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2.5 sec 10 sec 10 sec

10 sec
 

20kHz 50
sec 1/5 1/20

 
 

2.5 10 sec
5

10 sec 1GHz
 

2.5 10 sec
 

 
Runge-Kutta Runge-Kutta

4

1/20
1 Euler 2 Runge-Kutta

 
1 2 Runge-Kutta

4.4
Vf



75 
 

 
Semi-Implicit[51]

 
 

 
 

 
 

 
1 2 Runge-Kutta  

 
 
5 FPGA  

 



76 
 

5

 
4

 
 
5.1. 

 
12V

50V 8A  
 
5.1.1. 

 
5.1  

 
 5.1  



77 
 

L1 L2 2 L2
C2 C7

ESR ESR
ESR  

 
 5.2  

 
FET 60V 2SK2232 LT1160 9
DSUB TTL

Duty=0% 100% LT1160
 

5.3
5.3  

 
 



78 
 

 
 5.3  
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5-1  
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5.1.4. 

 
5.1.3 R  

h=10sec 4 Runge-Kutta
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4.7 2.5 10 sec
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FPGA

 

 
 5.21 TaskTick LoEventCount =0  

 

 

 5.22 TaskTick LoEventCount =19  
 

8Clock

 

 

20Clock Clock

8Clock

 TaskTick

HiSide PWM

LoSide PWM

HiEventCount

LoEventCount

EventCounter

 

19Clock

 

7Clock
7Clock

 
TaskTick

HiSide PWM

LoSide PWM

HiEventCount

LoEventCount

EventCounter
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5.3.4. 

 
5.23 dSPACE

DS1005 FPGA DS5203
PC

FPGA PWM FPGA
PWM FPGA

1 sec 4.7
ON 1+1 sec  

 
 5.23  

 

 

 5.24 50kHz  

PWM (50kHz)

20 sec
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 5.25 20kHz
Duty =0.5  

 
5.24 5.25

FPGA System Generator
FPGA RTL 1

 

 
 

5.26 5.27 Duty 0.3 0.7
L=270 H 5.27 Duty 

8A  
 
 
 
 
 

PWM 50 s 20kHz 

Inductor Current of Actual Circuit (A)

Inductor Current of Simulation (A) 

1A 
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 5.26 Duty =0.3  5.27 Duty =0.7  

 
5.28 R

AC ESR

ESR 10kHz C2 60m

ESR 100m 160m 300m

ESR

 

 
 5.28  

 

Inductor Current of Actual Circuit (A) 

Inductor Current of Simulation (A) 

50 s 20kHz 

1A 

Inductor Current of Actual Circuit (A) 

Inductor Current of Simulation (A) 

50 s 20kHz 

1A 

1V

Output Voltage of Actual Circuit (V)

            Output Voltage of Simulation (V) re2=300m  

50 sec 
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FPGA PWM 5.29
PWM ( OFF OFF) Duty =0.5

R2 R1=1

 
5.30

R1=400 m 400m
 

 

 

 5.29 5.30  
R1=1   R1=400m  

 
5.31 Duty =0.5 PWM

C2 R CR 220E-6 100=22msec
PWM FET =12V

 
11msec 60% 11msec

24V 60% 14.4V
 

 
 
 
 
 

Output Voltage of Actual Circuit (V) 

  Output Voltage of Simulation (V) R1=400m

Output Voltage of Actual Circuit (V)

   Output Voltage of Simulation (V) R1=0  

10m sec 2m sec
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 5.30 PWM-OFF R1=0  

 

Output Voltage of Actual Circuit (V)

        Output Voltage of Simulation (V) 

11m sec

24 60%=14.4V
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6

 
6.1. 

1

 

MBD(Model-Based Design )
MBD

MBD
MBD  

20kHz

MBD  
2

 
3

 
4

 

1 2 Runge-Kutta
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5 1GHz PowerPC

3.5 sec 20kHz
50 sec 1/14  

 
FPGA Duty 0.1%(1/1000)

FPGA 1/1000 100MHz
FPGA 100kHz  
  
6.2. 

 
Runge-Kutta

20kHz
 

 
Semi-Implicit

Stiff

Semi-Implicit
 

 
 

6.3. 

 
MBD

HIL MBD
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Model-Based  
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dSPACE Japan( )  

 
 

 
 

1  
[1] Stuart Bennett ,  1998/08 

[2] The Math Work, Fly Me to the Moon-Then and Now   MATLAB newsletter/summer 1999 

http://www.mathworks.co.jp/company/newsletters/news_notes/sum99/lunar_module.html 

[3]  “Virtual Vehicle Test Drivers”, dSPACE Magazine3/2010 

[4]  

2011 ver.2,  Sep. 2011. 

[5]  W.Nagel, SPICE2: A Computer Program to Simulate Semiconductor Circuits,  University of 

California, Berkeley Technical Report No. UCB/ERL M520 1975. 

[6] H.W. Dommel EMTP Theory Book.2nd edition.Vancouver,British Columbia:Microtran Power 

System Analysis Corporation,1992 

[7] J. R. Marti and J. Lin, “Numerical Oscillations in EMTP-Like Programs,” IEEE Trans. Power 

Syst., vol. 4, no. 2, pp. 739–747, May 1989 

[8] J. R. Marti and J. Lin, “Suppression of numerical oscillations in the EMTP,” IEEE Trans. Power 

Syst., vol. 4, no. 2, pp. 739–747, May 1989 

[9] M.Hamouda, F.Fnaiech,K.AL-Haddad.” DSP based real-time simulation of Dual-Bridge Matrix 

Converters,” Industrial Electronics, 2007,ISIE 2007,IEEE International Symposium. 

[10] T. Larsson, J. Hasler, P. Forsyth, and T. Maguire, “Voltage source converter modeled in 

RTDS—experiences and comparison with field results,” presented at the IPST, Lyon, France, 

Jun. 2007. 

[11] C. Dufour,V. Jalili-Marandi,, J.Bélanger, L.Snider “Power system simulation algorithms for 



107 
 

parallel computer architectures,”  Proceedings of the 2012 PES General Meeting San Diego, 

USA, July 22-26, 2012.  

[12] C.Dufour, T.O. Bachir, L. Grégoire, J.Bélanger “Solvers for Real-Time Simulation of Bipolar 

Thyristor-Based HVDC and 180-cell HVDC Modular Multilevel Converter for System,” 

Dynamics and Control of Switched Electronic Systems Advances in Industrial Control2012, pp 

451-487 

[13] G.G.Parama,V.Dinavahi, ”Real-Time Digital Hardware Simulation of Power Electronics and 

Drives,” Power Delivery, IEEE Transactions on  (Volume:22 ,  Issue: 2 ) 2007. 

[14] M. Matar, R. Iravani “FPGA Implementation of the Power Electronic Converter Model for 

Real-Time Simulation of Electromagnetic Transients,” IEEE Trans. Power Deliver, vol. 25, 

No.2. Apr. 2010. 

[15] H.F. Blanchette, T. Ould-Bachir, J. P. David, “A State-Space Modeling Approach for the 

FPGA-Based Real-Time Simulation of High Switching Frequency Power Converters,” IEEE 

Trans. Industrial Electronics Vol. 59, No. 12, Dec 2012 

[16] IEEE Control Systems Magazine June2005  

[17] A. Gole, A. Keri, C. Kwankpa, E. Gunther, H. Dommel, I. Hassan,J. Marti, J. Martinez, K. 

Fehrle, L. Tang, M. McGranaghan, O. Nayak,P. Ribeiro, R. Iravani, and R. Lasseter, 

“Guidelines for modeling power electronics in electric power engineering applications,” IEEE 

Trans. Power Del., vol. 12, no. 1, pp. 505.514, Jan. 1997. 

[18]  dSPACE Japan

BP  

[19]  2000 10

CQ  

[20] M.Rappl,P.Braun,M.Beeck,C.Schroder,” Automotive Software Development: A Model Based 

Approach,” SAE 2002-01-0875  

[21] H.Kidokoro, M.Nakahara “Application of Model-Based Design in Development of Micro-Grid 

System,”  Proceeding INTELEC2011 Amsterdam 

[22] H.Kidokoro, M.Nakahara “New Development Method of Control Software for Smart Energy 

Applications dealing with Multi Sample Rate Controller,” Proceeding ICRERA 2012 P99  

November/2012 9 Nagasaki 

 
2  

[23] 

[24] 



108 
 

[25] , , 

, 2008.

[26] , ,  , 2003. 
[27] , ,  , 1985. 
[28] , , 2004. 
[29] , , , 1978. 
[30]

[31] 

http://www.yamamo10.jp/yamamoto/lecture/2007/5E_comp_app/differential_equation/diff_eq_

html/index.html
 

3  
[32] H.W.Dommel,“Digital computer solutions of electromagnetic transients in single and 

multiphase networks,” IEEE Trans. Power App.Syst., vol. PAS-88, no. 4, pp. 388.399, Apr. 

1969. 

[33] N. Watson and J. Arrilaga, Power Systems Electromagnetic Transients Simulation, A. Johns 

and D. Warne, Eds. London, U.K.: IET, 2003, IET Power and Energy Series 

[34]

http://wave2.iobb.net/doc/spice/2.html 
[35] http://www.shmj.or.jp/index.html

http://www.shmj.or.jp/museum2010/exhibi726.h 
[36] Stefan Jahn, “Qucs Technical Papers” 

     Qucs-Project http://qucs.sourceforge.net/docs/technical.pdf 

[37] S.Y.R.Hui,S.Morrall,”Generalised accosiateddiscrete circuit model for switching deviced,” IEE 

Proc.Sci.Meas,Technol.,Vol 141,No.1,January 1994. 

[38] , , , 2002. 

[39] G.D>Hachtel,R.K.Brayton,F.G.Gustavson, “The Space Tableau Approach to Network Analysis 

and Design,”, IEEE Trans. Circuit Theory, vol. CT-18,No.1, pp.101-113, Jan.1971  

[40] 1998 

 
LectoreNote 

http://cms.db.tokushima-u.ac.jp/DAV//lecture/125260/LectureNote/Circuit/CForm
ulation.pdf 
[41] A. L. Shenkman, Transient Analysis of Electric Power Circuits Handbook, Springer, 2005/11/7. 

[42] L. O. C. P.-M. Lin, Computer-Aided Analysis of Electronic Circuits: Algorithms and 



109 
 

Computational Techniques, series in electrical & computer engineering: Prentice-Hall, 

1975/June. 

[43] Venkatachari Rajagopalan,”Computer-Aided Analysis of Power Electronic Systems (Electrical 

and Computer Engineering),” MARCEL DEKKER,INC,New York,1987. 

 
4  

[44]  

1992. 

[45] DC/DC

B Vol.J97-B, No.6, 

Jun. 2014. 

[46] FPGA

 , vol. 113, no. 444, EE2013-55, pp. 37-42, 

2014 2  

[47] Q. Do, B. DeKelper, L. Dessaint, and J. Soumagne, An algorithm for accurate switching 

representation in fixed-step simulation of power electronics,” IEEE Power Engineering Society 

Winter Meeting, vol. 1, pp. 762 –767, 2000. 

[48] K. Strunz, X. Lombard, O. Huet, J. Marti, L. Linares, and H. Dommel, Real

nodal-analysis-based solution techniques for simulations of Electromagnetic Transients in 

Power Electronic Systems,” 13th PSCC, pp. 1047-1053, June28-July 2, 1999. 

[49] K. Lian and P. Lehn, “Real-time simulation of voltage source converters based on time average 

method,” IEEE Trans. Power Syst.,  vol. 20,  no. 1,  pp.110 -118 2005 

[50] V. Dinavahi, M. Iravani, and R. Bonert, “Real time digital simulation of power electronic 

apparatus interfaced with digital controllers” IEEE transactions on Power Deliver, vol. 16, no. 4, 

October, 2001.  

[51] G. Rill. “A modified implicit EULER algorithm for solving vehicle dynamic equations . 

Multibody System Dynamics, 15(2):1–24, 2006.  

 

5  

[52]

NE 2012 

[53] dSPACE gmbH “DS1103Features.pdf”  

[54] dSPACE gmbH “DS1103RTI.pdf” 

[55] dSPACE gmbH “RTIFPGAProgrammingGuide.pdf” 

 
 



110 
 

1 RLC m-Script 
2 RLC m-Script 
3 RLC m-Script 
4 m-Script 
5 Adams-Bashforth m-Script 
6  Adams-Moulton m-Script 
7 Backward Differentiation formula m-Script 

 4 Runge-Kutta Simulink  
 



%
%
%
% ----------------------------------------------------------------- 
% LRCL
%   
%   +---R--n1--L--n2+       n1:Node-1
%   V               C       n2:Node-2
%   +---------------+
%                                2014/Jan
%-----------------------------------------------------------------

L=10E-3
C=1E-3

R=1;
V1=10;
Is=V1/R
h=1E-3;
Ts=h;
Cycle =100;
INTEGRAL='BE'

if strcmp(INTEGRAL,'TR')
  GL=h/L/2; %Trapezoidal
  GC=2*C/h;
else
  GL=h/L; 
  GC=C/h;   %BackwordEuler
end
  

Y= [  (1/R+GL)   -GL;
       -GL    (GC+GL)]

Vout  = zeros(2,Cycle);
Tout  = zeros(1,Cycle);

  v = [0  0]';
  I = [Is 0]';

  Icn  = 0;
  Iln  = 0;
  Vold = [0 0]';

  Tout(1,1)=0;

  for i=1:Cycle
     Vout(:,i)=v;  
     Tout(1,i+1)=i*h;
     v=Y\I; 
     
     if strcmp(INTEGRAL,'TR') % ----- Trapezoidal -------------------
   
         Icn  = GC*(v(2) - Vold(2))  -  Icn;   
         Iln  = GL*((v(1)-v(2)) + (Vold(1) - Vold(2)) ) +Iln; 
       
         IeqC  = - GC*v(2) - Icn;    
         IeqL  =   GL*(v(1)-v(2)) + Iln ;  
         
     else  %  --------------------  BackwordEuler -------------------
         
         Icn  = GC*(v(2) - Vold(2));                           
         Iln  = GL*(v(1)-v(2)) +Iln;                           
    
         IeqC  = - GC*v(2) ;       
         IeqL  =   Iln ;
         
     end  % ---------------------------------------------------------
   
     I(1) =  Is -IeqL;
     I(2) =  IeqL - IeqC ; 
     Vold = v;
  end

    
hold on
plot(Vout(1,:),'b' );  % Node-1 
plot(Vout(2,:),'g' );  % Node-2 
% 



%
%
%
% ----------------------------------------------------------------- 
% LRCL
%   
%   +---R--n1--L--n2+  n1:Node-1
%   V               C      n2:Node-1
%   +---------------+
%                                2014/Jan
%-----------------------------------------------------------------

L=10E-3
C=1E-3

R=1;
G=1/R
V1=10;
Is=V1/R
h=1E-3;
Ts=h;
Cycle =100;
INTEGRAL='BE'

if strcmp(INTEGRAL,'TR')
  GL=h/L/2; %Trapezoidal
  GC=2*C/h;
else
  GL=h/L; 
  GC=C/h;   %BackwordEuler
end
  
% ======= Modified Nodal Analysis  QUCS type  ===========================

reqL =1/GL;

Y =[G -G  0   0    1;
   -G  G  0   1    0;
    0  0 GC  -1    0;
    0  1 -1 -reqL  0;
    1  0  0   0    0];

I = [ 0 0 0 0   V1]';

Vout2 =zeros(5,Cycle);
Tout2 =zeros(1,Cycle);
v    = [0 0 0 0 0]';
Vold = [0 0 0 0 0]';
Vln  = 0;
Icn  = 0;

for i=1:Cycle
   Vout2(:,i)=v;
   Tout2(1,i+1)=i*h;
   v=Y\I;
   
   if strcmp(INTEGRAL,'TR') % ----- Trapezoidal -------------------
   
         Icn  = GC*(v(3) - Vold(3))  -  Icn;   
         Vln  =  reqL*(v(4) - Vold(4) ) - Vln;
       
         IeqC  = - GC*v(3) - Icn;    
         IeqL  =   GL*(v(1)-v(2)) + Iln ;  
         VeqL  =   -reqL*v(4) - Vln;      
   else  %  --------------------  BackwordEuler -------------------
         
         IeqC  = - GC*v(3) ;       
         VeqL  =   -reqL*v(4) ; % v(4)=IL
   end  % ---------------------------------------------------------

   I(3)= -IeqC;
   I(4)=  VeqL; 
   Vold=  v;
end

hold on
plot(Vout2(2,:)+0.1,'g' );   % Node-1
plot(Vout2(3,:)+0.1,'b' );   % Node-2
plot(Vout2(4,:)+0.1,'k' );   % 

% ======= Modified Nodal Analysis  Asahara type  ===========================

Y =[G -G    0     0    1;
   -G  G    0     1    0;
    0  0   GC   (-1)   0;
    0  GL (-GL) (-1)   0;
   -1  0    0     0    0];

I = [ 0 0 0  0  -V1]';

Vout3 =zeros(5,Cycle);
Tout3 =zeros(1,Cycle);
v    = [0 0 0 0 0]';
Vold = [0 0 0 0 0]';
Vln  = 0;
Icn  = 0;

for i=1:Cycle



   Vout3(:,i)=v;
   Tout3(1,i+1)=i*h;
   v=Y\I;
   
   if strcmp(INTEGRAL,'TR') % ----- Trapezoidal -------------------
   
         Icn  = GC*(v(3) - Vold(3))  -  Icn;   
       
         IeqC  = - GC*v(3) - Icn;    
         IeqL  =   GL*(v(2)-v(3)) + v(4) ;  % v(4)=iL(n)
         
   else  %  --------------------  BackwordEuler -------------------
         
         IeqC  = - GC*v(3) ;       
         IeqL  =   v(4);% v(4);  % v(4)=iL(n)
   end  % ---------------------------------------------------------

   I(3)= -IeqC;
   I(4)= -IeqL; 
   Vold=  v;
end

plot(Vout3(2,:)-0.1,'r', 'LineWidth',2); % Node-1
plot(Vout3(3,:)-0.1,'m', 'LineWidth',2); % Node-2
plot(Vout3(4,:)-0.1,'c' ,'LineWidth',2); % 
hold off



%
%
%
% ----------------------------------------------------------------- 
% LRCL
%   
%   +----R----L----+ 
%   V              C
%   +--------------+
%                                2014/Jan
%-----------------------------------------------------------------

L=10E-3
C=1E-3

R=1;
G=1/R
V1=10;
Is=V1/R
h=1E-3;
Ts=h;
Cycle =100;
INTEGRAL='BE'

if strcmp(INTEGRAL,'TR')
  GL=h/L/2; %Trapezoidal
  GC=2*C/h;
else
  GL=h/L; 
  GC=C/h;   %BackwordEuler
end
  

% ======= Sparse Tableau  ===========================
reqL =1/GL;

D=[ 1   0  0  1;
   -1   1  0  0;
    0  -1  1  0]

Zr4  = zeros(4,4);
Zr3  = zeros(3,3);

R_consti  = eye(4,4);  % R/G 1
G_consti  = eye(4,4);  %

R_consti(1,1) = -R;      % Node-1
R_consti(2,2) = -reqL;   % Node-2  
G_consti(3,3) =   -GC;   % Node-2

R_consti(4,4) = 0;     % Node-4
G_consti(4,4) = 1;     % Node-4

Tbr=[zeros(3,3)       D         zeros(3,4);
       D'         zeros(4,4)   -1*eye(4,4);
     zeros(4,3)    R_consti     G_consti]

Cst=[0 0 0 ,0 0 0 0,0 0 0 V1]';
v  = zeros(11,1);
Vout4 =zeros(11,Cycle);
Tout4 =zeros(1,Cycle);

Tou4t(1,1)=0;

for i=1:Cycle
   Vout4(:,i)=v;
   Tout4(1,i+1)=i*h;
   v=Tbr\Cst;
   
   if strcmp(INTEGRAL,'TR') % ----- Trapezoidal -------------------
   
         IeqC  = -GC*v(10)  - v(6);  % v(10)=VB3  v(6)=i3   
         VeqL  = -reqL*v(5) - v(9);  % v(5) =i2   v(9)=VB2 
         
   else  %  --------------------  BackwordEuler -------------------
         
         IeqC  = - GC*v(10);  % v(10)=VB3    
         VeqL  = -reqL*v(5);  % v(5)=i2
   end  % ---------------------------------------------------------

   Cst(9) = VeqL;
   Cst(10)= IeqC; 
   Vold=  v;
end

hold on
plot(Vout4(2,:)-0.1,'b', 'LineWidth',1);
plot(Vout4(5,:)-0.1,'m', 'LineWidth',1);
plot(Vout4(10,:)-0.1,'c' ,'LineWidth',1);
hold off



%
%
%
% ----------------------------------------------------------------- 
%
% 5 DC/DC
%                                2014/Jan
%-----------------------------------------------------------------

L  =180e-6
C1 =220e-6
C2 =220e-6

rs = 0.1
R  = 1e2

rl = 0.3

re1 = 0.06
re2 = 0.16

rsl = 0.03 % Lo On
rsh = 1e6

rsh = 0.03 % Hi On
rsl = 1e6

Cm=[C1 0; 0  C2];

Lm=[L];

Gm=[1/rsl  0  0  0   ; 0 1/rsh  0  0;...
     0     0  1/re1 0; 0   0    0  1/rl];

Rm=[rs 0 0; 0 re2  0; 0 0 R];

Vsm=[0  0  12]';

ntr_C =size(Cm,1);
ntr_G = size(Gm,1);
nln_L = size(Lm,1);
nln_R = size(Rm,1);

Qt=[ 1  -1   0   0; ...
     0   0  -1   0; ...
     1   0  -1  -1; ...
     0   0  -1  -1; ...
     1  -1   0   0; ...
     -1  0   0   0];

 QCL =Qt(1:ntr_C, 1:nln_L);
 QCR =Qt(1:ntr_C, nln_L+1:nln_L+nln_R);
 QGL =Qt(ntr_C+1:ntr_C+ntr_G, 1:nln_L);
 QGR =Qt(ntr_C+1:ntr_C+ntr_G, nln_L+1:nln_L+nln_R);

Bl=[ -1  0  -1  0  -1  1; ...
      1  0   0  0   1  0; ...
      0  1   1  1   0  0; ...
      0  0   1  1   0  0];
  
BLC =Bl(1:nln_L, 1:ntr_C);
BLG =Bl(1:nln_L, ntr_C+(1:ntr_G));
BRC =Bl(nln_L+(1:nln_R), 1:ntr_C);
BRG =Bl(nln_L+(1:nln_R), ntr_C+(1:ntr_G));

Ginv=inv(Gm);
Rinv=inv(Rm);

Req=Rm - BRG*Ginv*QGR
Geq=Gm - QGR*Rinv*BRG
  
ReqInv=inv(Req);
GeqInv=inv(Geq);

A11 = QCR*ReqInv*BRC
A12 =-QCL - QCR*ReqInv*BRG*Ginv*QGL
A22 = BLG*GeqInv*QGL
A21 =-BLC-BLG*GeqInv*QGR*Rinv*BRC

b11 = -eye(2,2);
b12 =-QCR*ReqInv*BRG*Ginv;
b13 = [0 0]'
b14 = QCR*ReqInv;

b21 = zeros(1,2)
b22 = BLG*GeqInv
b23 =-[0]
b24 =-BLG*GeqInv*QGR*Rinv;

B=[b11 b12 b13 b14; b21 b22 b23 b24]

M=[Cm zeros(2,1); zeros(1,2)  Lm]



A=M\[A11 A12;A21 A22]

M=[Lm zeros(1,2); zeros(2,1) Cm]

A=M\[A22 A21; A12 A11]

     
     
    



% -----------------------------------------------------------------
% 5
% ----------------------------------------------------------------- 
% Adams-Bashforth
%
%                                2014/Jan
%------------------------------------------------------------------

PlotNum=300;
th=[1:PlotNum]*2*pi/PlotNum
i=sqrt(-1);

zeta=exp(i*th);
zeta_i=1./zeta
dem= 1 - zeta_i;

p1 = (zeta -1);
p2 = (zeta -1)./(1+(dem.^1)/2);
p3 = (zeta -1)./(1+(dem.^1)/2 +(dem.^2)*5/12 );
p4 = (zeta -1)./(1+(dem.^1)/2 +(dem.^2)*5/12 + (dem.^3)*3/8 );
p5 = (zeta -1)./(1+(dem.^1)/2 +(dem.^2)*5/12 + (dem.^3)*3/8 + (dem.^4)*251/720);

hold on
    
plot(p1,'r');
plot(p2,'b');
plot(p3,'g');
plot(p4,'c');
plot(p5,'m');

% -----------------------------------------------------------------
% 6
% ----------------------------------------------------------------- 
% Adams-Moulton
%
%                                2014/Jan
%------------------------------------------------------------------

PlotNum=300;
th=[1:PlotNum]*2*pi/PlotNum
i=sqrt(-1);

zeta=exp(i*th);
zeta_i=1./zeta
dem= 1 - zeta_i;

p1 = (1-zeta_i);
p2 = (1-zeta_i)./(1-(dem.^1)/2);
p3 = (1-zeta_i)./(1-(dem.^1)/2 -(dem.^2)/12 );
p4 = (1-zeta_i)./(1-(dem.^1)/2 -(dem.^2)/12 -(dem.^3)/24 );
p5 = (1-zeta_i)./(1-(dem.^1)/2 -(dem.^2)/12 -(dem.^3)/24 - (dem.^4)*19/720);
p6 = (1-zeta_i)./(1-(dem.^1)/2 -(dem.^2)/12 -(dem.^3)/24 - (dem.^4)*19/720 - (dem.^5)*3/160);

hold on
    
plot(p1,'r');
%plot(p2,'b');
plot(p3,'g');
plot(p4,'c');
plot(p5,'m');
plot(p6,'k');

% -----------------------------------------------------------------
% 7
% ----------------------------------------------------------------- 
% Backward Differentiation formula
%
%                                2014/Jan
%-----------------------------------------------------------------

PlotNum=300;
th=[1:PlotNum]*2*pi/PlotNum
i=sqrt(-1);

p1 = (1-exp(-i*th));
p2 = (1-exp(-i*th)).^2;
p3 = (1-exp(-i*th)).^3;
p4 = (1-exp(-i*th)).^4;
p5 = (1-exp(-i*th)).^5;
p6 = (1-exp(-i*th)).^6;

hold on
    
plot(p1,'r');
plot(p1+p2/2,'b');
plot(p1+p2/2+p3/3,'g');
plot(p1+p2/2+p3/3+p4/4,'c');
plot(p1+p2/2+p3/3+p4/4+p5/5,'m');
plot(p1+p2/2+p3/3+p4/4+p5/5+p6/6,'k');




