

  end if 

end sub 

 

sub zimport(n,k) 

  load n,k,"MFDSA" 

  if mfdsa(k).t_dev=0 then 

    if mfdsa(k).t_lst=0 then 

      if mfdsa(k).t_prc=0 then 

        ZGFILE fl$ 

        if fl$<>"" then 

          ZCMD 200,fl$,"I",PASS 

          input #200,mfdsa(k).n,mfdsa(k).m,mfdsa(k).t,zmax1, 

           zmax2 

          if zmax1*zmax2<>0 then 

            import_dev n,200,k,zmax1 

            import_lst n,200,k,zmax2 

          end if 

          ZCMD 200,"","",FAIL 

        end if 

      end if 

    end if 

  end if 

  save n,k,"MFDSA" 

end sub 

 

sub zprntscrn() 

  ZGFILE fl$ 

  if fl$<>"" then bsave fl$+".BMP",0 

end sub 
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ZLISTANB Module: 

sub zlist_A(n,k) 

  gosub zlist_A_start 

  gosub zlist_A_fresh1 

  gosub zlist_A_fresh2 

  gosub zlist_A_prompt 

  gosub zlist_A_record1 

  gosub zlist_A_record2 

  do 

    CTRL$=ZHEAD$("MENU:   Add-A   Edit-E   Del-D   Mode- 

     [C/Z]   Export-X   PrntScrn-P   [ESC]",Z_ARU$+Z_ARD$  

    +Z_ARL$+Z_ARR$+Z_ARH$+Z_ARE$+Z_PGU$+Z_PGD$+ 

     Z_SPC$+Z_TAB$+"AED"+Z_UND$+"XP"+Z_ESC$) 

    select case CTRL$ 

    case Z_ARU$,Z_ARD$,Z_ARL$,Z_ARR$,Z_ARH$,Z_ARE$,Z_PGU$, 

     Z_PGD$: 

      select case CTRL 

      case 1: ZSYS f0,f1,f2,36,mfdsa(k).t_lst,CTRL$ 

      case 2: ZSYS g0,g1,g2,36,mfdsa(k).t_dev,CTRL$ 

      end select 

      gosub zlist_A_record1 

      gosub zlist_A_record2 

    case Z_SPC$: 

      gosub zlist_A_start 

      gosub zlist_A_fresh1 

      gosub zlist_A_fresh2 

      gosub zlist_A_prompt 

      gosub zlist_A_record1 

      gosub zlist_A_record2 

    case Z_TAB$: 

      select case CTRL 

      case 1: CTRL=2: tpa=ACT2: tpb=ACT1 

      case 2: CTRL=1: tpa=ACT1: tpb=ACT2 

      end select 

      gosub zlist_A_prompt 

      gosub zlist_A_record1 

      gosub zlist_A_record2 

    case "A": 

      zrecord_dnl n,k,0,0,0,0,"A" 

      gosub zlist_A_fresh1 

      gosub zlist_A_fresh2 

      gosub zlist_A_prompt 

      gosub zlist_A_record1 

      gosub zlist_A_record2 

    case "X": 

      zexport k,1,2,4 

    case "P": 

      zprntscrn 
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    case "E","D",Z_UND$: 

      if (CTRL=1 and mfdsa(k).t_lst<>0) or (CTRL=2 and  

       mfdsa(k).t_dev<>0) then 

        select case CTRL$ 

        case "E": 

          select case CTRL 

          case 1: zrecord_dnl n,k,f0,f1,f2,1,"E" 

          case 2: zrecord_dnl n,k,g0,g1,g2,2,"E" 

          end select 

          gosub zlist_A_record1 

          gosub zlist_A_record2 

        case "D": 

          select case CTRL 

          case 1: zrecord_dnl n,k,f0,0,0,1,"D" 

          case 2: zrecord_dnl n,k,g0,0,0,2,"D" 

          end select 

          gosub zlist_A_record1 

          gosub zlist_A_record2 

        case Z_UND$: 

          select case CTRL 

          case 1: zrecord_dnl n,k,f0,0,0,1,Z_UND$ 

          case 2: zrecord_dnl n,k,g0,0,0,2,Z_UND$ 

          end select 

          gosub zlist_A_record1 

          gosub zlist_A_record2 

        end select 

      end if 

    case Z_ESC$: 

      exit do 

    end select 

  loop 

  exit sub 

   

zlist_A_start: 

CTRL=1: tpa=ACT1: tpb=ACT2 

return 

 

zlist_A_fresh1: 

ZSYS f0,f1,f2,36,mfdsa(k).t_lst,Z_ARH$ 

return 

 

zlist_A_fresh2: 

ZSYS g0,g1,g2,36,mfdsa(k).t_dev,Z_ARH$ 

return 

 

zlist_A_prompt: 

prompt_list_A "D&L Input "+"["+idxB(k).fmfdsa+"]",tpa,tpb 

return 

 

zlist_A_record1: 

record_list_A1 f0,f1,f2 

return 

 

zlist_A_record2: 

record_list_A2 g0,g1,g2 

return 

end sub 
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sub zlist_B(n,k) 

  ZCLEAR 

  gosub zlist_B_start 

  gosub zlist_B_fresh1 

  gosub zlist_B_fresh2 

  gosub zlist_B_prompt 

  gosub zlist_B_record 

  do 

    CTRL$=ZHEAD$("MENU:   Export-X   PrntScrn-P   [ESC]", 

     Z_ARU$+Z_ARD$+Z_ARL$+Z_ARR$+Z_ARH$+Z_ARE$+Z_PGU$  

    +Z_PGD$+Z_SPC$+"XP"+Z_ESC$) 

    select case CTRL$ 

    case Z_PGU$,Z_PGD$: 

      ZSYS f0,f1,f2,mfdsa(k).t_dev+1,mfdsa(k).t_dev+1, 

       CTRL$ 

      gosub zlist_B_fresh2 

      gosub zlist_B_prompt 

      gosub zlist_B_record 

    case Z_ARU$,Z_ARD$,Z_ARL$,Z_ARR$,Z_ARH$,Z_ARE$: 

      ZSYS g0,g1,g2,36,IDX(8,u),CTRL$ 

      gosub zlist_B_record 

    case Z_SPC$: 

      gosub zlist_B_start 

      gosub zlist_B_fresh1 

      gosub zlist_B_fresh2 

      gosub zlist_B_prompt 

      gosub zlist_B_record 

    case "X": 

      zexport k,1,2,8 

    case "P": 

      zprntscrn 

    case Z_ESC$: 

      exit do 

    end select 

  loop 

  ZCLEAR 

  exit sub 

   

zlist_B_start: 

return 

 

zlist_B_fresh1: 

ZSYS f0,f1,f2,mfdsa(k).t_dev+1,mfdsa(k).t_dev+1,Z_ARH$ 

return 

 

zlist_B_fresh2: 

if f0-1<>0 then HASH0$(1)=mkshort$(f0-1) else ZCLEAR 

sift 4,8 

ZSYS g0,g1,g2,36,IDX(8,u),Z_ARH$ 

return 

 

zlist_B_prompt: 

prompt_list_B "*P* Output "+"["+idxB(k).fmfdsa+"]"+" 

D:"+ZTEXT$(str$(f0-1),"0",5,"R") 

return 
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zlist_B_record: 

record_list_B g0,g1,g2,8 

return 

end sub 
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ZPROJECT Module: 

sub zproject(k) 

  ZCMD 100,idxB(k).fmfdsa,"B",PASS 

  load 100,k,"MFDSA" 

  gosub zproject_start 

  gosub zproject_fresh1 

  gosub zproject_fresh2 

  gosub zproject_prompt 

  gosub zproject_record1 

  gosub zproject_record2 

  gosub zproject_record3 

  do 

    CTRL$=ZHEAD$("MENU:   D&L Input-A   *P* Output -B    

     Compile-C   Export-X   Import-M   Trace-T   PrntScrn  

    -P   [ESC]",Z_ARU$+Z_ARD$+Z_ARL$+Z_ARR$+Z_ARH$+ 

     Z_ARE$+Z_PGU$+Z_PGD$+Z_SPC$+Z_TAB$+"ABCXMTP"+ 

     Z_ESC$) 

    select case CTRL$ 

    case Z_ARU$,Z_ARD$,Z_ARL$,Z_ARR$: 

      select case CTRL 

      case 1: gosub zproject_ctrl_space1 

      case 2: gosub zproject_ctrl_space2 

      end select 

      gosub zproject_prompt 

      gosub zproject_record1 

      gosub zproject_record2 

      gosub zproject_record3 

    case Z_ARH$,Z_ARE$,Z_PGU$,Z_PGD$: 

      gosub zproject_ctrl_time 

      gosub zproject_fresh2 

      gosub zproject_prompt 

      gosub zproject_record1 

      gosub zproject_record2 

      gosub zproject_record3 

    case Z_SPC$: 

      gosub zproject_start 

      gosub zproject_fresh1 

      gosub zproject_fresh2 

      gosub zproject_prompt 

      gosub zproject_record1 

      gosub zproject_record2 

      gosub zproject_record3 

    case Z_TAB$: 

      select case CTRL 

      case 1: CTRL=2 

      case 2: CTRL=1 

      end select 

      gosub zproject_record1 

      gosub zproject_record2 

      gosub zproject_record3 
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    case "A": 

      zlist_A 100,k 

      gosub zproject_prompt 

      gosub zproject_record1 

      gosub zproject_record2 

      gosub zproject_record3 

    case "B": 

      zlist_B 100,k 

      gosub zproject_prompt 

      gosub zproject_record1 

      gosub zproject_record2 

      gosub zproject_record3 

    case "C": 

      zcompile 100,k 

      gosub zproject_start 

      gosub zproject_fresh1 

      gosub zproject_fresh2 

      gosub zproject_prompt 

      gosub zproject_record1 

      gosub zproject_record2 

      gosub zproject_record3 

    case "X": 

      zexport k,1,2,4 

    case "M": 

      zimport 100,k 

    case "T": 

      proj_trace k,f0,g0 

      gosub zproject_prompt 

      gosub zproject_record1 

      gosub zproject_record2 

      gosub zproject_record3 

    case "P": 

      zprntscrn 

    case Z_ESC$: 

      exit do 

    end select 

  loop 

  save 100,k,"MFDSA" 

  ZCMD 100,"","",FAIL 

  exit sub 

   

zproject_start: 

build_dlp 100,1,mfdsa(k).t_dev,"DEV" 

build_dlp 100,2,mfdsa(k).t_lst,"LST" 

build_dlp 100,4,mfdsa(k).t_prc,"PRC" 

CTRL=1 

return 

 

zproject_fresh1: 

t0=1: t1=1: t2=mfdsa(k).t_stp: tsize=1: tleng=t2 

f0=0: f1=0: f2=mfdsa(k).n+1: fsize=12: fleng=f2: if f2>fsize then 

f2=fsize-1 

g0=0: g1=0: g2=mfdsa(k).n+1: gsize=12: gleng=g2: if g2>gsize then 

g2=gsize-1 

return 
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zproject_fresh2: 

proj_grid proj_stack(k,t0) 

return 

 

zproject_prompt: 

prompt_project "["+idxB(k).fmfdsa+"]" 

return 

 

zproject_record1: 

record_project1 k,t0,f0,f1,f2,g0,g1,g2,CTRL 

return 

 

zproject_record2: 

record_project2 k 

return 

 

zproject_record3: 

record_project3 grid(f0,g0) 

return 

 

zproject_ctrl_time: 

select case CTRL$ 

case Z_ARH$: t0=t1 

case Z_ARE$: t0=t2 

case Z_PGU$: if t0<t2 then t0=t0+1 

case Z_PGD$: if t0>t1 then t0=t0-1 

end select 

return 

 

zproject_ctrl_space1: 

select case CTRL$ 

case Z_ARU$: if g0<g2 then g0=g0+1 

case Z_ARD$: if g0>g1 then g0=g0-1 

case Z_ARL$: if f0>f1 then f0=f0-1 

case Z_ARR$: if f0<f2 then f0=f0+1 

end select 

return 

 

zproject_ctrl_space2: 

select case CTRL$ 

case Z_ARU$: if g2<gleng then g2=g2+1: g1=(g2-gsize)+1: if g0<g1 

then g0=g1 

case Z_ARD$: if g1>0     then g1=g1-1: g2=(g1+gsize)-1: if g0>g2 

then g0=g2 

case Z_ARL$: if f1>0     then f1=f1-1: f2=(f1+fsize)-1: if f0>f2 

then f0=f2 

case Z_ARR$: if f2<fleng then f2=f2+1: f1=(f2-fsize)+1: if f0<f1 

then f0=f1 

end select 

return 

end sub 
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ZRECORD Module: 

sub zrecord_dnl(n,k,f0,f1,f2,CTRL,CTRL$) 

  if mfdsa(k).acode<>FAIL then 

    select case CTRL$ 

    case "A": 

      f0=pack(n,"",mfdsa(k).t_lst,"LST") 

      f0=pack(n,"",mfdsa(k).t_dev,"DEV") 

    case "E": 

      select case CTRL 

      case 1: 

        load n,f0,"LST" 

        dev_n=val(ZINPUT$(str$(lst(f0).dev_n),5,5,8+(f0  

        -f1),5,RGBA0(MAIN,2),RGBA0(MAIN,1))) 

        if check_dev(k,dev_n)<>FAIL then 

          if check_gns(k,f0,dev_n)<>FAIL then 

            lst(f0).dev_n=dev_n 

          end if 

        end if 

        save n,f0,"LST" 

      case 2: 

        CTRL$=ZHEAD$("Select Edit Type:   Ini-X,Ini-Y-1    

         Fin-X,Fin-Y-2   Off-X,Off-Y-3    

         Mass/Fric/Size/Delta-4   [ESC]","1234"+Z_ESC$) 

        if CTRL$<>Z_ESC$ then 

          load n,f0,"DEV" 

          select case CTRL$ 

          case "1": 

            ini_x=val(ZINPUT$(str$(dev(f0).ini_x),4,4,8+ 

             (f0-f1),26,RGBA0(MAIN,2),RGBA0(MAIN,1))) 

            ini_y=val(ZINPUT$(str$(dev(f0).ini_y),4,4,8+ 

             (f0-f1),33,RGBA0(MAIN,2),RGBA0(MAIN,1))) 

            if check_ini(k,ini_x,ini_y)<>FAIL then 

              dev(f0).ini_x=ini_x 

              dev(f0).ini_y=ini_y 

            end if 

          case "2": 

            fin_x=val(ZINPUT$(str$(dev(f0).fin_x),4,4,8+ 

             (f0-f1),45,RGBA0(MAIN,2),RGBA0(MAIN,1))) 

            fin_y=val(ZINPUT$(str$(dev(f0).fin_y),4,4,8+ 

             (f0-f1),52,RGBA0(MAIN,2),RGBA0(MAIN,1))) 

            if check_fin(k,fin_x,fin_y)<>FAIL then 

              if check_sng(k,f0,fin_x,fin_y)<>FAIL then 

                dev(f0).fin_x=fin_x 

                dev(f0).fin_y=fin_y 

              end if 

            end if 

          case "3": 

            off_x!=val(ZINPUT$(str$(dev(f0).off_x),5,5,8+ 

             (f0-f1),61,RGBA0(MAIN,2),RGBA0(MAIN,1))) 

            off_y!=val(ZINPUT$(str$(dev(f0).off_y),5,5,8+ 

             (f0-f1),68,RGBA0(MAIN,2),RGBA0(MAIN,1))) 

            if check_off(off_x!,off_y!)<>FAIL then 

              dev(f0).off_x=off_x! 

              dev(f0).off_y=off_y! 

            end if 
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          case "4": 

            mass!=val(ZINPUT$(str$(dev(f0).mass),11,11,8+ 

             (f0-f1),76,RGBA0(MAIN,2),RGBA0(MAIN,1))) 

            fric!=val(ZINPUT$(str$(dev(f0).fric),11,11,8+ 

             (f0-f1),89,RGBA0(MAIN,2),RGBA0(MAIN,1))) 

            size!=val(ZINPUT$(str$(dev(f0).size),11,11,8+ 

             (f0-f1),102,RGBA0(MAIN,2),RGBA0(MAIN,1))) 

            delta=val(ZINPUT$(str$(dev(f0).delta),4,4,8+ 

             (f0-f1),119,RGBA0(MAIN,2),RGBA0(MAIN,1))) 

            if check_mfsd(k,mass!,fric!,size!,delta)<>FAIL  

            then 

              dev(f0).mass=mass! 

              dev(f0).fric=fric! 

              dev(f0).size=size! 

              dev(f0).delta=delta 

            end if 

          end select 

          save n,f0,"DEV" 

        end if 

      end select 

    case "D": 

      select case CTRL 

      case 1: 

        load n,f0,"LST" 

        lst(f0).lst_n=lst(f0).lst_n 

        lst(f0).dev_n=0 

        lst(f0).cntrl="*" 

        save n,f0,"LST" 

      case 2: 

        load n,f0,"DEV" 

        dev(f0).dev_n=dev(f0).dev_n 

        dev(f0).ini_x=0 

        dev(f0).ini_y=0 

        dev(f0).fin_x=0 

        dev(f0).fin_y=0 

        dev(f0).off_x=0 

        dev(f0).off_y=0 

        dev(f0).mass=0 

        dev(f0).fric=0 

        dev(f0).size=0 

        dev(f0).delta=0 

        dev(f0).cntrl="*" 

        save n,f0,"DEV" 

        for z0=1 to mfdsa(k).t_lst 

          if lst(z0).dev_n=dev(f0).dev_n then 

            zrecord_dnl n,k,z0,0,0,1,"D" 

          end if 

        next z0 

      end select 
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    case Z_UND$: 

      select case CTRL 

      case 1: 

        load n,f0,"LST" 

        if dev(lst(f0).dev_n).cntrl="#" then 

          select case lst(f0).cntrl 

          case "*": lst(f0).cntrl="#" 

          case "#": lst(f0).cntrl="*" 

          end select 

        end if 

        save n,f0,"LST" 

      case 2: 

        if check_ini(k,dev(f0).ini_x,dev(f0).ini_y)<>FAIL  

         then 

          if check_fin(k,dev(f0).fin_x,dev(f0).fin_y)<>FAIL  

           then 

            if check_sng(k,f0,dev(f0).fin_x,dev(f0).fin_y)<> 

             FAIL then 

              if check_off(dev(f0).off_x,dev(f0).off_y)<>FAIL  

               then 

                if check_mfsd(k,dev(f0).mass,dev(f0).fric, 

                 dev(f0).size,dev(f0).delta)<>FAIL then 

                  load n,f0,"DEV" 

                  select case dev(f0).cntrl 

                  case "*":  

                    dev(f0).cntrl="#" 

                  case "#":  

                    dev(f0).cntrl="*" 

                    for z0=1 to mfdsa(k).t_lst 

                      if lst(z0).dev_n=dev(f0).dev_n then 

                        load n,z0,"LST" 

                        lst(z0).cntrl=dev(f0).cntrl 

                        save n,z0,"LST" 

                      end if 

                    next z0 

                  end select 

                  save n,f0,"DEV" 

                end if 

              end if 

            end if 

          end if 

        end if 

      end select 

    end select 

  end if 

end sub 
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sub zrecord_mfdsa(n,k,CTRL$) 

  if k<>0 then load n,k,"IDXB" 

  select case CTRL$ 

  case "A": 

    k=pack(n,"MFDSA00000",idxA.a_record,"MFDSA") 

    if k<>0 then 

      prompt_main "Add Project" 

      record_main2 k 

      tpx$=ZINPUT$(idxB(k).fname,32,32,13,57,RGBA0(MAIN, 

       2),RGBA0(MAIN,1)) 

      if trim$(tpx$)<>"" then idxB(k).fname=tpx$ 

    end if 

  case "E": 

    if mfdsa(k).acode<>FAIL then 

      prompt_main "Edit Project" 

      record_main2 k 

      CTRL$=ZHEAD$("Select Edit Type:   File Name-1   Grid  

       nxn-2   Max Dev-3   Trg Dev-4   [ESC]","1234"+ 

       Z_ESC$) 

      if CTRL$<>Z_ESC$ then 

        ZCMD 100,idxB(k).fmfdsa,"B",PASS 

        load 100,k,"MFDSA" 

        select case CTRL$ 

        case "1": 

          tpx$=ZINPUT$(idxB(k).fname,32,32,13,57, 

           RGBA0(MAIN,2),RGBA0(MAIN,1)) 

          if trim$(tpx$)<>"" then idxB(k).fname=tpx$ 

        case "2": 

          if mfdsa(k).t_dev=0 then 

            if mfdsa(k).t_lst=0 then 

              tpx=val(ZINPUT$(str$(mfdsa(k).n),5,5,25,57, 

               RGBA0(MAIN,2),RGBA0(MAIN,1))) 

              if tpx>=10 and tpx<=1024 then mfdsa(k).n=tpx 

            end if 

          end if 

        case "3": 

          if mfdsa(k).t_prc=0 then 

            tpx=val(ZINPUT$(str$(mfdsa(k).m),5,5,26,57, 

             RGBA0(MAIN,2),RGBA0(MAIN,1))) 

            if tpx>=0 then mfdsa(k).m=tpx 

          end if 

        case "4": 

          if mfdsa(k).t_prc=0 then 

            tpx=val(ZINPUT$(str$(mfdsa(k).t),5,5,27,57, 

             RGBA0(MAIN,2),RGBA0(MAIN,1))) 

            if tpx>=0 then mfdsa(k).t=tpx 

          end if 

        end select 

        save 100,k,"MFDSA" 

        ZCMD 100,"","",FAIL 

      end if 

    end if 
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  case "D": 

    if mfdsa(k).acode<>FAIL then 

      prompt_main "Del Project" 

      record_main2 k 

      CTRL$=ZHEAD$("WARNING!!   DEL CANNOT BE REVERSED!!    

       CONTINUE?   Y-1   N-2   [ESC]","12"+Z_ESC$) 

      if CTRL$="1" then 

        idxA.a_record=idxA.a_record-0 

        idxA.r_record=idxA.r_record-1 

        idxB(k).fmfdsa="" 

        idxB(k).fname="" 

        idxB(k).cntrl="*" 

        kill "MFDSA"+ZTEXT$(str$(tpx),"0",5,"R") 

      end if 

    end if 

  case Z_UND$: 

    ZCMD 100,idxB(k).fmfdsa,"B",PASS 

    load 100,k,"MFDSA" 

    select case mfdsa(k).acode 

    case FAIL: mfdsa(k).acode=PASS 

    case PASS: mfdsa(k).acode=FAIL 

    end select 

    save 100,k,"MFDSA" 

    ZCMD 100,"","",FAIL 

  end select 

  if k<>0 then save n,k,"IDXB" 

end sub 

 

sub zrecord_prc(n,stp,j,tpx$,t_cnt,w_cnt) 

  cur_prc=pack(n,tpx$,tot_prc,"PRC") 

  select case j 

  case is<=0: 

    prc(cur_prc).dev_n=-1 

    prc(cur_prc).stp_n=stp 

    prc(cur_prc).move=NL 

  case is> 0: 

    prc(cur_prc).dev_n=stack(j).dev_n 

    prc(cur_prc).stp_n=stp 

    prc(cur_prc).move=stack(j).move 

  end select 

  if j>0 then 

    prc(cur_prc).ini_x=stack(j).cur_x 

    prc(cur_prc).ini_y=stack(j).cur_y 

    grid_sub j 

    select case stack(j).move 

    case UP: stack(j).cur_y=stack(j).cur_y+1 

    case DN: stack(j).cur_y=stack(j).cur_y-1 

    case LT: stack(j).cur_x=stack(j).cur_x-1 

    case RT: stack(j).cur_x=stack(j).cur_x+1 

    end select 

    grid_add j 

    prc(cur_prc).fin_x=stack(j).cur_x 

    prc(cur_prc).fin_y=stack(j).cur_y 

  end if 

  



194 

 

  prc(cur_prc).t_cnt=t_cnt 

  prc(cur_prc).w_cnt=w_cnt 

  save n,cur_prc,"PRC" 

end sub 

 

sub zreset(k) 

  if mfdsa(k).acode<>FAIL then 

    CTRL$=ZHEAD$("WARNING!!   RESET CANNOT BE REVERSED!!    

     CONTINUE?   Y-1   N-2   [ESC]","12"+Z_ESC$) 

    if CTRL$="1" then 

      CTRL$=ZHEAD$("Select Reset Type:   D&L Input-1   *P*  

       Output-2   [ESC]","12"+Z_ESC$) 

      if CTRL$<>Z_ESC$ then 

        ZCMD 100,idxB(k).fmfdsa,"B",PASS 

        ZCMD 200,"MFDSA00000","B",PASS 

        load 100,k,"MFDSA" 

        select case CTRL$ 

        case "1": 

          mfdsa(k).acode=PASS 

          mfdsa(k).zcode=FAIL 

          mfdsa(k).t_dev=0 

          mfdsa(k).t_lst=0 

          mfdsa(k).t_prc=0 

          mfdsa(k).t_stp=0 

          mfdsa(k).c_dte=date$ 

          mfdsa(k).c_tme=time$ 

        case "2":  

          mfdsa(k).acode=PASS 

          mfdsa(k).zcode=FAIL 

          mfdsa(k).t_dev=mfdsa(k).t_dev 

          mfdsa(k).t_lst=mfdsa(k).t_lst 

          mfdsa(k).t_prc=0 

          mfdsa(k).t_stp=0 

          mfdsa(k).c_dte=date$ 

          mfdsa(k).c_tme=time$ 

        end select 

        for z0=1 to mfdsa(k).t_dev 

          load 100,z0,"DEV" 

          save 200,z0,"DEV" 

        next z0 

        for z0=1 to mfdsa(k).t_lst 

          load 100,z0,"LST" 

          save 200,z0,"LST" 

        next z0 

        save 200,k,"MFDSA" 

        ZCMD 200,"","",FAIL 

        ZCMD 100,"","",FAIL 

        kill idxB(k).fmfdsa 

        name "MFDSA00000",idxB(k).fmfdsa 

      end if 

    end if 

  end if 

end sub 
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APPENDIX C 

MAGSTAT APPLICATION CODE 

The complete MagStat program written in freeBASIC [112]; the application is divided 

into modules MAIN, TYPE, VECT, FILE, CALB, CALU, CALF, CALS, and CALCCA. 

 

MAIN  controls all functions and modules 

 command_break decodes the inputted line 

 command_parse executes the inputted line 

 command_ready obtains the inputted line 

 

TYPE  contains data type struture, variable, and function 

definitions 

 

VECT  contains functions that define and maintain the 

vector data structure and its functions 

 xVect   initializes a vector 

 aVect   adds two vectors 

 sVect   subtracts two vectors 

 mVect   multiplies a vector by a scalar 

 dVect   divides a vector by a scalar 

 dProd   the dot product of two vectors 

 xProd   the cross product of two vectors 

 magRt   returns the magnitude of a vector 

 angRt   returns the angle of a vector 

 magSt   sets the magnitude of a vector 

 nrmSt   normalizes a vectors 

 

FILE  contains the functions that define the file system's 

input and output functions; used by the MAIN module 

 load_file_ema loads the array data file 

 load_file_sml loads the layer data file 

 out1d_r  outputs "y v. x" plot, scalar input 

 out1d_v  outputs "y v. x" plot, vector input 

 out2d_r  outputs "surface" plot, scalar input 

 out2d_v  outputs "surface" plot, vector input 

 read_data_r  reads scalar data from file 

 read_data_v  reads vector data from file 

 save_file_ema saves the array data file 

 save_file_sml saves the layer data file 

 write_data_r writes scalar data to file 

 write_data_v writes vector data to file 
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CALB  contains the functions that calculate the magnetic 

field; used by the CALCCA and MAIN modules 

 f_D   calculates the denominator factor 

 f_N   calculates the numerator factor 

 f_X   calculates the magnetic field x-component 

 f_Y   calculates the magnetic field y-component 

 f_Z   calculates the magnetic field z-component 

 B_INT   integrates the magnetic field components 

 B_CAL   calculates the magnetic field 

 f_B   magnetic field calculator 

 

CALU  contains the functions that calculate the energy; 

used by the MAIN module 

 U_CAL   calculates the magnetic energy  

 f_U   magnetic energy calculator 

 

CALF  contains the functions that calculate the magnetic 

force; used by the CALCCA and MAIN modules 

 F_CAL   calculates the magnetic force 

 f_F   magnetic force calculator 

 

CALS  contains the functions that calculate the total 

force; used by the CALCCA and MAIN modules 

 S_CAL   calculates the total force 

 f_S   total force calculator 

 

CALCCA contains the functions that calculate the exact CCA; 

used by the MAIN module 

 BF_CAL  calculates the magnetic field and force 

 I_rampD  decreases the element current 

 I_rampU  increases the element current 

 I_setup  initializes the element current 

 swap_e  sets up the array data 

 swap_s  sets up the layer data 

 f_CCA   CCA calculator 
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MAIN Module: 

defint a-z 

#define declarefunc declare function 

#define declarevoid declare sub 

#define func function 

#define void sub 

#define global dim shared 

#define cvr cvd 

#define mkr mkd 

#define cvn cvi 

#define mkn mki 

#define real double 

#define nmbr integer 

#define char string 

option base 1 

 

#include "type.bi" 

#include "vect.bi" 

#include "file.bi" 

#include "calB.bi" 

#include "calU.bi" 

#include "calF.bi" 

#include "calS.bi" 

#include "calCCA.bi" 

 

global AX$, BX$(0 to 10) 

 

cls 

print "==================================" 

print "     ***  MFDSA - MagStat  ***    " 

print "  Build Ver. #3.0 (in freeBASIC)  " 

print "      Completed - 2010-10-18      " 

print "   Program by Rene David Rivero   " 

print "==================================" 

print 

print 

 

do 

  command_ready tp0$ 

  command_break tp0$, AX$, BX$() 

  command_parse AX$, BX$() 

  print 

loop until AX$ = "Q" 
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void command_break(tp0$, AX$, BX$()) 

  tp0 = instr(tp0$, " ") 

  if tp0 = 0 then tp0 = len(tp0$) + 1 

  AX$ = trim$(mid$(tp0$, 1, tp0 - 1)) 

  tp0$ = trim$(mid$(tp0$, tp0 + 1)) 

  if tp0$ <> "" then 

    BX$(0) = mkn(0) 

    do 

      BX$(0) = mkn(cvn(BX$(0)) + 1) 

      tp0 = instr(tp0$, ",") 

      if tp0 = 0 then tp0 = len(tp0$) + 1 

      BX$(cvn(BX$(0))) = trim$(mid$(tp0$, 1, tp0 - 1)) 

      tp0$ = trim$(mid$(tp0$, tp0 + 1)) 

    loop until tp0$ = "" 

  end if 

end void 

 

void command_parse(AX$, BX$()) 

  select case AX$ 

  case "NEW":      

    erase ema, sml 

    eMax = 0 

    sMax = 0 

    TOL = 10e-12 

    sigma1 = 0.95 

    sigma2 = 0.05 

    omega0 = 0.50 

    alpha0 = 1 

    sr2 = 50 

  case "LOADEMA":  

    if cvn(BX$(0)) = 1 then load_file_ema BX$(1) 

  case "SAVEEMA":  

    if cvn(BX$(0)) = 1 then save_file_ema BX$(1) 

  case "EMA": 

    if cvn(BX$(0)) = 9 then 

      ema(val(BX$(1))).R0   = nullV 

      ema(val(BX$(1))).R1.x = val(BX$(2)) 

      ema(val(BX$(1))).R1.y = val(BX$(3)) 

      ema(val(BX$(1))).R1.z = val(BX$(4)) 

      ema(val(BX$(1))).L    = val(BX$(5)) 

      ema(val(BX$(1))).N    = val(BX$(6)) 

      ema(val(BX$(1))).LN   = ema(val(BX$(1))).L /  

       ema(val(BX$(1))).N 

      ema(val(BX$(1))).I0   = 0 

      ema(val(BX$(1))).I1   = val(BX$(7)) 

      ema(val(BX$(1))).Im   = val(BX$(8)) 

      ema(val(BX$(1))).a    = val(BX$(9)) 

      magSt ema(val(BX$(1))).R0 

      magSt ema(val(BX$(1))).R1 

    end if 
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  case "EMA?": 

    if cvn(BX$(0)) = 2 then 

      print "EMA      R1.x      R1.y      R1.z        L   N         

       I1       Im        a " 

      print "---------------------------------------------------- 

       -----------------------" 

      for Z = val(BX$(1)) to val(BX$(2)) 

        print using "### +#.##^^^^ +#.##^^^^ +#.##^^^^ #.##^^^^  

         #### #.##^^^^ #.##^^^^ #.##^^^^"; Z; ema(Z).R1.x;  

         ema(Z).R1.y; ema(Z).R1.z; ema(Z).L; ema(Z).N; ema(Z).I1;  

         ema(Z).Im; ema(Z).a 

      next Z 

      print "---------------------------------------------------- 

       -----------------------" 

    end if 

  case "EMAX":     

    if cvn(BX$(0)) = 1 then eMAX = val(BX$(1)) 

  case "EMAX?":    

    print eMAX 

  case "EBSU":     

    if cvn(BX$(0)) = 1 then eBSU = val(BX$(1)) 

  case "EBSU?":    

    print eBSU 

  case "LOADSML":  

    if cvn(BX$(0)) = 1 then load_file_sml BX$(1) 

  case "SAVESML":  

    if cvn(BX$(0)) = 1 then save_file_sml BX$(1) 

  case "SML": 

    if cvn(BX$(0)) = 10 then 

      sml(val(BX$(1))).R0 = nullV 

      sml(val(BX$(1))).R1.x = val(BX$(2)) 

      sml(val(BX$(1))).R1.y = val(BX$(3)) 

      sml(val(BX$(1))).R1.z = val(BX$(4)) 

      sml(val(BX$(1))).M.x  = val(BX$(5)) 

      sml(val(BX$(1))).M.y  = val(BX$(6)) 

      sml(val(BX$(1))).M.z  = val(BX$(7)) 

      sml(val(BX$(1))).N    = val(BX$(8)) 

      sml(val(BX$(1))).MN   = dVect(sml(val(BX$(1))).M,  

       sml(val(BX$(1))).N) 

      sml(val(BX$(1))).W    = val(BX$(9)) 

      sml(val(BX$(1))).x0   = 0 

      sml(val(BX$(1))).x1   = val(BX$(10)) 

      magSt sml(val(BX$(1))).R0 

      magSt sml(val(BX$(1))).R1 

      magSt sml(val(BX$(1))).M 

      magSt sml(val(BX$(1))).MN 

    end if 

  case "SML?": 

    if cvn(BX$(0)) = 2 then 

      print "SML     R1.x     R1.y     R1.z     M.x     M.y      

       M.z    N       W      x1 " 

      print "---------------------------------------------------- 

       ---------------------------" 
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      for Z = val(BX$(1)) to val(BX$(2)) 

        print using "### +#.##^^^^ +#.##^^^^ +#.##^^^^ #.#^^^^  

         #.#^^^^ #.#^^^^ #### #.#^^^^ #.#^^^^"; Z; sml(Z).R1.x;  

         sml(Z).R1.y; sml(Z).R1.z; sml(Z).M.x; sml(Z).M.y;  

         sml(Z).M.z; sml(Z).N; sml(Z).W; sml(Z).x1 

      next Z 

      print "---------------------------------------------------- 

       ---------------------------" 

    end if 

  case "SMAX":     

    if cvn(BX$(0)) = 1 then sMAX = val(BX$(1)) 

  case "SMAX?":    

    print sMAX 

  case "SBSU":     

    if cvn(BX$(0)) = 1 then sBSU = val(BX$(1)) 

  case "SBSU?":    

    print sBSU 

  case "TOL":      

    if cvn(BX$(0)) = 1 then TOL = val(BX$(1)) 

  case "TOL?":     

    print TOL 

  case "SR2":      

    if cvn(BX$(0)) = 1 then sr2 = val(BX$(1)) 

  case "SR2?":     

    print sr2 

  case "SIGMA1":   

    if cvn(BX$(0)) = 1 then sigma1 = val(BX$(1)) 

  case "SIGMA1?":  

    print sigma1 

  case "SIGMA2":   

    if cvn(BX$(0)) = 1 then sigma2 = val(BX$(1)) 

  case "SIGMA2?":  

    print simga2 

  case "OMEGA0":   

    if cvn(BX$(0)) = 1 then omega0 = val(BX$(1)) 

  case "OMEGA0?":  

    print omega0 

  case "ALPHA0":   

    if cvn(BX$(0)) = 1 then alpha0 = val(BX$(1)) 

  case "ALPHA0?":  

    print alpha0 

  case "B":        

    if cvn(BX$(0)) = 2 then f_B BX$(1), sml(val(BX$(2))) 

  case "U":        

    if cvn(BX$(0)) = 3 then f_U BX$(1), BX$(2), sml(val(BX$(3))) 

  case "F":        

    if cvn(BX$(0)) = 3 then f_F BX$(1), BX$(2), sml(val(BX$(3))) 

  case "S":        

    if cvn(BX$(0)) = 3 then f_S BX$(1), BX$(2), sml(val(BX$(3))) 

  case "CCA":      

    if cvn(BX$(0)) = 2 then f_CCA BX$(1), sml(val(BX$(2))) 

  case "1DR":      

    if cvn(BX$(0)) = 6 then out1d_r BX$(1), BX$(2), BX$(3),  

     val(BX$(4)), val(BX$(5)), sml(val(BX$(6))) 
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  case "1DV":      

    if cvn(BX$(0)) = 7 then out1d_v BX$(1), BX$(2), BX$(3),  

     BX$(4), val(BX$(5)), val(BX$(6)), sml(val(BX$(7))) 

  case "2DR":      

    if cvn(BX$(0)) = 5 then out2d_r BX$(1), BX$(2), BX$(3),  

     val(BX$(4)), sml(val(BX$(5))) 

  case "2DV":      

    if cvn(BX$(0)) = 6 then out2d_v BX$(1), BX$(2), BX$(3),  

     BX$(4), val(BX$(5)), sml(val(BX$(6))) 

  case "FEED": 

    if cvn(BX$(0)) = 1 then 

      open BX$(1) for input as #100 

      do 

        line input #100, tp0$ 

        command_break tp0$, AX$, BX$() 

        if AX$ <> "FEED" then command_parse AX$, BX$() 

      loop until AX$ = "END" or EOF(100) 

      close #100 

    end if 

  case "END": 

  case "Q": 

  end select 

end void 

 

void command_ready(tp0$) 

  print "Ready : "; 

  line input tp0$ 

  tp0$ = ucase$(trim$(tp0$)) 

end void 
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TYPE Module: 

type ema_space 

  R0 as vect 

  R1 as vect 

  L  as real 

  N  as real 

  LN as real 

  I0 as real 

  I1 as real 

  Im as real 

  a  as real 

end type 

global ema(32767) as ema_space, eMAX as nmbr, eBSU as real 

type sml_space 

  R0 as vect 

  R1 as vect 

  M  as vect 

  N  as real 

  MN as vect 

  W  as real 

  x0 as real 

  x1 as real 

end type 

global sml(32767) as sml_space, sMAX as nmbr, sBSU as real 

 

global PI as real, u0 as real, TOL as real, sigma1 as real, 

sigma2 as real, omega0 as real, alpha0 as real, sr2 as nmbr 

PI = 3.14159 

u0 = 1.25663 * 10^(-6) 

TOL = 10e-12 

sigma1 = 0.95 

sigma2 = 0.05 

omega0 = 0.50 

alpha0 = 1 

sr2 = 50 

 

declarevoid load_file_ema(...) 

declarevoid load_file_sml(...) 

declarevoid out1d_r(...) 

declarevoid out1d_v(...) 

declarevoid out2d_r(...) 

declarevoid out2d_v(...) 

declarevoid read_data_r(...) 

declarevoid read_data_v(...) 

declarevoid save_file_ema(...) 

declarevoid save_file_sml(...) 

declarevoid write_data_r(...) 

declarevoid write_data_v(...) 
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declarefunc f_D(...) as real 

declarefunc f_N(...) as real 

declarefunc f_X(...) as real 

declarefunc f_Y(...) as real 

declarefunc f_Z(...) as real 

declarefunc B_INT(...) as vect 

declarefunc B_CAL(...) as vect 

declarevoid f_B(...) 

 

declarefunc U_CAL(...) as real 

declarevoid f_U(...) 

 

declarefunc F_CAL(...) as vect 

declarevoid f_F(...) 

 

declarefunc S_CAL(...) as vect 

declarevoid f_S(...) 

 

declarefunc BF_CAL(...) as vect 

declarevoid I_rampD(...) 

declarevoid I_rampU(...) 

declarevoid I_setup(...) 

declarevoid swap_e(...) 

declarevoid swap_s(...) 

declarevoid f_CCA(...) 

 

declarevoid command_break(...) 

declarevoid command_parse(...) 

declarevoid command_ready(...) 
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VECT Module: 

type vect 

  x as real 

  y as real 

  z as real 

  m as real 

end type 

 

declarefunc xVect(...) as vect 

declarefunc aVect(...) as vect 

declarefunc sVect(...) as vect 

declarefunc mVect(...) as vect 

declarefunc dVect(...) as vect 

declarefunc dProd(...) as real 

declarefunc xProd(...) as vect 

declarefunc magRt(...) as real 

declarefunc angRt(...) as vect 

declarevoid magSt(...) 

declarevoid nrmSt(...) 

 

global unitI as vect, unitJ as vect, unitK as vect, nullV as vect 

unitI = xVect(1, 0, 0) 

unitJ = xVect(0, 1, 0) 

unitK = xVect(0, 0, 1) 

nullV = xVect(0, 0, 0) 

 

global lengR as nmbr, lengN as nmbr, lengV as nmbr 

lengR = len(real) 

lengN = len(nmbr) 

lengV = len(vect) 

 

func xVect(x as real, y as real, z as real) as vect 

  redim tp0 as vect 

  tp0.x = x 

  tp0.y = y 

  tp0.z = z 

  magSt tp0 

  return tp0 

end func 

 

func aVect(A as vect, B as vect) as vect 

  redim tp0 as vect 

  tp0.x = A.x + B.x 

  tp0.y = A.y + B.y 

  tp0.z = A.z + B.z 

  magSt tp0 

  return tp0 

end func 
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func sVect(A as vect, B as vect) as vect 

  redim tp0 as vect 

  tp0.x = A.x - B.x 

  tp0.y = A.y - B.y 

  tp0.z = A.z - B.z 

  magSt tp0 

  return tp0 

end func 

 

func mVect(A as vect, B as real) as vect 

  redim tp0 as vect 

  tp0.x = A.x * B 

  tp0.y = A.y * B 

  tp0.z = A.z * B 

  magSt tp0 

  return tp0 

end func 

 

func dVect(A as vect, B as real) as vect 

  redim tp0 as vect 

  tp0.x = A.x / B 

  tp0.y = A.y / B 

  tp0.z = A.z / B 

  magSt tp0 

  return tp0 

end func 

 

func dProd(A as vect, B as vect) as real 

  redim tp0 as real 

  tp0 = A.x * B.x + A.y * B.y + A.z * B.z 

  return tp0 

end func 

 

func xProd(A as vect, B as vect) as vect 

  redim tp0 as vect 

  tp0.x = A.y * B.z - A.z * B.y 

  tp0.y = A.z * B.x - A.x * B.z 

  tp0.z = A.x * B.y - A.y * B.x 

  magSt tp0 

  return tp0 

end func 

 

func magRt(A as vect) as real 

  return dProd(A, A) ^  (1/2) 

end func 

 

func angRt(A as vect) as vect 

  return xVect(atn(A.y / A.x), atn(A.z / A.y), atn(A.x / A.z)) 

end func 

 

void magSt(A as vect) 

  A.m = dProd(A, A) ^ (1/2) 

end void 

 

void nrmSt(A as vect) 

  A = dVect(A, magRt(A)) 

end void 
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FILE Module: 

void load_file_ema(file$) 

  open file$ for input as #1 

  input #1, eMAX 

  input #1, eBSU 

  for Z = 1 to eMAX 

    input #1, ema(Z).R1.x, ema(Z).R1.y, ema(Z).R1.z, ema(Z).L,  

     ema(Z).N, ema(Z).I1, ema(Z).Im, ema(Z).a 

    ema(Z).R0 = nullV 

    ema(Z).LN = ema(Z).L / ema(Z).N 

    ema(Z).I0 = 0 

    magSt ema(Z).R0 

    magSt ema(Z).R1 

  next Z 

  close #1 

end void 

 

void load_file_sml(file$) 

  open file$ for input as #1 

  input #1, sMAX 

  input #1, sBSU 

  for Z = 1 to sMAX 

    input #1, sml(Z).R1.x, sml(Z).R1.y, sml(Z).R1.z, sml(Z).M.x,  

     sml(Z).M.y, sml(Z).M.z, sml(Z).N, sml(Z).W, sml(Z).x1 

    sml(Z).R0 = nullV 

    sml(Z).MN = dVect(sml(Z).M, sml(Z).N) 

    sml(Z).x0 = 0 

    magSt sml(Z).R0 

    magSt sml(Z).R1 

    magSt sml(Z).M 

    magSt sml(Z).MN 

  next Z 

  close #1 

end void 

 

void out1d_r(fileI$, fileO$, l$, arg1 as nmbr, arg2 as nmbr, s as 

sml_space) 

  redim R as real 

  open fileI$ for binary as #1 

  open fileO$ for output as #2 

  select case l$ 

  case "X": 

    for i = 0 to s.N - 1 

      read_data_r R, 1, s.N, i, arg1, arg2 

      print #2, i, R 

    next i 

  case "Y": 

    for j = 0 to s.N - 1 

      read_data_r R, 1, s.N, arg1, j, arg2 

      print #2, j, R 

    next j 
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  case "Z": 

    for k = 0 to s.N - 1 

      read_data_r R, 1, s.N, arg1, arg2, k 

      print #2, k, R 

    next k 

  end select 

  close #2 

  close #1 

end void 

 

void out1d_v(fileI$, fileO$, l$, mode$, arg1 as nmbr, arg2 as 

nmbr, s as sml_space) 

  redim V as vect 

  open fileI$ for binary as #1 

  open fileO$ for output as #2 

  select case l$ 

  case "X": 

    for i = 0 to s.N - 1 

      read_data_v V, 1, s.N, i, arg1, arg2 

      select case mode$ 

      case "X": print #2, i, V.x 

      case "Y": print #2, i, V.y 

      case "Z": print #2, i, V.z 

      case "M": print #2, i, V.m 

      end select 

    next i 

  case "Y": 

    for j = 0 to s.N - 1 

      read_data_v V, 1, s.N, arg1, j, arg2 

      select case mode$ 

      case "X": print #2, j, V.x 

      case "Y": print #2, j, V.y 

      case "Z": print #2, j, V.z 

      case "M": print #2, j, V.m 

      end select 

    next j 

  case "Z": 

    for k = 0 to s.N - 1 

      read_data_v V, 1, s.N, arg1, arg2, k 

      select case mode$ 

      case "X": print #2, k, V.x 

      case "Y": print #2, k, V.y 

      case "Z": print #2, k, V.z 

      case "M": print #2, k, V.m 

      end select 

    next k 

    end select 

  close #2 

  close #1 

end void 

  



208 

 

void out2d_r(fileI$, fileO$, p$, arg as nmbr, s as sml_space) 

  redim R as real 

  open fileI$ for binary as #1 

  open fileO$ for output as #2 

  select case p$ 

  case "XY": 

    for i = 0 to s.N - 1 

      for j = 0 to s.N - 1 

        read_data_r R, 1, s.N, i, j, arg 

        print #2, R, 

      next j 

      print #2, "" 

    next i 

  case "XZ": 

    for i = 0 to s.N - 1 

      for k = 0 to s.N - 1 

        read_data_r R, 1, s.N, i, arg, k 

        print #2, R, 

      next k 

      print #2, "" 

    next i 

  case "YZ": 

    for j = 0 to s.N - 1 

      for k = 0 to s.N - 1 

        read_data_r R, 1, s.N, arg, j, k 

        print #2, R, 

      next k 

      print #2, "" 

    next j 

  end select 

  close #2 

  close #1 

end void 

 

void out2d_v(fileI$, fileO$, p$, mode$, arg as nmbr, s as 

sml_space) 

  redim V as vect 

  open fileI$ for binary as #1 

  open fileO$ for output as #2 

  select case p$ 

  case "XY": 

    for i = 0 to s.N - 1 

      for j = 0 to s.N - 1 

        read_data_v V, 1, s.N, i, j, arg 

        select case mode$ 

        case "X": print #2, V.x, 

        case "Y": print #2, V.y, 

        case "Z": print #2, V.z, 

        case "M": print #2, V.m, 

        end select 

      next j 

      print #2, "" 

    next i 

  



209 

 

  case "XZ": 

    for i = 0 to s.N - 1 

      for k = 0 to s.N - 1 

        read_data_v V, 1, s.N, i, arg, k 

        select case mode$ 

        case "X": print #2, V.x, 

        case "Y": print #2, V.y, 

        case "Z": print #2, V.z, 

        case "M": print #2, V.m, 

        end select 

      next k 

      print #2, "" 

    next i 

  case "YZ": 

    for j = 0 to s.N - 1 

      for k = 0 to s.N - 1 

        read_data_v V, 1, s.N, arg, j, k 

        select case mode$ 

        case "X": print #2, V.x, 

        case "Y": print #2, V.y, 

        case "Z": print #2, V.z, 

        case "M": print #2, V.m, 

        end select 

      next k 

      print #2, "" 

    next j 

  end select 

  close #2 

  close #1 

end void 

 

void read_data_r(R as real, n as nmbr, size as real, i as nmbr, j 

as nmbr, k as nmbr) 

  seek #n, 1 + lengN + i * lengR * (size ^ 0) + j * lengR * (size  

   ^ 1) + k * lengR * (size ^ 2) 

  R = cvr(input$(lengR, #n)) 

end void 

 

void read_data_v(V as vect, n as nmbr, size as real, i as nmbr, j 

as nmbr, k as nmbr) 

  seek #n, 1 + lengN + i * lengV * (size ^ 0) + j * lengV * (size  

   ^ 1) + k * lengV * (size ^ 2) 

  V.x = cvr(input$(lengR, #n)) 

  V.y = cvr(input$(lengR, #n)) 

  V.z = cvr(input$(lengR, #n)) 

  V.m = cvr(input$(lengR, #n)) 

end void 
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void save_file_ema(file$) 

  open file$ for output as #1 

  print #1, eMAX 

  print #1, eBSU 

  for Z = 1 to eMAX 

    print #1, ema(Z).R1.x, ema(Z).R1.y, ema(Z).R1.z, ema(Z).L,  

     ema(Z).N, ema(Z).I1, ema(Z).Im, ema(Z).a 

  next Z 

  close #1 

end void 

 

void save_file_sml(file$) 

  open file$ for output as #1 

  print #1, sMAX 

  print #1, sBSU 

  for Z = 1 to sMAX 

    print #1, sml(Z).R1.x, sml(Z).R1.y, sml(Z).R1.z, sml(Z).M.x,  

     sml(Z).M.y, sml(Z).M.z, sml(Z).N, sml(Z).W, sml(Z).x1 

  next Z 

  close #1 

end void 

 

void write_data_r(R as real, n as nmbr, size as real, i as nmbr, 

j as nmbr, k as nmbr) 

  seek #n, 1 + lengN + i * lengR * (size ^ 0) + j * lengR * (size  

   ^ 1) + k * lengR * (size ^ 2) 

  tp0$ = mkr(R): put #n, , tp0$ 

end void 

 

void write_data_v(V as vect, n as nmbr, size as real, i as nmbr, 

j as nmbr, k as nmbr) 

  seek #n, 1 + lengN + i * lengV * (size ^ 0) + j * lengV * (size  

   ^ 1) + k * lengV * (size ^ 2) 

  tp0$ = mkr(V.x): put #n, , tp0$ 

  tp0$ = mkr(V.y): put #n, , tp0$ 

  tp0$ = mkr(V.z): put #n, , tp0$ 

  tp0$ = mkr(V.m): put #n, , tp0$ 

end void 
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CALB Module: 

func f_D(V as vect, a as real, b as real, e as ema_space, s as 

sml_space) as real 

  redim R as real 

  R = ((e.a ^ (2)) + (V.m ^ (2)) + ((e.LN * b) ^ (2)) - 2 * (e.a  

   * V.x * cos(a) + e.a * V.y * sin(a) + e.LN * V.z * b)) ^ (3/2) 

  return R 

end func 

 

func f_N(V as vect, a as real, b as real, e as ema_space, s as 

sml_space) as real 

  redim R as real 

  R = u0 * (1 + s.x1) * e.I1 * e.a / 4 / PI 

  return R 

end func 

 

func f_X(V as vect, a as real, b as real, e as ema_space, s as 

sml_space) as real 

  redim R as real 

  R = f_N(V, a, b, e, s) / f_D(V, a, b, e, s) * (V.z - e.LN * b)  

   * cos(a)  

  return R 

end func 

 

func f_Y(V as vect, a as real, b as real, e as ema_space, s as 

sml_space) as real 

  redim R as real 

  R = f_N(V, a, b, e, s) / f_D(V, a, b, e, s) * (V.z - e.LN * b)  

   * sin(a) 

  return R 

end func 

 

func f_Z(V as vect, a as real, b as real, e as ema_space, s as 

sml_space) as real 

  redim R as real 

  R = f_N(V, a, b, e, s) / f_D(V, a, b, e, s) * (e.a - V.x *  

   cos(a) - V.y * sin(a)) 

  return R 

end func 

 

func B_INT(R as vect, e as ema_space, s as sml_space) as vect 

  redim V as vect, g as real, h as real 

  g = 2 * PI / sr2 

  h = 1 / sr2  

  V = xVect(0, 0, 0) 

  V.x = f_X(R, 0, 0, e, s) + f_X(R, 2 * PI, 0, e, s) + f_X(R, 0,  

   e.N, e, s) + f_X(R, 2 * PI, e.N, e, s) 

  for j = 1 to sr2 / 2 - 1 

    V.x = V.x + 2 * (f_X(R, (2 * j) * g, 0, e, s) + f_X(R, (2 *  

   j) * g, e.N, e, s)) 

  next j 

  for k = 1 to sr2 * e.N / 2 - 1 

    V.x = V.x + 2 * (f_X(R, 0, (2 * k) * h, e, s) + f_X(R, 2 *  

     PI, (2 * k) * h, e, s)) 

  next k 
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  for j = 1 to sr2 / 2 

    V.x = V.x + 4 * (f_X(R, (2 * j - 1) * g, 0, e, s) + f_X(R, (2  

     * j - 1) * g, e.N, e, s)) 

  next j 

  for k = 1 to sr2 * e.N / 2 

    V.x = V.x + 4 * (f_X(R, 0, (2 * k - 1) * h, e, s) + f_X(R, 2  

     * PI, (2 * k - 1) * h, e, s)) 

  next k 

  for j = 1 to sr2 / 2 - 1 

    for k = 1 to sr2 * e.N / 2 - 1 

      V.x = V.x + 4 * f_X(R, (2 * j) * g, (2 * k) * h, e, s) 

    next k   

  next j 

  for j = 1 to sr2 / 2 - 1 

    for k = 1 to sr2 * e.N / 2 

      V.x = V.x + 8 * f_X(R, (2 * j) * g, (2 * k - 1) * h, e, s) 

    next k   

  next j 

  for j = 1 to sr2 / 2 

    for k = 1 to sr2 * e.N / 2 - 1 

      V.x = V.x + 8 * f_X(R, (2 * j - 1) * g, (2 * k) * h, e, s) 

    next k   

  next j 

  for j = 1 to sr2 / 2 

    for k = 1 to sr2 * e.N / 2 

      V.x = V.x + 16 * f_X(R, (2 * j - 1) * g, (2 * k - 1) * h,  

       e, s) 

    next k   

  next j 

  V.x = g * h / 9 * V.x 

  if abs(V.x) <= TOL then V.x = 0 

  V.y = f_Y(R, 0, 0, e, s) + f_Y(R, 2 * PI, 0, e, s) + f_Y(R, 0,  

  e.N, e, s) + f_Y(R, 2 * PI, e.N, e, s) 

  for j = 1 to sr2 / 2 - 1 

    V.y = V.y + 2 * (f_Y(R, (2 * j) * g, 0, e, s) + f_Y(R, (2 *  

     j) * g, e.N, e, s)) 

  next j 

  for k = 1 to sr2 * e.N / 2 - 1 

    V.y = V.y + 2 * (f_Y(R, 0, (2 * k) * h, e, s) + f_Y(R, 2 *  

     PI, (2 * k) * h, e, s)) 

  next k 

  for j = 1 to sr2 / 2 

    V.y = V.y + 4 * (f_Y(R, (2 * j - 1) * g, 0, e, s) + f_Y(R, (2  

     * j - 1) * g, e.N, e, s)) 

  next j 

  for k = 1 to sr2 * e.N / 2 

    V.y = V.y + 4 * (f_Y(R, 0, (2 * k - 1) * h, e, s) + f_Y(R, 2  

     * PI, (2 * k - 1) * h, e, s)) 

  next k 

  for j = 1 to sr2 / 2 - 1 

    for k = 1 to sr2 * e.N / 2 - 1 

      V.y = V.y + 4 * f_Y(R, (2 * j) * g, (2 * k) * h, e, s) 

    next k   

  next j 
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  for j = 1 to sr2 / 2 - 1 

    for k = 1 to sr2 * e.N / 2 

      V.y = V.y + 8 * f_Y(R, (2 * j) * g, (2 * k - 1) * h, e, s) 

    next k   

  next j 

  for j = 1 to sr2 / 2 

    for k = 1 to sr2 * e.N / 2 - 1 

      V.y = V.y + 8 * f_Y(R, (2 * j - 1) * g, (2 * k) * h, e, s) 

    next k   

  next j 

  for j = 1 to sr2 / 2 

    for k = 1 to sr2 * e.N / 2 

      V.y = V.y + 16 * f_Y(R, (2 * j - 1) * g, (2 * k - 1) * h,  

       e, s) 

    next k   

  next j 

  V.y = g * h / 9 * V.y 

  if abs(V.y) <= TOL then V.y = 0 

  V.z = f_Z(R, 0, 0, e, s) + f_Z(R, 2 * PI, 0, e, s) + f_Z(R, 0,  

  e.N, e, s) + f_Z(R, 2 * PI, e.N, e, s) 

  for j = 1 to sr2 / 2 - 1 

    V.z = V.z + 2 * (f_Z(R, (2 * j) * g, 0, e, s) + f_Z(R, (2 *  

     j) * g, e.N, e, s)) 

  next j 

  for k = 1 to sr2 * e.N / 2 - 1 

    V.z = V.z + 2 * (f_Z(R, 0, (2 * k) * h, e, s) + f_Z(R, 2 *  

     PI, (2 * k) * h, e, s)) 

  next k 

  for j = 1 to sr2 / 2 

    V.z = V.z + 4 * (f_Z(R, (2 * j - 1) * g, 0, e, s) + f_Z(R, (2  

     * j - 1) * g, e.N, e, s)) 

  next j 

  for k = 1 to sr2 * e.N / 2 

    V.z = V.z + 4 * (f_Z(R, 0, (2 * k - 1) * h, e, s) + f_Z(R, 2  

     * PI, (2 * k - 1) * h, e, s)) 

  next k 

  for j = 1 to sr2 / 2 - 1 

    for k = 1 to sr2 * e.N / 2 - 1 

      V.z = V.z + 4 * f_Z(R, (2 * j) * g, (2 * k) * h, e, s) 

    next k   

  next j 

  for j = 1 to sr2 / 2 - 1 

    for k = 1 to sr2 * e.N / 2 

      V.z = V.z + 8 * f_Z(R, (2 * j) * g, (2 * k - 1) * h, e, s) 

    next k   

  next j 

  for j = 1 to sr2 / 2 

    for k = 1 to sr2 * e.N / 2 - 1 

      V.z = V.z + 8 * f_Z(R, (2 * j - 1) * g, (2 * k) * h, e, s) 

    next k   

  next j 

  for j = 1 to sr2 / 2 

    for k = 1 to sr2 * e.N / 2 

      V.z = V.z + 16 * f_Z(R, (2 * j - 1) * g, (2 * k - 1) * h,  

       e, s) 

    next k   

  next j 
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  V.z = g * h / 9 * V.z 

  if abs(V.z) <= TOL then V.z = 0 

  magSt V 

  return V 

end func 

 

func B_CAL(R as vect, s as sml_space) as vect 

  redim V as vect 

  V = xVect(0, 0, 0) 

  for Z = 1 to eMAX 

    V = aVect(V, B_INT(sVect(R, ema(Z).R1), ema(Z), s)) 

  next Z 

  magSt V 

  return V 

end func 

 

void f_B(file$, s as sml_space) 

  redim V as vect 

  open file$ for binary as #1 

  seek #1, 1: tp$ = mkn(s.N): put #1, , tp$ 

  for i = 0 to s.N - 1 

    for j = 0 to s.N - 1 

      for k = 0 to s.N - 1 

        V = xVect(0, 0, 0) 

        V.x = (s.R1.x - (s.M.x / 2)) + s.MN.x * (i + 0.5) 

        V.y = (s.R1.y - (s.M.y / 2)) + s.MN.y * (j + 0.5) 

        V.z = (s.R1.z - (s.M.z / 1)) + s.MN.z * (k + 0.5) 

        magSt V 

        write_data_v B_CAL(V, s), 1, s.N, i, j, k 

      next k 

    next j 

  next i 

  close #1 

end void 
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CALU Module: 

func U_CAL(V as vect, s as sml_space) as real 

  redim R as real 

  R = -s.x1 / (u0 * (1 + s.x1)) * s.MN.x * s.MN.y * s.MN.z * V.m  

   * V.m 

  return R 

end func 

 

void f_U(fileI$, fileO$, s as sml_space) 

  redim V as vect 

  open fileI$ for binary as #1 

  open fileO$ for binary as #2 

  seek #2, 1: tp$ = mkn(s.N): put #2, , tp$ 

  for i = 0 to s.N - 1 

    for j = 0 to s.N - 1 

      for k = 0 to s.N - 1 

        read_data_v V, 1, s.N, i, j, k 

        write_data_r U_CAL(V, s), 2, s.N, i, j, k 

      next k 

    next j 

  next i 

  close #2 

  close #1 

end void 
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CALF Module: 

func F_CAL(R as vect, A as vect, B as vect, C as vect, s as 

sml_space) as vect 

  redim V as vect 

  V = xVect(0, 0, 0) 

  V.x = 2 * s.x1 / (u0 * (1 + s.x1)) * s.MN.y * s.MN.z * (R.x *  

   (R.x - A.x) + R.y * (R.y - A.y) + R.z * (R.z - A.z)) 

  if abs(V.x) <= TOL then V.x = 0 

  V.y = 2 * s.x1 / (u0 * (1 + s.x1)) * s.MN.x * s.MN.z * (R.x *  

   (R.x - B.x) + R.y * (R.y - B.y) + R.z * (R.z - B.z)) 

  if abs(V.y) <= TOL then V.y = 0 

  V.z = 2 * s.x1 / (u0 * (1 + s.x1)) * s.MN.x * s.MN.y * (R.x *  

   (R.x - C.x) + R.y * (R.y - C.y) + R.z * (R.z - C.z)) 

  if abs(V.z) <= TOL then V.z = 0 

  magSt V 

  return V 

end func 

 

void f_F(fileI$, fileO$, s as sml_space) 

  redim V as vect, A as vect, B as vect, C as vect 

  open fileI$ for binary as #1 

  open fileO$ for binary as #2 

  seek #2, 1: tp$ = mkn(s.N): put #2, , tp$ 

  for i = 0 to s.N - 1 

    for j = 0 to s.N - 1 

      for k = 0 to s.N - 1 

        read_data_v V, 1, s.N, i, j, k 

        if i = 0 then read_data_v A, 1, s.N, s.N - 2, j, k else  

         read_data_v A, 1, s.N, i - 1, j, k 

        if j = 0 then read_data_v B, 1, s.N, i, s.N - 2, k else  

         read_data_v B, 1, s.N, i, j - 1, k 

        if k = 0 then read_data_v C, 1, s.N, i, j, 0       else  

         read_data_v C, 1, s.N, i, j, k - 1 

        write_data_v F_CAL(V, A, B, C, s), 2, s.N, i, j, k 

      next k 

    next j 

  next i 

  close #2 

  close #1 

end void 
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CALS Module: 

func S_CAL(n as nmbr, s as sml_space) as vect 

  redim V as vect, R as vect 

  V = xVect(0, 0, 0) 

  for i = 0 to s.N - 1 

    for j = 0 to s.N - 1 

      for k = 0 to s.N - 1 

        read_data_v R, n, s.N, i, j, k 

        V.x = V.x + R.x 

        if abs(V.x) <= TOL then V.x = 0 

        V.y = V.y + R.y 

        if abs(V.y) <= TOL then V.y = 0 

        V.z = V.z + R.z 

        if abs(V.z) <= TOL then V.z = 0 

      next k 

    next j 

  next i 

  magSt V 

  return V 

end func 

 

void f_S(fileI$, fileO$, s as sml_space) 

  redim V as vect 

  open fileI$ for binary as #1 

  open fileO$ for output as #2 

  V = S_CAL(1, s) 

  print #2, "** Net Force Calculator **" 

  print #2, "--------------------------" 

  print #2, "Fx  -> "; V.x 

  print #2, "Fy  -> "; V.y 

  print #2, "Fz  -> "; V.z 

  print #2, "|F| -> "; V.m 

  close #2 

  close #1 

end sub 
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CALCCA Module: 

func BF_CAL(n1 as nmbr, n2 as nmbr, s as sml_space) as vect 

  redim V as vect, A as vect, B as vect, C as vect 

  seek #n1, 1: tp$ = mkn(s.N): put #n1, , tp$ 

  for i = 0 to s.N - 1 

    for j = 0 to s.N - 1 

      for k = 0 to s.N - 1 

        V = xVect(0, 0, 0) 

        V.x = (s.R1.x - (s.M.x / 2)) + s.MN.x * (i + 0.5) 

        V.y = (s.R1.y - (s.M.y / 2)) + s.MN.y * (j + 0.5) 

        V.z = (s.R1.z - (s.M.z / 1)) + s.MN.z * (k + 0.5) 

        magSt V 

        write_data_v B_CAL(V, s), n1, s.N, i, j, k 

      next k 

    next j 

  next i 

  seek #n2, 1: tp$ = mkn(s.N): put #n2, , tp$ 

  for i = 0 to s.N - 1 

    for j = 0 to s.N - 1 

      for k = 0 to s.N - 1 

        read_data_v V, n1, s.N, i, j, k 

         if i = 0 then read_data_v A, 1, s.N, s.N - 2, j, k else  

         read_data_v A, 1, s.N, i - 1, j, k 

        if j = 0 then read_data_v B, 1, s.N, i, s.N - 2, k else  

         read_data_v B, 1, s.N, i, j - 1, k 

        if k = 0 then read_data_v C, 1, s.N, i, j, 0       else  

         read_data_v C, 1, s.N, i, j, k - 1 

        write_data_v F_CAL(V, A, B, C, s), n2, s.N, i, j, k 

      next k 

    next j 

  next i 

  V = S_CAL(n2, s) 

  return V 

end func 

 

void I_rampD(dlt as nmbr, s as sml_space) 

  for Z = 1 to eMAX 

    if (abs(ema(Z).R1.x - s.R1.x) / eBSU <= dlt) or  

    (abs(ema(Z).R1.y - s.R1.y) / eBSU <= dlt) then  

      ema(Z).I1 = ema(Z).I1 * omega0 

    else 

      ema(Z).I1 = 0 

    end if 

  next Z 

end void 
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void I_rampU(dlt as nmbr, s as sml_space) 

  for Z = 1 to eMAX 

    if (abs(ema(Z).R1.x - s.R1.x) / eBSU <= dlt) or  

     (abs(ema(Z).R1.y - s.R1.y) / eBSU <= dlt) then  

      ema(Z).I1 = ema(Z).I1 / omega0 

    else 

      ema(Z).I1 = 0 

    end if 

  next Z 

end void 

 

void I_setup(dlt as nmbr, s as sml_space) 

  for Z = 1 to eMAX 

    if (abs(ema(Z).R1.x - s.R1.x) / eBSU <= dlt) or  

     (abs(ema(Z).R1.y - s.R1.y) / eBSU <= dlt) then  

      ema(Z).I1 = ema(Z).Im * sigma1 

    else 

      ema(Z).I1 = 0 

    end if 

  next Z 

end void 

 

void swap_e() 

  for Z = 1 to eMAX 

    swap ema(Z).I0, ema(Z).I1 

  next Z 

end void 

 

void swap_s(s as sml_space) 

  swap s.R0.x, s.R1.x 

  swap s.R0.y, s.R1.y 

  swap s.R0.z, s.R1.z 

  swap s.R0.m, s.R1.m 

end void 

 

void f_CCA(file$, s as sml_space) 

  redim V as vect, xMAX as real, yMAX as real, cnt as nmbr, dlt  

   as nmbr, CCA as nmbr 

  cnt = -1 

  dlt = -1 

  CCA = 0 

  swap_e 

  swap_s s 

  open "CCA-B.txt" for binary as #1 

  open "CCA-F.txt" for binary as #2 

  open file$ for output as #3 

  do 

    dlt = dlt + 1 

    I_setup dlt, s 

    V = BF_CAL(1, 2, s) 

  loop until (abs(V.z)>= s.W * alpha0 or dlt = 1000) 

  I_setup dlt, s 

  do 

    cnt = cnt + 1 

    I_rampD dlt, s 

    V = BF_CAL(1, 2, s) 

  loop until (abs(V.z) < s.W * alpha0 or cnt = 1000) 
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  I_rampU dlt, s 

  sBSU = 0 

  for i = 0 to s.N - 1 

    for j = 0 to s.N - 1 

      for k = 0 to s.N - 1 

        V = xVect(0, 0, 0) 

        V.x = (s.R1.x - (s.M.x / 2)) + s.MN.x * (i + 0.5) 

        V.y = (s.R1.y - (s.M.y / 2)) + s.MN.y * (j + 0.5) 

        V.z = (s.R1.z - (s.M.z / 1)) + s.MN.z * (k + 0.5) 

        magSt V 

        V = B_CAL(V, s) 

        if abs(V.m)> abs(sBSU) then sBSU = V.m 

      next k 

    next j 

  next i 

  swap s.x0, s.x1 

  i = -1: j = -1: k = 0 

  do 

    i = i + 1 

    V = xVect(0, 0, 0) 

    V.x = (s.M.x / 2) + s.MN.x * (i + 0.5) 

    V.y = 0 

    V.z = -s.MN.z * 0.5 

    magSt V 

    V = B_CAL(V, s) 

  loop until (abs(V.m) < abs(sBSU) * sigma2) 

  xMAX = abs((s.M.x / 2) + s.MN.x * (i + 0.5)) 

  do 

    j = j + 1 

    V = xVect(0, 0, 0) 

    V.x = 0 

    V.y = (s.M.y / 2) + s.MN.y * (j + 0.5) 

    V.z = -s.MN.z * 0.5 

    magSt V 

    V = B_CAL(V, s) 

  loop until (abs(V.m) < abs(sBSU) * sigma2) 

  yMAX = abs((s.M.y / 2) + s.MN.y * (j + 0.5)) 

  swap s.x0, s.x1 

  if xMAX > yMAX then sBSU = xMAX else sBSU = yMAX 

  dlt = sBSU / eBSU 

  if dlt / 2 = int(dlt / 2) then dlt = dlt + 1 

  CCA = 2 * dlt + 1 

  print #3, "** CCA Calculator **" 

  print #3, "--------------------" 

  print #3, "delta -> "; dlt 

  print #3, " CCA  -> "; CCA 

  print #3, "";  

  print #3, "count -> "; cnt - 1 

  close #3 

  close #2 

  close #1 

  kill "CCA-B.txt" 

  kill "CCA-F.txt" 

  swap_e 

  swap_s s 

end void 
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