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% | NPUT

% SinData - Sinulation paraneters

% SysData - Systemdata for sinmulation




% SysPara - Paraneters representing the events happening in the
system

% x0 - Initial systemstate

%

% OQUTPUT - (will be consolidated in a future version)

%

% TODO % Modi fy the output argunents

%

gl obal 1S_OCTAVE;

% i nport system data

[ bus, sw, pv, pq, shunt, | i ne, i nd, zi p, syn, exc, tg, agc, cac, cl ust er] =unf ol dSysDat a( SysDat a
% nbus: total nunber of buses

nbus=si ze(bus, 1) ;

nl i ne=si ze(line, 1);

%let er mi ne i sl andi ng
i f
i sfield(SysPara, ' nlslands')&& sfield(SysPara,'islands')&& sfield(SysPara, refs')

nl sl ands=SysPar a. nl sl ands; i sl ands=SysPar a. i sl ands; r ef s=SysPar a. r ef s;
el se
[ nl sl ands, i sl ands, ref s] =sear chl sl ands(bus(:,1),line(:,1:2));
end

% inprot initial condition

[ VO, QO, s0, dO, wO0, eql0, eq20, ed10, ed20, psi dO, psi g0, PnD, Ef O, Vavr nD, Vavrr 0, Vavr f 0, Vavrr
% i nport sinualtion data

[~ ~ ~ nlvl,taylorN, ~, ~, ~, ~] =unf ol dSi nDat a( Si nDat a) ;

% inmport system paraneters

[ pql ncr, pvl ncr, R ndO, R nd1, Rei ndO, Rei nd1, Rzi p0, Rzi p1, YtrO, Ytr1, YshO, Yshl, VspSg2, ~,
%

%It seenms that PQ increnental is given for every pq bus.

% need to figure howto utilize them

Pl s=zeros(nbus, 2); Pl s(pq(:,1),1)=pglncr(:,1);if

~i senpty(pv); Pl s(pv(:,1),1)=Pl s(pv(:,1),1)-pvincr;end

Q s=zeros(nbus, 2); A s(pqg(:,1),1)=pglncr(:,2);

% why additional PQis given

if size(pqglncr,2)>=4
Pl s(pg(:,1),2)=pglncr(:,3);
Q's(pa(:,1),2)=pglncr(:,4);

end

%formatting Ymatrix, here the default value of fault is enpty
if isempty(YtrO0)

[Y,YtrO, Ysh,ytrfr,ytrto, yshfr, yshto] =get YMatri x(nbus, line);
end

% reshape the pv, pg shunt and swi ng buses if they are enpty




busType=zer os(nbus, 1);

if isempty(pv)
pv=zeros(0, 6);

end

if isenmpty(pq)
pg=zeros(0, 6);

end

if isenpty(shunt)
shunt =zeros(0, 7) ;

end

if isempty(sw)
sw=zeros(0, 13);

end

% | abel pv and swi ng buses

% 1: PV bus, 0: PQ bus
busType(pv(:,1))=1
busType(sw(:, 1)) =2;

% zi p(busType(zip(:,1))~=0,10)=0;

% i ndex of swing bus (isw), pv bus(ipv), and pg bus(ipq)
%is given: isw, ipv, and ipq

% Addi tionally, nunber of pv and pg buses are given
%pv, npq respectively

i sw=find(busType==2);

i pv=find(busType==1);

i pg=find(busType==0);

npq=si ze(i pq, 1) ;

npv=si ze(ipv, 1);

% shunt capacitator is initialized as yShunt which is a conpl ex
nunber .

% for every bus

yShunt =zer os( nbus, 1) ;

yShunt (shunt (:, 1)) =shunt (:, 5) +1j *shunt (:, 6);

% check if zip |load exists in the system
%and initialized zip | oad
if ~isenpty(zip)%iphode=0

YshO=YshO+accumarray(zip(:, 1), Rzi p0.*(zip(:,5)+1j*zip(:,8)).*zip(:,12),
[ nbus, 1]);

Yshl=Yshl+accumarray(zip(:,1),Rzipl.*(zip(:,5)+1j*zip(:,8)).*zip(:,12),
[ nbus, 1]);
end

% now zip load + shunt
YshO=YshO+yShunt ;
% Y=Y+spar se( 1: nbus, 1: nbus, yShunt , nbus, nbus) ;

% now zip load + shunt+ network Y matrix
Y=Yt r O+spar se( 1: nbus, 1: nbus, YshO, nbus, nbus) ;




%nitialize P and Q for every bus
pVec=zer os(nbus, 1);

gVec=zer os(nbus, 1);

% vSp=zer os(nbus, 1);

% need to figure out the nmeaning of index 1, 4,5
% based Kaiyang's understanding, 1 is |oad side and 4&5 are
generators'
% out put
pVec(pv(:,1))=pVec(pv(:,1))+pv(:,4);
pVec(pq(:,1))=pVec(pq(:,1))-pq(:,4);
qVec(pq(:,1))=qVec(pq(:,1))-pq(:,5);
% account the zip load, i.e dynanm c | oad
if ~isenpty(zip)%i pMdde=0, account for the PQ conponents in ZIP | oads
pVec=pVec-accumarray(zip(:,1),Rzip0.*zip(:,7).*zip(:,12),
[ nbus, 1]);
gVec=gVec-accumarray(zip(:, 1), Rzi p0.*zip(:, 10).*zip(:, 12),
[ nbus, 1]);
end
% qVec(i pv) =qVec(i pv)+Q0(i pv);
% vSp(ipv)=pv(:,9);

%so far, initialization of PQ for every bus and Y nmatrix is ready

%initiliza voltage V and W= 1/V for every bus
V=zer os(nbus, nl vl +1) ;

V(:, 1) =V0;
Wezer os( nbus, nl vl +1) ;
W:, 1)=1./V0;

%initiliza magni tude of voltage V for every bus
Vmag=zer os( nbus, nl vl +1);
Vmag(:, 1) =abs(V0);

% Power is initilized as we al ready cooked pVec and qVec

P=zer os(nbus, nl vl +1);

P(:, 1) =pVec;

% P(i sw, 2: end) =0;

% here we need to figure out what Q extra nmean, and difference fromQ
% notice that Q) is initialized with sysndata but not PO

Q=zer os(nbus, nl vl +1);

tra=zeros(size(Q);

Q:,1)=Q;

tra(:, 1) =qVec;

% Al so, the nmeaning of Pls and Qs need to be verified
P(:,2:(size(Pls,2)+1))=-Pls;
tra(:,2:(size(Qs,2)+1))=-Qs;

% Iln the previous, pVec and qvec are considered zip |load, here Pls and

s




% are not, so we need to do it.

if ~isenmpty(zip)
P(:,2)=P(:,2)-accumarray(zip(:,1),Rzipl.*zip(:,7).*zip(:,12),

[ nbus, 1]);
tra(:,2)=xtra(:, 2)-

accumarray(zip(:,1), Rzipl.*zip(:,10).*zip(:,12),[nbus, 1]);

end

% Xxtra(busType~=0, 2: end) =Q busType~=0, 2: end) ;

% Q busType~=0, 2: end) =0;

% seperate real and i mage part of voltages and their inverse
% here V = C+1i*D

%and W= 1./V = E + 1li*F

CO=real (V(:,1));

DO=i mag(V(:,1));

EO=real (W:,1));

FO=i mag(W:,1));

% Construct sparse matrix individually for C D E, F, P, Q

% Notice that Q= Q:,1)+Xxtra(:,1) which is different fromP
COMespar se( 1: nbus, 1: nbus, C0, nbus, nbus);

DOMespar se( 1: nbus, 1: nbus, DO, nbus, nbus) ;

EOM=spar se( 1: nbus, 1: nbus, EO, nbus, nbus);

FOM=spar se( 1: nbus, 1: nbus, FO, nbus, nbus);

POMespar se( 1: nbus, 1: nbus, P(:, 1), nbus, nbus) ;
QOMe=spar se(1: nbus, 1: nbus, :,1)+Qxtra(:, 1), nbus, nbus);

% get real part and image part of Y matrix, not sure why do this
Gereal (YY)

B=i mag(Y);

%so Y =G+ 1i*B

% Determ ne the frequency nodel of each island
% 0: sw, 1: syn, 2: steady-state f
freqTypeTag=zer os(nl sl ands, 1); %0: sw, 1: syn, 2: st eady-state f
f r eqKept Tag=zer os( nbus, 1) ;
frefs=refs;
f swrag=zer os(nbus, 1) ;
f synTag=zer os(nbus, 1);
f swlag(i sw) =1;
f swragxD=f swTag;
fsynTag(syn(:,1))=1;
for isl=1:nlslands
if isempty(find(fswlag(islands==isl)==1, 1))
if isempty(find(fsynTag(islands==isl)==1, 1))
freqTypeTag(isl)=2;
busesl nl sl and=fi nd(i sl ands==i sl );
[~,imn]=mn(abs(D0(buseslnlsland)));
frefs(isl)=busesinlsland(imn(l));
f swragxD(frefs(isl))=1
f r eqgKept Tag( busesl nl sl and) =1




end
fre
fre
nFr

% t
if

bu

(R2.

el se
freqTypeTag(isl)=1;
end
end

gKept TagxRef =f r egKept Tag;
gKept TagxRef (frefs) =0;
eqKept =sunt{ f r eqKept Tag) ;

his part is for initialling inductor
~i senpt y(i nd) % check if there is any inductor

nl nd=si ze(ind, 1); % det erm ne the nunber of inductors

i ndl dx=i nd(:, 1); % store the index of inductors anong al
ses

s=zeros(nlnd, nl vl +1); %slip

s(:,1)=s0; %initialize slip

| L=zeros(nlnd, nlvl +1); % |
| R=zeros(nlnd, nlvl +1); % |
Vmezeros(nlnd, nlvli+1); %initialization finished 0 val ue

%o -----mmmmmm - - paraneters of inductors---------
% -------mm - - START----------------

Ri=i nd(:,7);

X1l=ind(:, 8);

Z1=ind(:,7)+1j*ind(:, 8);

Ze=1j *ind(:, 13);

R2=i nd(:,9);

X2=i nd(:, 10);

TO=i nd(:, 15) +i nd(:, 16) +i nd(:, 17);
T1=-ind(:,16)-2*ind(:, 17);

T2=ind(:, 17);

Hrei nd(:, 14);
%o -----mmmmmm - - paraneters of inductors---------
% -------mm - - END----------------

Rmezeros(nlnd, 1);
Amespar se(i ndl dx, (1: nlnd)', ones(1, nl nd), nbus, nl nd);

% first order value of induction motor IL,VMIR
IL(:,1)=VO(indldx)./(Z1+Ze.*(R2+1j*X2.*s0)./
*Rei nd0+( 1j * X2. *Rei nd0+Ze) . *s0) ) ;

Vn(:, 1)=VO(indldx)-IL(:,1).*Z1;
IR(:,1)=Vn(:,1).*s0./(R2+1j *X2. *s0) ;

JO=real (IR(:,1));




KO=i mag(I R(:,1));
JLO=real (1L(:,1));
KLO=i mag(IL(:,1));

% prepare the algebric matrix
Yei ndO=Rei ndO. / Ze;

Yei nd1=Rei nd1. / Ze;

Yeli ndO=Rei nd0. *Z1. / Ze;
Yeli nd1=Rei ndl. *Z1./ Ze;
Ge=r eal ( Yei nd0) ;

Be=i mag( Yei ndO0) ;
kgle=real (Yeli ndO);
kble=i mag( Yeli nd0);
Gel=real (Yeindl);

Bel=i mag( Yei ndl);
kglel=real (Yeli ndl);
kblel=i mag( Yeli ndl);

% LHS Mat I nd_Shr_sqz=zeros(nlnd, 4);
% RHS C Shr_sqz=zeros(nlnd, 8);
% LHS MatInd_Shr2 sqz=zeros(nlnd, 8);
%
% LHS Mat I nd_Shr=zeros(nlnd, 2, 2);
% RHS C Shr=cel |l (nlnd, 1);
% LHS Mat I nd_Shr2=cell (nlind,1); % A*-1B
% LHS MatInd_Shr3=cell (nind,1); %A1
%
% for i=1:nlnd
% LHS MatInd=[ R2(i),-X2(i)*s0(i),RL(i)*s0(i), -
X1(i)*s0(i),-s0(i),0;...
% X2(i)*s0(i), R2(i),X1(i)*s0(i),
RL(i)*s0(i),0,-s0(i);...
% -1,0, 1+kgle(i),-kble(i),-Ge(i), Be(i);...
% 0,-1,kble(i), 1+kgle(i),-Be(i),-Ge(i);];
% tenpO=LHS MatInd([3,4],[1,2])\eye(2);
% AM-1
% LHS Mat | nd_Shr2{i}=tenpO*LHS MatInd([3,4],[3,4,5,6]);
% AM- 1B
% LHS Mat I nd_Shr3{i} =t enpO;
% AM-1
% tenpl=LHS MatInd([1,2],[21,2])/LHS MatInd([3,4],[1,2]);
% CAMN- 1
% tenp2=LHS MatInd([1,2],[3,4,5,6])-
tenmpl*LHS MatInd([3,4],[3,4,5,6]); % L=D CA*-1B
% LHS Matind Shr(i,:,:)=-temp2(:,[1,2])\temp2(:,[3,4]);
%-R S
% RHS C Shr{i}=temp2(:,[1,2])\[eye(2),-tenmpl];
%RI[I,-CAN-1]
%
% LHS MatInd_Shr _sqz(i,:)=reshape(LHS Matlnd_Shr(i,:,:),
[1,4]);
% RHS C Shr_sqz(i,:)=reshape(RHS C Shr{i},[1,8]);
% LHS MatInd_Shr2 sqz(i,:)=reshape(LHS Matlnd_Shr2{i},
[1,8]);




% end
% LHS Mat | nd_Bus=zeros(nbus, 2, 2);
% \sun{-R\'S} by buses
%
LHS Matlnd Bus(:,1,1)=accurmarray(indldx, LHS Matlnd_Shr(:,1,1),
[ nbus, 1]);
%
LHS Matlnd Bus(:, 1, 2)=accumarray(indldx, LHS Matlnd_Shr(:,1,2),
[ nbus, 1]);
%
LHS Matlnd Bus(:, 2,1)=accurmarray(indldx, LHS Matlnd_Shr(:,2,1),
[ nbus, 1]);
%
LHS Matlnd_Bus(:, 2,2)=accurmarray(indldx, LHS Matlnd_Shr(:, 2, 2),
[ nbus, 1]);

M ndO=zer os(nl nd, 1);
M ndl=ones(nlnd, 1);
LHS Mat I nd_sqz=[ R2, X2. *s0, - M nd1, M ndoO, ..
-X2.*s0, R2, M ndO, - M nd1, ..
R1. *s0, X1. *s0, M nd1+kgle, kb1le, ..
-X1. *s0, RlL. *s0O, - kble, M nd1+kgle, ..
-s0, M ndO, - Ge, - Be, ..
M ndO, - sO, Be, - Ge] ; % 4*6 matrix [C D; A B]
LHS Mat I nd_i dx=reshape((1:24)',[4,6]);
t empOi nv_sqgz=LHS Mat | nd_sqz(:,reshape(LHS MatlInd_idx([3, 4],
[1.2]),1.01));
t empOi nv_sqgz_det =t enpOi nv_sqz(:,1).*tenpOi nv_sqz(:, 4)-
tempOi nv_sqgz(:, 2).*tenmpOi nv_sqz(:, 3);
temp0_sqgz=[tenmpOi nv_sqz(:, 4),-tenpOinv_sqz(:, 2), -
tempOi nv_sqgz(:,3),temp0i nv_sqz(:,1)]./repmat (tenp0i nv_sqz_det,[1,4]); %
Ar-1
i ndB_sqz=LHS _Mat | nd_sqz(:,reshape(LHS MatlInd_idx([3, 4],
[3,4,5,6]),1,[]));

LHS MatInd_Shr2_sqz=[tenpO0_sqz(:,1).*indB_sqz(:,1)+tenmp0_sqgz(:,3).*indB_sqz(:,2),
tempO0_sqgz(:,1).*indB _sqz(:, 3)+tenp0_sqz(:, 3).*indB_sqz(:,4),tenmp0_sqz(:,2).*indB_
tempO0_sqgz(:,1).*indB_sqz(:,5)+tenp0_sqz(:,3).*indB sqz(:,6),temp0_sqz(:,2).*indB_
tempO0_sqgz(:,1).*indB sqz(:,7)+tenp0_sqz(:,3).*indB sqz(:,8),temp0_sqz(:,2).*indB_
AM-1B

i ndC_sqgz=LHS Mat | nd_sqz(:,reshape(LHS MatInd_idx([1,2],[1,2]),1,
[1)):
templ_sqgz=[indC sqz(:,1).*tenmp0_sqgz(:,1)+i ndC sqz(:,3).*tenp0_sqz(:, 2),indC sqz(
i ndC_sqgz(:,1).*tenmp0_sqz(:,3)+i ndC sqz(:,3).*tenp0_sqz(:,4),indC sqgz(:,2).*tenmp0_
CAN-1
tenmp2_sqz=LHS Matlnd_sqz(:,reshape(LHS MatlInd_idx([1,2],
[3,4,5,6]),1,[]1))-...

[templ_sqz(:,1).*indB sqz(:,1)+tenpl_sqz(:,3).*indB sqz(:,2),tenmpl_sqz(:,2).*indB




templ_sqz(:,1).*indB _sqz(:, 3)+tenpl_sqz(:,3).*indB sqz(:,4),templ_sqz(:,2).*indB_
templ_sqz(:,1).*indB _sqz(:,5)+tenpl_sqz(:,3).*indB sqz(:,6),templ_sqz(:,2).*indB_

templ_sqz(:,1).*indB sqz(:,7)+tenpl_sqz(:,3).*indB sqz(:,8),templ_sqz(:,2).*indB_
L=D- CAM- 1B=[ R 9]
temp2_cl2_sqz=tenp2_sqz(:,1:4);
tenmp2_c34_sqz=tenp2_sqz(:,5:8);
temp2_cl2_sqz_det=tenmp2_cl1l2_sqz(:,1).*tenp2_cl2_sqz(:,4)-
temp2_cl2_sqz(:,2).*tenp2_cl2_sqz(:, 3);
temp2_cl2_inv_sqz=[tenp2_cl2_sqz(:,4),-temp2_cl2_sqz(:, 2), -
temp2_cl12_sqz(:,3),tenmp2_cl2_sqz(:,1)]./repmat(tenmp2_cl2_sqz_det,
[1,4]);
LHS_Mat | nd_Shr _sqz=-
[tenp2_cl2_inv_sqgz(:,1).*tenp2_c34_sqz(:,1)+tenp2_cl2_inv_sqz(:,3).*tenp2_c34_sqz(

temp2_cl2_inv_sqgz(:,1).*tenp2_c34_sqz(:,3)+tenp2_cl2 inv_sqz(:,3).*tenp2_c34_sqgz(
-R'S
RHS C Shr_sqgz=[tenmp2_c12_inv_sqz, ..

[temp2_c12_inv_sqgz(:,1).*tenpl_sqgz(:,1)+tenmp2_cl2_inv_sqz(:,3).*templ_sqz(:,2),ten

temp2_cl2_inv_sqz(:,1).*tenpl_sqz(:,3)+temp2_cl2_ inv_sqz(:,3).*tenmpl_sqz(:,4),ten
RI[I,-CAM1]
% w Il be used to calculate algebric variabls for notors
LHS Mat I nd_Bus_sqgz=zer os( nbus, 4);
% \sun{-R\'S} by buses
LHS Mat I nd_Bus_sqz(:,1)=accunmarray(indl dx, LHS Matlnd_Shr_sqz(:,1),
[ nbus, 1]);
LHS Mat I nd_Bus_sqz(:,2)=accunarray(indl dx, LHS Matlnd_Shr_sqz(:, 2),
[ nbus, 1]);
LHS Mat | nd_Bus_sqz(:, 3)=accunmarray(indl dx, LHS Matlnd_Shr_sqz(:, 3),
[ nbus, 1]);
LHS Mat I nd_Bus_sqz(:,4)=accunarray(indldx, LHS Matlnd_Shr_sqz(:, 4),

[ nbus, 1]);
el se
s=zeros(0, nl vl +1);
end
% Initialization of inductors is finished
R R R R
R Initialization of ZIP load---------

if ~isenmpty(zip)
nZi p=si ze(zip, 1);
zi pldx=zip(:,1);
i L=zeros(nZip, nl vl +1);
Bi L=zer os(nZi p, nl vl +1);

% prepare the necessary nmatrix by bl ocks
Bi O=abs(VO(zi pl dx));

Jl=zip(:,6);

Kl=-zip(:,9);




% current

i OL=Rzi p0. *(JI +1j *Kl ). *VO( zi pl dx) ./ Bi 0;
Ji OL=real (1iO0L);

Ki OL=i mag(li OL);

liL(:,1)=lio0L;
BiL(:,1)=BiO0;

% vol t age

Ci O=real (VO(zipldx));
Di 0=i mag( VO( zi pl dx));

LHS_Mat Zi p=[ Rzi p0. *JI ./ Bi 0-Gi 0. *Ji OL./ Bi 0./Bi 0, - Rzi p0. *KI . / Bi O-
Di0.*JiOL./Bi0./BiO,...
Rzi p0. *KI ./ Bi 0-Gi 0. *Ki OL. / Bi 0./ Bi 0, Rzi p0. *JI ./ Bi 0- Di 0. *Ki OL. /
Bi 0./Bi 0] ;
Mat _BZi p=[ Gi 0./Bi 0, Di 0./ Bi 0] ;

el se
l'i L=zeros(0, nl vl +1);
end
R Initialization of ZIP
load------------------
R Initialization of ZIP load is
finished----------------
R Initialization of GEN------------------
R LR Start------c-mmcccemnnaee

nSyn=si ze(syn, 1) ;
if ~isenpty(syn)
synldx =syn(:,1);%index nunber of Generators

wghb =syn(:,4); % maybe the base val ue

nmodSyn =syn(:,5); % the order of generator nodels
Xgl =syn(:, 6);

Rga =syn(:,7);

Xgd =syn(:, 8);

Xgd1l =syn(:,9);
Xgd2 =syn(:, 10);
Tgdl =syn(:, 11);
Tgd2 =syn(:, 12);
Xgq =syn(:, 13);
Xgqgl =syn(:, 14);
Xgg2 =syn(:, 15);
Tgql =syn(:, 16);
Tgg2 =syn(:, 17);
My =syn(:, 18);
Dg =syn(:, 19);
TgAA  =syn(:, 24);
ganmmad =Tgd2./ Tgdl. *Xgd2. / Xgd1. * ( Xgd- Xgd1) ;
ganmaqg =Tgq2./ Tgql. *Xgq2./ Xgql. *( Xgq- Xgql) ;

d=zeros(nSyn,nlvl +1); %delta
w=zer os(nSyn, nl vl +1); % onega
eql=zeros(nSyn, nlvl +1); %q’
eq2=zeros(nSyn, nl vl +1); %q’
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edl=zeros(nSyn, nlvl +1); %d’

ed2=zeros(nSyn, nl vl +1); %sd""’

psi g=zeros(nSyn, nl vl +1); %not sure, only in 8th order node
psi d=zeros(nSyn, nl vl +1); %not sure, only in 8th order node
JG=zeros(nSyn, nl vl +1);

KG=zer os(nSyn, nl vl +1);

| Gg=zer os(nSyn, nl vl +1);

| Gd=zer os(nSyn, nl vl +1);

VGg=zer os(nSyn, nl vl +1);

VGd=zer os(nSyn, nl vl +1);

Cd=zer os(nSyn, nl vl +1);

Sd=zer os(nSyn, nl vl +1) ;

Ef =zer os(nSyn, nl vl +1);

Pmezer os(nSyn, nl vl +1) ;

cosd=cos(dO0);

si nd=si n(d0);
CA=C0( synl dx) ;
D=D0( synl dx) ;
%the first value is given here, notice all are 8th order node
d(:, 1) =do;
w(:, 1) =wo;
eql(:, 1) =eqlO;
eq2(:, 1) =eq20;
edl1(:, 1) =edl10;
ed2(:, 1) =ed20;
psiqg(:, 1) =psiqo;
psid(:, 1) =psido;

% transform between grid side and dq side

V&(:, 1) =si nd. * CA0- cosd. * DQV;
V& (:, 1) =cosd. * CA0+si nd. * DQV;
% now t hey are under dq side

Cd(:,1)=cosd; % first order of cos(delta)
Sd(:,1)=sind; % first order of sin(delta)
Ef (:,1)=Ef0;
Pr(:, 1) =Pn0;

%heck if controller exists
if ~isenmpty(Ef1)
Ef (:,2)=Ef1,
end
if ~isenpty(Eqll)
eql(:, 2)=Eq1l1,;

end

if ~isenpty(Pnil)
Pr(:, 2) =Pm;

end

% notice that here truncated taylor is applied
% and this is the key differnet fromDt rule
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% Here only at nost 5 th order taylor series are considered for
sin

% and cos function

[ cosp, sinp, tayl or N =get Tayl or Pol ynomi al s(dO, tayl orN); % tayl orN
may be truncated

Mat s=zer os(nSyn, 4) ;
Mat sR=zer os(nSyn, 4) ;
Mat sRs=zer os(nSyn, 4) ;

% count the nunber for different kinds nodels
% ex: modelTag = [ 00 0 0 O 10 0 0] ."'

% ex: there are 10 gens using 6th order nodel
nodel Tag=accumar r ay( nodSyn, ones(nSyn, 1),[8,1]);

% determ ne the order of the nodel
% Do we really need for |oop?
% the answer is yes since different gen may use different
% or der nodel
for i=1:nSyn
% 8th order, no need to change
i f nmodSyn(i)==
| Gd(i,1)=(eq20(i)-psidOo(i))/ Xgd2(i);
I G(i, 1) =(-ed20(i)-psiq0(i))/Xgq2(i);
Mats(i,:)=[sind(i),cosd(i),-cosd(i),sind(i)];
% 6t h order
el sei f nodSyn(i)==6
% al gebric equation to solve Id, Iq
I Gd(i,1)=((ed20(i)-V&(i,1l))*Rga(i)+(eq20(i)-
V&(i, 1)) *Xgq2(i) )/ (Rga(i)*Rga(i) +Xgd2(i)*Xgq2(i));
I Gg(i,1)=(-(ed20(i)-VG&d(i,1))*Xgd2(i)+(eq20(i)-
V&(i, 1)) *Rga(i))/ (Rga(i)*Rga(i)+Xgd2(i)*Xgq2(i));
%transformmtrix (inverse version)
Mats(i,:)=[sind(i),cosd(i),-cosd(i),sind(i)];
% Here matrix is the inverse matrix, to understand this
% W have A*lIxy+B*Vxy = f => MatsR = A*-1, MatsRs = A*-1*B
= Mat sRs*B
% so Ixy = MatsR¥f-Mat sRs*Vxy, which is used later to
% elimnate | xy when disturbance happens
Mat sR(i,:)=[sind(i)*Rga(i) -
cosd(i)*Xgd2(i),sind(i)*Xgg2(i)+cosd(i)*Rga(i),-cosd(i)*Rga(i)-
sind(i)*Xgd2(i),-cosd(i)*Xgq2(i)+sind(i)*Rga(i)]/...
(Roa(i)*Rga(i)+Xgd2(i)*Xgq2(i));
Mat sRs(i,:)=[MatsR(i, 1)*sind(i)+MatsR(i, 2)*cosd(i), -
Mat sR(i, 1) *cosd(i)+MatsR(i, 2)*sind(i), ...
Mat sR(i, 3) *sind(i)+MatsR(i, 4)*cosd(i), -
Mat sR(i, 3)*cosd(i)+MatsR(i,4)*sind(i)];
% 5t h order
el sei f nodSyn(i) ==
I Gd(i,1)=((ed20(i)-V&(i,1))*Rga(i)+(eq20(i)-
V&(i, 1)) *Xgq2(i) )/ (Rga(i)*Rga(i) +Xgd2(i)*Xgq2(i));
I Gg(i,1)=(-(ed20(i)-V&d(i,1))*Xgd2(i)+(eq20(i)-
V&(i, 1)) *Rga(i))/ (Rga(i)*Rga(i)+Xgd2(i)*Xgq2(i));
Mats(i,:)=[sind(i),cosd(i),-cosd(i),sind(i)];
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Mat sR(i, :)=[sind(i)*Rga(i) -
cosd(i)*Xgd2(i),sind(i)*Xgg2(i)+cosd(i)*Rga(i),-cosd(i)*Rga(i)-
sind(i)*Xgd2(i),-cosd(i)*Xgq2(i)+sind(i)*Rga(i)]/...

(Rga(i)*Rga(i)+Xgd2(i)*Xgq2(i));

Mat sRs(i,:)=[MatsR(i, 1)*sind(i)+MatsR(i, 2)*cosd(i), -

Mat sR(i, 1) *cosd(i)+MatsR(i, 2)*sind(i),...
Mat sR(i, 3) *sind(i)+Mat sR(i, 4)*cosd(i), -
Mat sR(i, 3) *cosd(i)+MatsR(i,4)*sind(i)];
% 4t h or der
el sei f nodSyn(i)==4

| &d(i,1)=((ed10(i)-V&d(i,1))*Rga(i)+(eqlO(i)-
VG&(i, 1)) *Xgql(i))/ (Rga(i)*Rga(i)+Xgd1(i)*Xgql(i));

I (i, 1)=(-(ed10(i)-VGad(i,1))*Xgdl(i)+(eqlO(i)-
VG&(i, 1)) *Rga(i))/ (Rga(i)*Rga(i)+Xgd1(i)*Xgql(i));

Mats(i,:)=[sind(i),cosd(i),-cosd(i),sind(i)];

Mat sR(i, :)=[sind(i)*Rga(i) -
cosd(i)*Xgdl(i),sind(i)*Xgqgl(i)+cosd(i)*Rga(i),-cosd(i)*Rga(i)-
sind(i)*Xgdl(i),-cosd(i)*Xgql(i)+sind(i)*Rga(i)]/...

(Rga(i)*Rga(i)+Xgd1(i)*Xgql(i));

Mat sRs(i,:)=[MatsR(i, 1)*sind(i)+MatsR(i, 2)*cosd(i), -

Mat sR(i, 1) *cosd(i)+MatsR(i, 2)*sind(i), ...
Mat sR(i, 3) *si nd(i)+MatsR(i, 4)*cosd(i), -
Mat sR(i, 3) *cosd(i)+MatsR(i, 4)*sind(i)];
% 3rd order
el sei f nodSyn(i)==3

I'Gd(i, 1) =((-VG&d(i, 1)) *Rga(i) +(eql0(i)-V&(i, 1)) *Xgq(i))/
(Roa(i)*Rga(i)+Xgd1(i)*Xgq(i));

I G(i, 1) =(- (- V&(i, 1)) *Xgd1(i)+(eql0(i)-VGa(i,1))*Raa(i))/
(Roa(i)*Rga(i)+Xgd1(i)*Xgq(i));

Mats(i,:)=[sind(i),cosd(i),-cosd(i),sind(i)];

Mat sR(i, :)=[sind(i)*Rga(i) -
cosd(i)*Xgd1(i),sind(i)*Xgqg(i)+cosd(i)*Rga(i),-cosd(i)*Rga(i)-
sind(i)*Xgdl(i),-cosd(i)*Xgq(i)+sind(i)*Rga(i)]/...

(Rga(i)*Rga(i)+Xgd1(i)*Xgq(i));

Mat sRs(i,:)=[MatsR(i, 1)*sind(i)+MatsR(i, 2)*cosd(i), -

Mat sR(i, 1) *cosd(i)+MatsR(i, 2)*sind(i), ...
Mat sR(i, 3) *sind(i)+MatsR(i, 4)*cosd(i), -
Mat sR(i, 3) *cosd(i)+MatsR(i, 4)*sind(i)];
% cl assi cal nodel
el sei f nodSyn(i)==2

I'Gd(i, 1) =((-VG&d(i, 1)) *Rga(i)+(Ef0(i)-V&(i, 1))*Xgq(i))/
(Roa(i)*Rga(i)+Xgd(i)*Xgq(i));

G, 1) =(- (- V&(i, 1)) *Xgd(i)+(Ef0(i)-V&(i,1))*Rga(i))/
(Roa(i)*Rga(i)+Xgd(i)*Xgq(i));

Mats(i,:)=[sind(i),cosd(i),-cosd(i),sind(i)];

Mat sR(i, :)=[sind(i)*Rga(i) -
cosd(i)*Xgd(i),sind(i)*Xgq(i)+cosd(i)*Rga(i),-cosd(i)*Rga(i)-
sind(i)*Xgd(i),-cosd(i)*Xgq(i)+sind(i)*Rga(i)]/...

(Rga(i)*Rga(i)+Xgd(i)*Xgq(i));

Mat sRs(i,:)=[MatsR(i, 1)*sind(i)+MatsR(i, 2)*cosd(i), -
Mat sR(i, 1) *cosd(i)+MatsR(i, 2)*sind(i), ...

Mat sR(i, 3) *sind(i)+MatsR(i, 4)*cosd(i), -
Mat sR(i, 3) *cosd(i)+MatsR(i,4)*sind(i)];
end
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end

% not sure how to use themnow, but they are zeroth order of Ix
and ly

JE:,1)= sind. *I1 &d(:,1)+cosd. *1 q(:,1);

K :,1)=-cosd. *IGd(:,1)+sind.*1CGy(:,1);

% put previous matrix in a right place in all buses instead of
only
% gener at or buses
Mat GCD=-
[ sparse(synl dx, synl dx, Mat sRs(:, 1), nbus, nbus), sparse(synl dx, synl dx, Mat sRs(:, 2), nbus

spar se(synl dx, synl dx, Mat sRs(:, 3), nbus, nbus), sparse(synl dx, synl dx, Mat sRs(:, 4), nbus
el se

d=zeros(0, nl vl +1);
w=zer os(0, nl vl +1);
eql=zeros(0, nl vl +1);
eq2=zeros(0, nl vl +1);
edl=zeros(0, nl vl +1);
ed2=zeros(0, nl vl +1);
psi g=zeros(0, nl vl +1);
psi d=zeros(0, nl vl +1);
JG=zeros(0, nl vl +1);
KG=zeros(0, nl vl +1);

| Gg=zeros(0, nl vl +1);
| Gd=zer os(0, nl vl +1);
VGg=zer os(0, nl vl +1);
VGd=zer os(0, nl vl +1);
Cd=zer os(0, nl vl +1);
Sd=zer os(0, nl vl +1);
Ef =zeros(0, nl vl +1);
Prmezer os(0, nl vl +1);

end
R Initialization of GEN------------------
R ] e
R Initialization of
Exciter------------------
I
START- - - - s m e e
if ~isenpty(exc)
nExc =si ze(exc, 1);
% Al Type 3 AVR, a 3rd order controller
% for Type 3 AVR, avrO(:,1:3) are Vavrm Vavrr, Vavrf,
% and avrO(:,4) is reference Vref (input for secondary voltage
control).
excldx = exc(:,1);
Vavr Max = exc(:, 3);
VavrM n = exc(:,4);
muavr0 = exc(:,5);
Tavr1l = exc(:,7);
Tavr 2 = exc(:,6);

14



vavrf0 = exc(:,8);
Vavr 0 = exc(:,9);
Tavre = exc(:,10);
Tavrr = exc(:,11);

%ere | need to check why Vavrref is tinme varing instead of
const ant
% menory is given to state variables of EXC

Vavrm = zeros(nExc, nlvl +1);
Vavrr = zeros(nExc, nlvl +1);
Vavrf = zeros(nExc, nlvl +1);

Vavrref = zeros(nExc, nl vl +1);

% zeroth order value is given
Vavrm(:, 1) =real (VavrnD);
Vavrr(:,1)=real (Vavrr0);
Vavrf(:,1)=real (Vavrf0);
Vavrref(:,1)=real (VavrrefO0);

% here Varrefl is given with syspara
if ~isenpty(Varrefl)

Vavrref (:,2)=Varref 1,
end

% non-windup limter, check the limt
tavr MaxDi ff=Vavrf (:, 1)-Vavr Max;
tavrM nDi ff=Vavrf(:,1)-VavrM n;

% | abel values in different interval
avr St =zer os( nExc, 1) ;

avr St (tavr MaxDi f f >0) =1;

avr St (tavrM nDi ff <0) =-1;

% output after the limter

Ef (excl dx(avr St ==-1), 1) =Vavr M n(avr St ==-1) ;
Ef (excldx(avrSt== 1), 1) =Vavr Max(avr St== 1);
Ef (excl dx(avrSt== 0), 1) =Vavrf (avrSt==0, 1);

el se
Vavr mrzer os( 0, nl vl +1);
Vavrr=zeros(0, nl vl +1);
Vavr f =zeros(0, nl vl +1);
Vavrref =zeros(0, nl vl +1);

end

R Initialization of
Exciter-----cccnaoccnann-

R END-----c-memmmmeemc e me e mee e e
R Initialization of Turbing
Governor------------------

15



if ~isenpty(tg)
nTg = size(tg,1);
% Type 2 Turbi ng governor.
% one DE, one AE and one limter
tgldx =tg(:,1);

wtgref =tg(:,3);

Rtg =tg(:,4);

Ttgmax = tg(:,5);

Ttgmn =tg(:,6);

Tt g2 =tg(:,7);

Ttgl =tg(:,8);

tgovg = zeros(nTg,nlvl+1l); %tg
tgovm = zeros(nTg, nlvl+1); % Tm *
Tnmech = zeros(nTg,nlvl+1); % Tm O

% zeroth value is given
tgovg(:, 1) =real (tgovgO);
tgovn(:, 1) =real (tgovnD);
Tmech(:, 1) =real (t govnechO0);

if ~isenpty(Tnechl)
Tmech(:, 2) =Tmechi,;
end

% check if limt is approached
t govMaxDi f f =t govn(:, 1) - Tt grmax;
tgovM nDi ff =t govn(:, 1)-Ttgm n;

govSt =zeros(nTg, 1);

govSt (tgovMaxDi f f >0) =1;

govSt (tgovM nDi ff <0) =-1;

%if Iimt is approached, set Pmto constant val ue

Pm(t gl dx(govSt ==0), 1) =t govn( govSt ==0, 1) ;

Pm(t gl dx(govSt ==1), 1) =Tt gmax(govSt ==1, 1) ;

Pm(t gl dx(govSt ==-1), 1) =Ttgm n(govSt==-1,1);
el se

t govg=zeros(0, nl vl +1);

t govmezer os( 0, nl vl +1);

Tmech=zeros(0, nl vl +1);

end

R Initialization of Turbing
Governor------------------

R R R END-----c-memmmmeemc e me e mee e e

%this part i don't quite understand. It |ooks |ike f denotes
frequency

% on every bus, is it relevant with frequency dependant | oad?
%nowi find that this is for dynam cs of agc

f =zer os(nbus, nl vl +1);

f(:,1)=f0;
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synTag=zer os(nbus, 1);
synTag(syn(:, 1)) =1: nSyn;
nunSynOnBus=accumarray(syn(:, 1), 1, [ nbus, 1]);
dpgTag=ones( nbus, 1);
for islldx=1:nlslands
busl sl and=fi nd(i sl ands==i sl | dx) ;
synTagl sl and=synTag( busl sl and) ;
w sl and=w( synTagl sl and(synTagl sl and~=0), 1) ;
if ~isenpty(w sl and)
f (busl sl and, 1) =mean(w sl and); % note that here the freq can be
di fferent
dpgTag( busl sl and) =0;
end
end

%ACC part
if ~isenpty(agc)
agcExt =zer os( nbus, si ze(agc, 2));
agcExt (agc(:, 1), :)=agc;
dpg=zer os(nbus, nl vl +1);
dpg(:, 1) =dpg0;
f dk=agcExt (:, 2) +agcExt (:,3); %/ R+D
el se
dpg=zer os(nbus, nl vl +1);
f dk=zer os(nbus, 1);
end

%this is long termdynanmic, it seens that not considered here
if ~isenpty(cac)&&~i senpty(cluster)

el se
gpl t=zeros(0, nl vl +1);
vg=zeros(0, nl vl +1);
end

% freq relevant part induced by AGC

Fr egReal =spar se( 1: nbus, 1: nbus, - f reqgKept Tag. *f dk. * EO, nbus, nbus) ;
Fregl mag=spar se( 1: nbus, 1: nbus, - f reqgKept Tag. *f dk. * FO, nbus, nbus) ;
Freq2f req=sparse([ 1: nbus, 1: nbus], [ 1: nbus, frefs(islands)'],

[ ones(1, nbus), -ones(1, nbus)], nbus, nbus);

Y11=-G Y12=B; Y21=- B; Y22=-G

% I nfluence to Oigianl Power flow
YEF11=POMtspar se( 1: nbus, 1: nbus, fregKept Tag. * (-

f dk. *f 0+dpg0) , nbus, nbus) ; YEF12=- QOM YEF21=- QOM YEF22=- POM
spar se( 1: nbus, 1: nbus, freqKept Tag. *(-f dk. *f 0+dpg0) , nbus, nbus) ;

% Counting influence of ZIP load into Y matrix
if ~isenmpty(zip)

Y11=Y11l- spar se(1l: nbus, 1: nbus, accumarray(zi pl dx, LHS Mat Zi p(:, 1),
[ nbus, 1]), nbus, nbus);

Y12=Y12- spar se( 1: nbus, 1: nbus, accumarray(zi pl dx, LHS _Mat Zi p(:, 2),
[ nbus, 1]), nbus, nbus);
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Y21=Y21- spar se(1: nbus, 1: nbus, accumarray(zi pl dx, LHS_Mat Zi p(:, 3),
[ nbus, 1]), nbus, nbus);

Y22=Y22- spar se( 1: nbus, 1: nbus, accumarray(zi pl dx, LHS _Mat Zi p(:, 4),
[ nbus, 1]), nbus, nbus);
end
YLHS=[ Y11, Y12; Y21, Y22] ;

% Counting influence of Motors into small Y matrix

if ~isenpty(ind)
YLHS=YLHS- . ..

[ sparse(1l: nbus, 1: nbus, LHS Mat |l nd_Bus_sqz(:, 1), nbus, nbus), sparse(1: nbus, 1: nbus, LHS

spar se( 1l: nbus, 1: nbus, LHS Mat | nd_Bus_sqz(:, 2), nbus, nbus), sparse(1: nbus, 1: nbus, LHS_
end

% Counting influence of generators into small Y matrix
if ~isenpty(syn)

YLHS=YLHS+Mat GCD;
end

i dxNonSw=f i nd( busType~=2);
i dxNonSwxD=f i nd( f swTagxD==0) ;
i dxNonSwD=f i nd( busType~=2&f swlTagxD==1) ;

% This is the left hand side matrix totally
LHS mat =[ YLHS([i dxNonSw; i dxNonSw+nbus], [ i dxNonSw; i dxNonSw+nbus]), . ..
[ YEF11(i dxNonSw, i dxNonSw) , YEF12(i dxNonSw, i dxNonSw) , -
FOM i dxNonSw, i pv), FregReal (i dxNonSw, f r eqKept Tag==1); ...
YEF21(i dxNonSw, i dxNonSw) , YEF22( i dxNonSw, i dxNonSw) , -
EOM i dxNonSw, i pv), - Freql mag(i dxNonSw, f r egKept Tag==1)1]; . ..
COM i pv, i dxNonSw) , DOM i pv, i dxNonSw) , spar se( npv, 2* npq+3* npv
+nFregKept); ...
EOM i dxNonSw, i dxNonSw) , -
FOM i dxNonSw, i dxNonSw) , COM i dxNonSw, i dxNonSw) , -
DOM i dxNonSw, i dxNonSw) , spar se( npg+npv, npv+nFr eqKept) ;. ..

FOM i dxNonSw, i dxNonSw) , EOM i dxNonSw, i dxNonSw) , DOM i dxNonSw, i dxNonSw) , COM i dxNonSw
+npv, npv+nFregKept); ...

spar se(sun(freqgKept TagxRef), si ze(i dxNonSw, 1) +si ze(i dxNonSw, 1) +2* npq
+3*npv), Freqg2freq(fregKept TagxRef ==1, fr eqKept Tag==1) ; . ..

sparse(si ze(i dxNonSwD, 1), si ze(i dxNonSw, 1)), sparse(1:si ze(i dxNonSwD, 1), i dxNonSwD, o
+3*npv+nFregKept)];

% if nbus<=500
% [L_LHS mat, U LHS nmat, p LHS mat] =l u(LHS mat, ' vector');
% end

% deterine if we use LU factoration
% for this part, i assume the system al gebrac equation is under a good
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% dcondi ti on nunber and the dinension is not very high, otherw se LU
will

% be tinme consum ng

useLU=i sfiel d(SysPara,'iden')&& sfield(SysPara,' p_and');

if useLU
if isenpty(SysPara.p_and)
p_and = coland (LHS mat) ;
save([ SysPara.iden,' .mat']," ' p_and');
el se
p_and=SysPar a. p_and;
end
%q speye (size(LHS mat)) ;
MQ = Ml (:, p_anmd)
if I'S_OCTAVE
[ ML, MU, MkP, MkQx] = lu (LHS_mat*MQ
el se
[ MkL, MkU, MkP] = [ u (LHS_nat*MQ

end
end

Not enough i nput argunments.

Error in Copy_of hemVachi nePFSal i ent conti nueDyn (Iine 48)
[ bus, sw, pv, pq, shunt, i ne, i nd, zi p, syn, exc, t g, agc, cac, cl ust er] =unf ol dSysDat a( SysDat a

%/ his is the recursive part for computing high order of tine series%

% strat interations nlvl: order of Taylor series
for i=1:nlvl
% seq2 provides two colums fromO toi, and i to O
% seq2p provides two colums fromO to i+1, and i+1 to O
% seq3 provides 3 colums, the summary of each rowis equal to
i (bi nom nal coefficients)
seq2=get seq(i, 2);
seqg2p=get seq(i +1, 2);
seq3=get seq(i, 3);
i dxSeq2=sun(seq2==i, 2);
i dxSeg2x=sun{seq2(:, 2)==i, 2);
i dxSeqg2p=sun{seq2p>=i, 2);
i dxSeq3=sun(seq3==i, 2);
i dxSeq3x=sun(seq3(:,[2,3])==i, 2);

% seq2R is usually used in constructing al gebric equations
% seq2R provides two colums froml toi-1, and i-1to 1
% seqg2x provides two colums froml1l toi, and i-1to O

% seqg2m provides two colums fromO to i-1, and i-1to O
% seqg2mm provi des two columms fromO to i-2, and i-2 to O
seq2R=seq2(i dxSeq2==0, :);
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seqg2x=seq2(i dxSeq2x==0, :);
seq2neget seq(i-1, 2);
seq2mreget seq(i -2, 2);

RHSI Lr =zer os( nbus, 1) ;
RHSI Li =zer os( nbus, 1) ;

% This part is for induction notor
if ~isenpty(ind)
% package right hand side vector at every iteration

rhsMesum(V(:, seq2R(:, 1) +1). *s(:,seq2R(:,2)+1),2)-1j *X2. *sun(I R(:, seq2R(:, 1) +1).*

% rhsil =-
real (sum(I R(:,seq2R(:,1)+1).*conj (I R(:,seq2R(:,2)+1)),2))+...
%

(T1. *sum(s(:,seq2R(:,1)+1).*s(:,seq2R(:,2)+1),2)+T2. *sun(s(:,seq3R(:,1)+1).*s(:,s
R2+. ..

%
(TO.*s(:,i)+TLl. *sum(s(:,seq2nm(:,1)+1).*s(:,seq2nm(:,2)+1),2)+T2. *sun(s(:,seq3n(:, 1
R2;

% s(:, i

+1)=(Ri nd0. *(TO. *s(:,i)+T1. *sun(s(:,seqg2m(:,1)+1).*s(:,seq2m:, 2)+1),2)+T2. *sun( s(
% -

real (sum(I R(:,seqg2m(:,1)+1).*conj (I R(:,seq2m(:,2)+1)),2)).*R2-2*Hm *sun(repnat ( seq
% A(2*HM *s(:, 1) *i);
% if i>=2
% s(:,i+1)=s(:,i+1)+. ..
%

Rindl. *(TO.*s(:,i-1)+T1. *sun(s(:,seqg2m{:, 1) +1).*s(:,seq2mm:, 2)+1),2)+T2. *sun( s(
% A(2*HM *s(:, 1) *i);
% end

% update the high order of slip, a special setting is required
for

% | ow order when i<2

s(:,i
+1)=(Ri ndO. *(T1. *s(:,i)+T2. *sun(s(:,seq2m(:, 1) +1).*s(:,seq2n(:,2)+1),2))-
real (sum(Vm(:, seqg2m(:, 1) +1).*conj (I R(:,seq2m(:,2)+1)),2)))./(2*Hnti);

if i>=2

s(:,i+1)=s(:,i+1)+. ..

Rindl. *(T1.*s(:,i-1)+T2. *sun(s(:,seq2mm(:, 1) +1).*s(:,seq2mm(:,2)+1),2))...

A (2¥Hri ) ;

end
if i==1

s(:,i+1)=s(:,i+1)+Rind0.*TO./(2*Hnri);
end
if i==2

s(:,i+1)=s(:,i+1)+Rindl. *TO./(2*Hnri);
end

% for dynam c nodel, Ri ght hand side vector is required a
updat e
addenRhs=Vn(:,1).*s(:,i+1)-1j*X2. *IR(:,1).*s(:,i+1);
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% rhsBus=zeros(2, nl nd);

% for j=1:nlnd
%

rhsBus(:,j)=RHS C Shr{j}*[real (rhsMj)+addenRhs(j));inmag(rhsMj) +addenRhs(j));0;0
% end

% count the influence of dynamic of slip into rigt hand side
vect or
t empRhs| nd=r hsM+taddenRhs;

rhsBus=[ RHS_C Shr_sqgz(:,1).*real (tenpRhsl nd) +RHS C Shr_sqz(:, 3). *i mag(t empRhsl nd)
%accunul ate currents IL

RHSI Lr =accumar ray(i ndl dx, rhsBus(1,:)"',[nbus, 1]);
RHSI Li =accumar ray(i ndl dx, rhsBus(2,:)"',[nbus, 1]);

% rhsBus=zer os(5, nl nd);
%
rhsMesum(Vn(:, seq2R(:, 1) +1).*s(:,seq2R(:,2)+1),2)-1]*X2. *sun(I R(:, seq2R(:, 1) +1).*
%
rhslmod=Ri nd1. *(T1. *s(:,i)+T2. *sunm(s(:,seq2m:,1)+1).*s(:,seq2m:,2)+1), 2))+Ri ndO
%
real (sum( V(i ndl dx, seq2R(:,1)+1).*conj (I R(:,seq2R(:,2)+1)),2))+...
%
real (sunm(IL(:,seq2R(:,1)+1).*conj (I R(:,seq2R(:,2)+1)),2).*Z1);
% if i==
% r hsl mod=r hsl nod+Ri nd1. *TO;
% end
% rhsl L=V(indldx,i).*Yeindl-1L(:,i).*Yelindl;
% for j=1:.nlnd
%
rhsBus(:,])=squeeze(RHS C Shr(j,:,:))*[real (rhsMj));imag(rhsMj));rhslnmod(j);rea
% end
% RHSI Lr =accumarray(i ndl dx, rhsBus(3,:)"',[nbus, 1]);
% RHSI Li =accumarray(i ndl dx, rhsBus(4,:)"',[nbus, 1]);

end

% strat update ZIP load into currents
RHSI i Lr =zer os( nbus, 1) ;

RHSI i Li =zer os( nbus, 1) ;

if ~isenmpty(zip)

RHS BzZi p=(real (sum(V(zi pl dx, seq2R(:, 1) +1). *conj (V(zi pl dx, seq2R(:,2)+1)),2))-
sumBi L(:,seq2R(:,1)+1).*Bi L(:,seq2R(:,2)+1),2))./Bi0/2;
RHZ_BI Conv=sun(liL(:,seq2R(:,1)+1).*BiL(:,seq2R(:, 2)+1), 2);
RHSI Lr _ful | =Rzi pl. *(Jl.*real (V(zipldx,i))-
Kl . *imag(V(zipldx,i)))./Bi0-real (RHZ_BI Conv)./Bi 0-Ji OL. *RHS_BZi p. / Bi 0;

RHSI Li _ful | =Rzi pl.*(KlI.*real (V(zipldx,i))+Jl.*imag(V(zipldx,i)))./
Bi 0-i mag( RHZ_BI Conv) ./ Bi 0- Ki OL. * RHS_BZi p. / Bi 0;
RHSI i Lr =accumarray(zi pl dx, RHSI Lr _ful |, [ nbus, 1]);
RHSI i Li =accumarray(zi pl dx, RHSI Li _ful |, [nbus, 1]);
end
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% Start uodate generators
RHSI Gr =zer os( nbus, 1) ;
RHSI G =zer os(nbus, 1);
if ~isenpty(syn)
RhsEd=zer os(nSyn, 1) ;
RhsEq=zer os(nSyn, 1) ;
| GdAdd=zer os(nSyn, 1) ;
| GgAdd=zer os(nSyn, 1) ;
% sel ect different nodels for generators
i f nmodel Tag(8) >0
d( modSyn==8, i +1) =(wgb( nodSyn==8) . *wW( nodSyn==8,1i))/1i;
w( modSyn==8, i +1) =( Pm( nbdSyn==8,i)-...

(sum(psi d( npbdSyn==8, seq2m(:, 1) +1). *1 Gg( nodSyn==8, seq2n(:, 2) +1), 2) -
sum psi g( modSyn==8, seq2n(:, 1) +1).*1 Gd( modSyn==8, seq2m(:,2) +1),2))-...
Dg(modSyn==8) . *w( nodSyn==8,1i) )./ My(nodSyn==8)/1i ;

psi d( nrbdSyn==8,
+1) =wgb( nodSyn==8) . * ( Rga( nodSyn==8) . *| Gd( nodSyn==8, i ) +psi q( nrbodSyn==8, i ) +VCGd( nodSyn
I

psi g( nbdSyn==8,
+1) =wgb( modSyn==8) . * ( Rga( nodSyn==8) . *|1 Gg( nodSyn==8, i ) -
psi d( nbdSyn==8, i ) +VCGq( nmodSyn==8,i))/i;

eql(nodSyn==8, i +1) =(-eql( npdSyn==8, i) - ( Xgd( nodSyn==8) -
Xgd1( nmodSyn==8) - gammad( nodSyn==8)) . *|1 Gd( nodSyn==8, i ) +( 1-
TgAA(modSyn==8) ./ Tgd1l( nodSyn==8)) . *Ef (nodSyn==8,i)) ./ Tgd1l( nodSyn==8)/
I

ed1l(nodSyn==8, i +1) =(- ed1( nbdSyn==8, i ) +( Xgq( nodSyn==8) -
Xggl(nmodSyn==8) - gammaq( nodSyn==8)) . *1 Gg( nodSyn==8,i)) ./
Tggl(nmodSyn==8)/1i;

eq2( nodSyn==8, i +1) =(- eq2( nbdSyn==8, i ) +eq1l(nodSyn==8, i) -
(Xgd1( modSyn==8) -
Xgd2( modSyn==8) +gamuad( nodSyn==8)) . *| Gd( nodSyn==8, i ) +TgAA( nndSyn==8) . /
Tgd1l(nmodSyn==8). *Ef (modSyn==8,i)) ./ Tgd2( nodSyn==8) /i ;

ed2(nodSyn==8, i +1) =( -
ed2(nodSyn==8, i ) +ed1( nodSyn==8, i ) +( Xggql( modSyn==8) -
Xgg2( modSyn==8) +gammuaq( nodSyn==8)) . *1 Gg( nodSyn==8,i)) ./
Tgg2(modSyn==8)/1i ;

| GdAdd( modSyn==8) =( eq2( modSyn==8, i +1) - psi d( nrodSyn==8,
+1)) ./ Xgd2( modSyn==8) ;

| GgAdd( modSyn==8) =( - ed2( nbdSyn==8, i +1) - psi q( modSyn==8,
+1)) ./ Xgg2( modSyn==8) ;

end
i f nmodel Tag(6) >0
d( modSyn==6, i +1) =(wgb( nodSyn==6) . *W nodSyn==6,1i))/1i;
wW( modSyn==6, i +1) =( Pm( nbdSyn==6,1i)-...

(sum V&( modSyn==6, seg2n{:, 1) +1). *1 &q( modSyn==6, seqg2n(:, 2) +1), 2) +sum V& ( nodSyn==

Rga(modSyn==6) . * (sum( | &q( modSyn==6, seg2n(:, 1) +1). *1 &Q( nodSyn==6, seqg2m(:, 2) +1), 2) +
Dg(modSyn==6) . *w( modSyn==6,1i) )./ My(nodSyn==6)/1i ;
eql(nodSyn==6, i +1) =(- eql( nodSyn==6, i) - ( Xgd( nodSyn==6) -
Xgd1l(modSyn==6) - gammad( nodSyn==6)) . *|1 Gd( nrodSyn==6, i ) +( 1-
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TgAA(modSyn==6) ./ Tgd1l( nrodSyn==6)) . *Ef (nmodSyn==6,i)) ./ Tgd1l( nodSyn==6) /
I
ed1l(nodSyn==6, i +1) =( - ed1( nbdSyn==6, i ) +( Xgq( nodSyn==6) -
Xggl(modSyn==6) - gammaq( nodSyn==6)) . *1 Gg( nodSyn==6,1i)) ./
Tggl(nmodSyn==6)/1i;
eq2( nodSyn==6, i +1) =( - eq2( npdSyn==6, i ) +eq1l( nodSyn==6, i) -
(Xgd1( modSyn==6) -
Xgd2( modSyn==6) +gamuad( nodSyn==6) ) . *|1 Gd( nodSyn==6, i ) +TgAA( nDdSyn==6) . /
Tgd1l( nmodSyn==6) . *Ef (modSyn==6,i)) ./ Tgd2( nodSyn==6)/1i ;
ed2( nodSyn==6, i +1) =( -
ed2( nodSyn==6, i ) +ed1( nodSyn==6, i ) +( Xggql( modSyn==6) -
Xgg2( modSyn==6) +gammuaq( nodSyn==6)) . *1 Gg( nodSyn==6,1i)) ./
Tgg2(modSyn==6)/1i ;
RhsEd( modSyn==6) =ed2( nodSyn==6, i +1) ;
RhsEq( modSyn==6) =eq2( nodSyn==6, i +1) ;
end
i f nmodel Tag(5) >0
d( mdSyn==5, i +1) =(wgb( nodSyn==5) . *w( nodSyn==5,i))/1i;
w( modSyn==5, i +1) =( Pm( nodSyn==5,i)-...

(sum V&( modSyn==5, seg2n{(:, 1) +1). *1 &q( modSyn==5, seqg2n{:, 2) +1), 2) +sum V& ( nodSyn==

Rga(mdSyn==5). * (sum( | &q( modSyn==5, seg2n(:, 1) +1). *1 &( nodSyn==5, seq2m(:, 2) +1), 2) +
Dg(modSyn==5) . *w( modSyn==5,i))./ My(nodSyn==5)/1i;
eql(nodSyn==5,i +1) =(-eql( nodSyn==5, i) - ( Xgd( nodSyn==5) -
Xgd1( modSyn==5) - gammad( nodSyn==5)). *|1 Gd( nodSyn==5, i ) +( 1-
TgAA(modSyn==5) ./ Tgd1l( nodSyn==5)) . *Ef (modSyn==5,i)) ./ Tgd1l( nodSyn==5)/
I
eq2( nodSyn==5,i +1) =(- eq2( nbdSyn==5, i ) +eql(nodSyn==5, i) -
( Xgd1( modSyn==5) -
Xgd2( modSyn==5) +gamuad( nodSyn==5) ). *| Gd( nodSyn==5, i ) +TgAA( nodSyn==5) . /
Tgd1l(nmodSyn==5). *Ef (modSyn==5,i)) ./ Tgd2( nodSyn==5)/1i ;
ed2( nodSyn==5, i +1) =( - ed2( nbdSyn==5, i ) +( Xgq( nodSyn==5) -
Xgg2(modSyn==5)).*1 Gg( nmodSyn==5,1i)) ./ Tgq2( nodSyn==5) /i ;
RhsEd( modSyn==5) =ed2( nodSyn==5, i +1) ;
RhsEq( modSyn==5) =eq2( nodSyn==5, i +1) ;
end
i f nmodel Tag(4) >0
d( modSyn==4, i +1) =(wgb( nodSyn==4) . *wW( nodSyn==4,1i))/1i;
w(modSyn==4, i +1) =( Pm( nodSyn==4,i)-. ..

(sum V&q( modSyn==4, seqg2n(:, 1) +1). *1 &q( modSyn==4, seqg2n( :, 2) +1), 2) +sum V& ( nodSyn==

Rga(mdSyn==4). *(sum(| &q( modSyn==4, seg2n(:, 1) +1) . *1 &Q( nodSyn==4, seq2m(:, 2) +1), 2) +
Dg(modSyn==4) . *w( modSyn==4,1i) )./ My(nodSyn==4)/1i ;
eql(nodSyn==4,i +1) =(-eql(nodSyn==4,i) - ( Xgd( nodSyn==4) -
Xgd1l(nmodSyn==4)).*1 Gd( nodSyn==4, i ) +Ef (nmodSyn==4,1i)) ./ Tgd1l( nodSyn==4)/
I
ed1l(nodSyn==4,i +1) =(- ed1( nodSyn==4, i) +( Xgq( nodSyn==4) -
Xggl(rmodSyn==4)).*1 G(nmodSyn==4,1i)) ./ Tgql(nodSyn==4)/i;
RhsEd( modSyn==4) =ed1( nodSyn==4, i +1) ;
RhsEq( modSyn==4) =eql( nodSyn==4, i +1) ;
end
i f nmodel Tag(3)>0
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d( mdSyn==3, i +1) =(wgb( nodSyn==3) . *wW nodSyn==3,i))/1i;
w(modSyn==3, i +1) =( Pm( nbdSyn==3,i)-...

(sum V&(modSyn==3, seg2n{:, 1) +1). *1 &q( modSyn==3, seqg2n{ :, 2) +1), 2) +sunm V& ( nodSyn==

Rga(mdSyn==3). *(sum( | &q( modSyn==3, seg2n(:, 1) +1). *1 &Q( nodSyn==3, seqg2m(:, 2) +1), 2) +
Dg(modSyn==3) . *w( modSyn==3,i) )./ My(nodSyn==3)/1i ;
eql(nodSyn==3,i +1) =(-eql( npdSyn==3, i) - ( Xgd( nodSyn==3) -
Xgd1l(rmodSyn==3)).*1 Gd( nodSyn==3, i ) +Ef (mbdSyn==3,i)) ./ Tgd1l( nodSyn==3)/
i
RhsEd( nodSyn==3) =0;
RhsEq( modSyn==3) =eql( nodSyn==3, i +1) ;
end
i f nmodel Tag(2) >0
d( modSyn==2, i +1) =(wgb( nodSyn==2) . *w( nodSyn==2,1i))/1i;
w( modSyn==2, i +1) =( Pm( nodSyn==2,i)-. ..

(sum V&(modSyn==2, seg2n{(:, 1) +1). *1 &q( modSyn==2, seqg2n{ :, 2) +1), 2) +sum V& ( nodSyn==

Rga(mdSyn==2). *(sum(| &q( modSyn==2, seg2n(:, 1) +1) . *1 &( nodSyn==2, seq2m(:, 2) +1), 2) +
Dg(modSyn==2) . *w( modSyn==2,1i) )./ My(nodSyn==2)/1i ;

RhsEd( nodSyn==2) =0;
RhsEq( modSyn==2) =eql( nodSyn==2, i +1) ;

end

%this part may be different from DT

ARD=cosp(:,2).*d(:,i+1);

B&=si np(:,2).*d(:,i+1);

% here nulti-convolution is utilized as sine function is

% approxi anmted as a taylor series of delta

if tayl orN>=2

AD=A+cosp(:, 3).*sum(d(:,seq2(:,1)+1).*d(:,seq2(:,2)+1),2);

B&=B&0+si np(:, 3).*sum(d(:,seq2(:,1)+1).*d(:,seq2(:,2)+1),2);
end
if tayl orN>=3

A=A +cosp(:,4).*sum(d(:,seq3(:,1)+1).*d(:,seq3(:,2)+1).*d(:,seq3(:,3)+1),2);

B&=BQ0+si np(:, 4).*sum(d(:,seq3(:,1)+1).*d(:,seq3(:,2)+1).*d(:,seq3(:,3)+1),2);
end
if tayl orN>=4
seg4=get seq(i, 4);

A=A +cosp(:,5). *sum(d(:,seqd(:,1)+1).*d(:,seqd(:,2)+1).*d(:,seqd(:,3)+1).*d(:

B&=B&0+si np(:,5). *sum(d(:,seqd(:,1)+1).*d(:,seqd(:,2)+1).*d(:,seqd(:,3)+1).*d(:
end

% hi gh order coefficients of cos(delta) and sin(delta)
Cd(:,i+1)=AQ0;
Sd(:, i +1) =BQ0;
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VGCr =sun{ Cd(:, seg2x(:,1)+1).*V&(:, seqg2x(:,2)+1),2); %
Vd* cosdt a

V&Cr=sun{ Cd(:, seg2x(:,1)+1).*VQ&(:, seqg2x(:,2)+1),2); %
Vg* cosdt a

VG&Sr =sun( Sd(:, seg2x(:,1)+1).*V&(:, seqg2x(:,2)+1),2); %
Vd*si ndt a

V& Sr =sun( Sd(:, seg2x(:,1)+1).*VQ&(:, seqg2x(:,2)+1),2); %
Vg* si ndt a

JCr=sunm( Cd(:,seqg2x(:,1)+1).*JQ:,seq2x(:,2)+1),2); % simlar,
for currents

KCr =sum( Cd(:, seq2x(:,1)+1).*KE :, seqg2x(:, 2)+1), 2);

JSr=sum(Sd(:,seg2x(:,1)+1).*JQ:, seq2x(:, 2)+1), 2);

KSr=sum( Sd(:, seq2x(:, 1) +1).*KJ :, seqg2x(:, 2)+1), 2);

RHSI Gxr =- (Mat sRs(:, 1) . *( - VGASr - VGgCr ) +Mat sRs(: , 2) . * (VGdCr -

V&Sr)) +. ..
(MatsR(:,1). *RhsEd+Mat sR(:, 2) . *RhsEq) - (Mats(:,1).*(JSr-
KCr)+Mats(:,2).*(JCr+KSr))+(Mats(:,1).*I GdAdd+Mat s(:, 2).*1 GgAdd) ;
RHSI &xi =- (Mat sRs(:, 3).*(- V&Sr-VXCr) +Mat sRs(:, 4) . *(V&Cr -

V&Sr)) +. ..
(MatsR(:, 3). *RhsEd+Mat sR(:, 4) . *RhsEq) - (Mats(:,3).*(JSr-
KCr)+Mats(:,4).*(JCr+KSr)) +(Mats(:,3).*I GdAdd+Mat s(:, 4).*1 GgAdd) ;
% current injections fromgenerators |G
RHSI Gr =accumar r ay( synl dx, RHSI Gxr, [ nbus, 1]);
RHSI G =accumar ray(synl dx, RHSI &Gxi , [ nbus, 1]);
end
% update exciter, 3 state variables
if ~isenpty(exc)
Vavrm(:,i+1) =(Vmag(synl dx(excldx),i)-Vavrm(:,i))./Tavrr/i;
Vavrr(:,i+1)=(muavr0. *(1-Tavrl./Tavr2).*(Vavrref(:,i)-
Vavrm(:,i))-Vavrr(:,i))./Tavr2/i;
Vavrf(:,i+1)=((vavrfO.*Vmag(synldx(excldx),i)+...

sum(Vavrr(:,seq2m(:, 1) +1). *Vmag(synl dx(excl dx), seg2n(:, 2)+1),2) +. ..
muavr 0. *Tavr 1./ Tavr 2. *sum( (Vavrref (:,seq2m(:, 1) +1)-

Vavrm(:, seq2m(:, 1) +1)). *Vmag(synl dx(excl dx), seg2m(:, 2)+1), 2)) ./ VavrO-
Vavrf(:,i))./ Tavreli;

Ef (excl dx(avr St ==-1),i +1) =0;

Ef (excldx(avrSt== 1),i +1) =0;

Ef (excldx(avrSt== 0),i +1)=Vavrf (avr St==0, i +1);

end

% updat e agc, one state variabl es
if ~isenpty(agc)
dpg(:,i+1)=-f(:,1).*agcExt(:,4)/i;
for islldx=1:nlslands
busl sl and=fi nd(i sl ands==i sl | dx) ;
synTagl sl and=synTag( busl sl and) ;
w sl and=w( synTagl sl and(synTagl sl and~=0),i +1);
if ~isenpty(w sl and)
f (busl sl and, i +1) =nean(w sl and); % note that here the
freqg can be different
end
end % TODO st eady-state node
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% updat e generator participation part from agc
if ~isenpty(syn) %lynam c nodel (synchronous generators)
if ~isenpty(tg)
Trmech(:,i+1)=Tnech(:,i+1)+dpg(syn(tg(:,1),1),i+1)./
nunBSynOnBus(syn(tg(:,1),1));
end
Pr(:,i+1)=Pm(:,i+1)+dpg(syn(:,1),i+1)./
nunBSynOnBus(syn(:, 1));
end
end
% update Turbine, 2 state variables
if ~isenpty(tg)
tgovg(:,i+1)=(-(1-Ttgl./Ttg2).*wWtgldx,i)./Rg-tgovg(:,i))./
Ttg2/1i;
tgovnm(:,i+1)=tgovg(:,i+1)-Ttgl./Ttg2.*w(tgldx,i+1l)./Rg
+Tmech(:,i+1);

Pm(t gl dx(govSt ==0), i +1) =t govm( govSt ==0, i +1) ;
Pm(t gl dx(govSt ==1),i +1) =0;
Pm(t gl dx(govSt ==-1),i +1) =0;

end

% HEM Body
RHS1=sun{ ( -
P(:,seq2(:,1)+1)+1j*(Q:,seq2(:,1)+1)+Xxtra(:,seq2(:,1)+1))).*conj (W:,seq2(:,2)+1
freqKept Tag. *sum -
dpg(:,seq2(:,1)+1).*conj (W:,seq2(:,2)+1)),2)+...

freqKept Tag. *fdk. *sum(f (:, seq2R(:,1)+1).*conj (W :, seq2R(:, 2)+1)),2)+Yshl. *V(:,i)+
RHS2=- 0. 5*real (sum(V(:, seq2R(:, 1) +1).*conj (V(:,seq2R(:,2)+1)),2));
RHS3=sum(-W:, seq2R(:,1)+1).*V(:,seq2R(:, 2)+1), 2);

if i==1
RHS2=RHS2+0. 5* VspSq2(: , 2);
end

conpact RHS1=RHS1( busType~=2);
conpact RHS1=conpact RHS1+Y( busType~=2,isw) *real (V(isw, i+1));
% conmbine all current injection involing Mdtor, zip |oad, and
Cenerators
RHS=[ r eal (conpact RHS1) +RHSI Lr (busType~=2) +RHSI i Lr (busType~=2) -
RHSI G (busType~=2) ;...
i mag( conpact RHS1) +RHSI Li (busType~=2) +RHSI i Li (busType~=2) -
RHSI G (busType~=2) ;...
RHS2(i pv); ...
real (RHS3( busType~=2)); ...
i mag( RHS3( busType~=2)); ...
zeros(sum fregKept TagxRef), 1); ...
zeros(size(idxNonSwD, 1),1)];
% sol ve AE, notice that every tinme we need to solve Ax(k) =b(k),
whi ch
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% means that A in invariant for every order. so we only need to
rebulid
%b every iteration

i f uselLU
if IS OCTAVE
x = real (MkQ * MkQx* (MKU\ (ML \ (MKP * RHS))))
el se
x =real ( MkQ* (MkU\ (MKL \ (MkP * RHS))))
end
el se
x=r eal (LHS_mat\ RHS) ;

end

% x= [V; WQ_pv; f]

xC=real (V(:,i+1));

xD=i mag(V(:,i+1));

xC(i dxNonSw) =x(1: (npg+npv));

xD(i dxNonSw) =x(((npg+npv) +1): (2*(npg+npv)));

V(:,i+1)=xC+1j *xD,

W busType~=2,i +1) =x( (2* (npg+npv) +1) : (3*(npg+npv))) +. ..
1j *x((3*(npg+npv) +1) : (4*(npg+npv)));

Qi pv, i +1) =x((4*(npg+npv) +1) : (4*(npg+npv) +npv));

f(fregKept Tag==1, i +1) =x( (4* (npg+npv) +npv+1) : end) ;

Vmag(:,i+1)=(sum(V(:,seq2(:,1)+1).*conj (V(:,seq2(:,2)+1)),2)-
sum(Vmag(:, seq2R(:, 1) +1). *Vmag(:, seq2R(:,2)+1),2))./Vmag(:,1)/2; %
Cal cul at e vol tage nagnitude

% now update the Al gebric variables for nmotors:IL, IR VM
if ~isenpty(ind)
% for j=1:.nlnd
%
tenpl L=squeeze(LHS MatInd_Shr(j,:,:))*[real (V(indldx(j),i
+1));imag(V(indldx(j),i+1))]+rhsBus(:,j);
% tenpl Rs=-
LHS Matlnd_Shr2{j}*[templL;real (V(indldx(j),i+1));img(V(indldx(j),i
+1))1;

% IL(j,i+1)=tenpl L(1)+1] *tenpl L(2);

% IR(j,i+1)=tenpl Rs(1)+1j *tenpl Rs(2);

% Vi(j, i +1)=V(indldx(j),i+1)-1L(j,i+1)*Z1(j);
% end

tenmpl Lvr=LHS Mat I nd_Shr _sqz(:,1).*real (V(indldx,i
+1) ) +LHS Mat I nd_Shr_sqgz(:,3).*i mag( V(i ndl dx, i +1))+rhsBus(1,:)";
tenmpl Lvi =LHS_Mat I nd_Shr _sqz(:, 2).*real (V(i ndl dx, i
+1) ) +LHS Mat I nd_Shr_sqz(:,4).*i mag( V(i ndl dx, i +1))+rhsBus(2,:)";
t empl Rsvr =- sum( LHS_Mat I nd_Shr2_sqz(:,
[1,3,5,7]).*[tenpl Lvr, tenmpl Lvi, real (V(indldx,i+1)),img(V(indldx,i
+1))1.2);
templ Rsvi =- sum( LHS_Mat | nd_Shr2_sqz(:,
[2,4,6,8]).*[tenpl Lvr, tenmpl Lvi, real (V(indldx,i+1)),img(V(indldx,i
+1))1.2);
IL(:,i+1)=tenplLvr+1j*tenpl Lvi;
IR(:,i+1)=tenpl Rsvr+1j *tenpl Rsvi ;
v, i +1) =V(indldx, i +1) -1 L(:,i+1).*Z1;
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end

% now update the Al gebric variables for ZI P |oads
if ~isenmpty(zip)
liL(:,i
+1) =(LHS_Mat Zi p(:, 1) +1j *LHS Mat Zi p(:, 3)). *real (V(zipldx,i
+1))+(LHS _Mat Zi p(:, 2) +1j *LHS _Mat Zi p(:,4)).*i mag(V(zi pldx, i
+1))+(RHSILr _ful |l +1j *RHSI Li _ful I');
Bi L(:,i+1)=Mat_BzZip(:,1).*real (V(zipldx,i
+1)) +Mat _BZip(:, 2).*i mag(V(zipldx,i+1))+RHS BZi p;
end

% now update the Al gebric variables for Generators: Vd, Vg, 1d,

if ~isenpty(syn)
JGE:,i+1l)=-MatsRs(:,1).*real (V(synldx,i+1))-
Mat sRs(:, 2). *i mag( V(synl dx, i +1)) +RHSI Gxr;
KE:,i+1)=-MatsRs(:,3).*real (V(synldx,i+1))-
Mat sRs(:, 4). *i mag(V(synl dx, i +1)) +RHSI &i ;
[ Gd(:,i+1)=JSr-KCr+sind. *JQ:,i+1)-cosd. *KE :,i+1);
I &g(:,i+1)=JCr +KSr +cosd. *JQ:, i +1) +sind. *KG :, i +1);
t empVCGC=r eal (V(synldx, i +1))-V&Sr-VXCr;
t empVCED=i mag( V(synl dx, i +1)) +V&Cr - V& Sr ;
V&(:,i +1)=sind. *t enpVGC- cosd. *t enpVGD,
V&(:, i +1) =cosd. *t enpVGC+si nd. *t enpVGD,
end
end

% Qut put val ue: coefficients for every order.
Qreal (Q;

s=real (s);

d=real (d);

w=r eal (w);
eql=real (eql);
eq2=real (eq2);
edl=real (edl);
ed2=real (ed2);

psi d=real (psid);
psi g=real (psiq);
Prrer eal (Pm) ;

Ef =real (Ef);

Vavr mer eal (Vavrm ;
Vavrr=real (Vavrr);
Vavr f =real (Vavrf);
Vavrref =real (Vavrref);
t govg=real (tgovg);
t govmer eal (tgovm ;
Tmech=r eal ( Tmech) ;
f=real (f);

dpg=r eal (dpg) ;
gplt=real (gplt);
vg=real (vg);

if ~isenpty(exc)
avr={Vavrm Vavrr, Vavrf};
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end

if ~isenpty(tg)
gov={t govg, t govni;
end

end
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