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APPENDIX 1: C CODE FOR SECTION 3

boolean st_connected = FALSE;
edgenode *st_connection;
int countter = 1;
int Sinks = 0;

boolean Digraph( VertexList )
vertexnode **VertexList;

{
vertexnode *Source, *Sink, *V, *W, *D, *S2, *T2;
vertexnode **VxArray, **Dual;
edgenode *ne, *fe;
int *UnseenVs, i, n, m, k,

order = 1;
v_chainnode    *Downs, *Handled, *Handled2;
int *A,    /* two-dimensional array  */

*B, *S;    /* other helping arrays   */

/* Allocate arrays */
n = VertexCount;
m = (3 * n) - 6;
A = (int *) malloc( (n * (n - 1) / 2 + 1) * sizeof(int) );
B = (int *) malloc( (m + 1) * sizeof(int) );
S = (int *) malloc( (n+1) * sizeof(int) );
VxArray = (vertexnode **) malloc( (n+1) * 

  sizeof(vertexnode *));

/* FIRST PHASE: */

V  = *VertexList;
*UnseenVs = VertexCount;
do {

if (V->h > -1)
FindSource(V, UnseenVs);

V = V->Next;
} while (*UnseenVs > 0);

V = Source = V->Prev;  /* Let them point to the root */

if (Sinks > 1)  /* If there are more than one sink, */
return(FALSE); /* then we must quit */

Sink = FindSink(V);

Downs->Prev = Downs->Next = Downs = NewChain(Source);
Topological(Source, Downs, order);
SortVertices( VxArray, Source);

if (!(st_connected)) {
fe = Source->EdgeList->Prev;
st_connection = TempEdge(Source, Sink, fe);

}
Source->EdgeList = st_connection;
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MaximDigAlt(Source, A, B, S, &k);

for ( i = 1; i <= VertexCount; ++i) {
VxArray[i]->z = VxArray[i]->Dout;
VxArray[i]->a = VxArray[i]->Din;

}

Sink->h = 0; /* We do not handle the sink */
MaximDig(Source, &k);

/* SECOND PHASE: */

for ( i = 1; i <= VertexCount; ++i) {
VxArray[i]->Degree = VxArray[i]->Dout +

 VxArray[i]->Din;
VxArray[i]->LowPt1 = VxArray[i]->Din;
VxArray[i]->z = 0;

}

Dual = DualMaxDG( VxArray);
UpdateDirs( VxArray);

S2 = st_connection->Left;
T2 = st_connection->Right;

/* THIRD PHASE: */

for (i = 1; i < VertexCount; i++)
    VxArray[i]->EdgeList->Prev->Right->e += VxArray[i]->w;

Handled->Prev = Handled->Next = NewChain(Source);
CriticalPaths(Source, Handled, FALSE);

for ( i = 1; i <= VertexCount; ++i)
 VxArray[i]->a = MaxY - VxArray[i]->a;

Handled->Prev = Handled->Next = NewChain(S2);
CriticalPaths(S2, Handled, TRUE);

*VertexList = Source;
return( TRUE);

}

static void HandleDigVertices(VertexList)
vertexnode *VertexList;
{

vertexnode *v, *u, *up;
edgenode *e1, *e, *ep;
int counter = 0;

v = VertexList;

do {
if (v->EdgeList != (edgenode *)NULL) {

e = e1 = v->EdgeList;
do {

e->X = (counter > 0) ? e->Right->a : 1;
counter++;
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UpdateBorders(v, e);
e = e->Next;

} while (e != e1);

if ((v->Xr - v->Xl) < v->w)
v->Xl = v->Xr - v->w;

}
v->RelX = v->Xl;
v = v->Next;

} while (v != VertexList);

CentreUW(VertexList);
UpdateDownBorders(VertexList);

v = VertexList;
do {

if (v->EdgeList != (edgenode *)NULL) {
e1 = e = v->EdgeList;
do {

u = e->ToVertex;
if (!(e->Artificial)) {

MoveTo(e->X, v->a);
LineTo(e->X, (u->a + u->e));

}
e = e->Next;

} while (e != e1);
}
v = v->Next;

} while (v != VertexList);

v = VertexList;
do {

DrawBox( v->RelX, v->a, v->w, v->e );
if (v->Name)

DrawTrName( v->RelX, v->a, v->e, v->Name);
if (v->Din > 0) {

MoveTo(v->Vl, (v->a + v->e - 1));
LineTo(v->Vr, (v->a + v->e - 1));

}
v = v->Next;

} while (v != VertexList);
}

v_chainnode *NewChain( Vx )
vertexnode *Vx;
{

v_chainnode    *vc;
vc = (v_chainnode *) malloc( sizeof( v_chainnode ) );

if (vc != (v_chainnode *)NULL) {
vc->Next = vc->Prev = (vertexnode *)NULL;
vc->V = Vx;
Vx->EntryInL = vc;

}
return (vc);

}
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extern edgenode *TempEdge( From, To, After )
vertexnode *From,

*To;
edgenode *After;

{   edgenode *NE;     /* New Edge */

NE = NewEdge( );

if (NE != (edgenode *)NULL) {
NE->Next = After->Next;
NE->Prev = After;
NE->Next->Prev = NE;
After->Next = NE;
NE->ToVertex = To;
NE->Artificial = TRUE;

From->Dout++;
From->Degree++;
To->Din++;

}
return (NE);

}

APPENDIX 2: C CODE FOR SECTION 4

void FindSource( V, Unseen )
vertexnode *V;
int *Unseen;
{

edgenode *E, *E1;
vertexnode *u, *v;

V->Dout = V->Degree;
if (V->Degree > 0) {

E = E1 = V->EdgeList;
do {

u = E->ToVertex;
u->Din++;
u->zz++;
if (u->h > -1)

FindSource( u, Unseen);
E = E->Next;

} while (E != E1);
} else

Sinks++;

if (V->h == 0) {
(V->h)--;
(*Unseen)--;

}
}
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vertexnode *FindSink( Root)
vertexnode *Root;
{

vertexnode *W;

W = Root;
do {

if (W->Dout == 0)
return(W);

W = W->Next;
} while (W != Root);
return(W);

}

void Topological(lowest, frees, label)
vertexnode *lowest;
v_chainnode *frees;
int label;
{

v_chainnode *New, *Old;
edgenode *E, *E1;
vertexnode *u, *V;

lowest->g = label;
V = lowest;

if (lowest->Degree > 0) {
E = E1 = lowest->EdgeList;
do {

u = E->ToVertex;
if ((u->Dout == 0) && (lowest->Din == 0)) {

st_connected = TRUE;
st_connection = E;

}
u->zz--;
if (u->zz < 1) {

New = NewChain(u);
New->Prev = frees->Prev;
New->Next = frees;
frees->Prev->Next = New;
frees->Prev = New;

}
E = E->Next;

} while (E != E1);
}
Old = frees;
frees = frees->Next;
if (Old == frees) {

frees->V->EntryInL = (v_chainnode *)NULL;
free(frees);
frees = (v_chainnode *)NULL;

} else {
Old->Prev->Next = frees;
frees->Prev = Old->Prev;
Old->V->EntryInL = (v_chainnode *)NULL;
free( Old);

}
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if (frees != (v_chainnode *)NULL)
Topological( frees->V, frees, label+1);

}

void SortVertices(A, F)
vertexnode **A;
vertexnode *F;
{

vertexnode *V, *Prev, *Curr, *FirstVertex;
int k = 0, i = 3;

V = F;
do {

A[V->g] = V;
V->nr = V->g;
V = V->Next;
k++;

} while (F != V);

/* VertexList is reordered in increasing order 
 according to the canonical numbering of vertices */
FirstVertex = Prev = A[1];
Curr = A[2];

Prev->Next = Curr;
Curr->Prev = Prev;

do {
Prev = Curr;
Prev->Next = Curr = A[i];
Curr->Prev = Prev;
i++;

} while (i <= k);
/* Add last vertex */

Curr->Next = FirstVertex;
FirstVertex->Prev = Curr;

}

APPENDIX 3: C CODE FOR SECTION 5

void AddToList(N, L)
vertexnode *N, **L;
{

vertexnode *v;

if (*L == (vertexnode *)NULL) {  /* first item */
N->Next = N->Prev = *L = N;

} else {
N->Next = v = *L;
N->Prev = v->Prev;
v->Prev->Next = N;
v->Prev = N;
*L = v;

}
}
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vertexnode **DualMaxDG(Verts)
vertexnode **Verts;
{

vertexnode *LeftV, *RightV, *v;
vertexnode *NewV, *List;
edgenode *LE, *RE, *FE, *NE, *BE;
int i = 1, k = 1, count;

List = (vertexnode *) malloc( sizeof(vertexnode *));
List = (vertexnode *)NULL;
for (i = 1; i < VertexCount; i++) {

v = Verts[i];
count = (i == 1) ? v->Dout + 1 : v->Dout;
if (count > 1) {

FE = LE = v->EdgeList;
RE = LE->Next;

do {
NewV = NewVertex((char *) NULL, 0);
NewV->w = NewV->e = NewV->a = 0;
NewV->nr = NewV->g = k;
AddToList(NewV, &List);
LE->Right = RE->Left = NewV;
LeftV = LE->ToVertex;
RightV = RE->ToVertex;

if (LeftV->g > RightV->g) {
BE = RightV->EdgeList;
BE->Left = NewV;

} else {
BE = LeftV->EdgeList->Prev;
BE->Right = NewV;

}
k++;
LE = LE->Next;
RE = RE->Next;
count--;

} while (count > 1);
}

}

/* The direction of the edge from s* to t* must be changed: */
FE = Verts[1]->EdgeList;
LeftV = FE->Right;
RightV = FE->Left;
FE->Right = RightV;
FE->Left = LeftV;

return(&List);
}

void UpdateDirs(Verts)
vertexnode **Verts;
{

vertexnode *From, *To, *v;
edgenode *LE, *FRE, *FE, *NE;
int i = 1, count, k;
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for (i = 1; i < VertexCount; i++) {
v = Verts[i];
count = v->Dout;
if (count > 0) {

FE = LE = v->EdgeList;
do {

NE = NewEdge();
NE->nr = LE->nr;
NE->ContEdge = LE;
LE->ContEdge = NE;
LE->Visited = TRUE;
From = LE->Left;
NE->ToVertex = To = LE->Right;
From->Dout++;
To->Din++;
To->LowPt1++;
FRE = From->EdgeList;

if (FRE == (edgenode *)NULL)
FRE->Next = FRE->Prev = FRE = NE;

else {
NE->Prev = FRE->Prev;
NE->Next = FRE;
FRE->Prev->Next = NE;
FRE->Prev = NE;

}
From->EdgeList = FRE;
LE = LE->Next;

} while (LE != FE);
}

}
}

APPENDIX 4: C CODE FOR SECTION 6

void CriticalPaths(V, h, DUAL)
vertexnode *V;
v_chainnode     *h;
boolean DUAL;
{

v_chainnode *New, *Old, *LL;
edgenode *E, *E1;
vertexnode *u;
int old;

V->a += V->e;
V->z += V->w;
V->b += dx;
if (DUAL) {

if (V->e == 0)
V->a += dx;

else if (V->Din > 1) {
V->a = V->a - V->e + dx;
V->b += V->e;
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if (V->b > V->a)
V->a = V->b;

}
} else

V->a += dy;

if ((!(DUAL)) && (V->a > MaxY))
MaxY = V->a;

if ((DUAL) && (V->a > MaxX))
MaxX = V->a;

if (V->EdgeList != (edgenode *)NULL) {
E = E1 = V->EdgeList;
do {

u = E->ToVertex;

if (u->b == 0)
u->b = V->a;

else if (u->b > V->a)
u->b = V->a;

if (u->a < V->a)
u->a = V->a;

u->LowPt1--;
if (u->LowPt1 < 1) {

New = NewChain(u);
New->Prev = h->Prev;
New->Next = h;
h->Prev->Next = New;
h->Prev = New;

}
E = E->Next;

} while (E != E1);
}
Old = h; LL = h;
h = h->Next;

if (Old->V->nr == h->V->nr) {
h->V->EntryInL = (v_chainnode *)NULL;
free(h);
h = (v_chainnode *)NULL;

} else {
Old->Prev->Next = h;
h->Prev = Old->Prev;
Old->V->EntryInL = (v_chainnode *)NULL;
free( Old);
Old = (v_chainnode *)NULL;
CriticalPaths( h->V, h, DUAL);

}
}

static void CentreUW(VertexList)
vertexnode *VertexList;
{

vertexnode *v, *u, *up;
edgenode *e1, *e, *ep;
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v = VertexList;
do {

v->RelX = (v->Xr + v->Xl - v->w)/2;
v = v->Next;

} while (v != VertexList);

v = VertexList;
do {

if (v->EdgeList != (edgenode *)NULL) {
int a = v->RelX;
int z = v->RelX + v->w - 1;
e1 = v->EdgeList;
e = v->EdgeList->Prev;

while (e != e1) {
ep = e->Prev;
u = e->ToVertex;
if (ep->X + dx < e->X)

e->X = ep->X + dx;
if (e->X < u->Xl) {

e->X = u->Xl;
if ( ((e->Next->X - dx) < e->X) &&

(e->nr < e->Next->nr) )
e->X = e->Next->X - dx;

}
if ((e->X < u->RelX) && (e->X < v->RelX))

e->X = (u->RelX < v->RelX) ?
   u->RelX : v->RelX;

if (!(e->Artificial)) {
z = (e->X > z) ? e->X : z;
a = (e->X < a) ? e->X : a;

}
e = ep;

}

if (!(e->Artificial)) {
z = (e->X > z) ? e->X : z;
a = (e->X < a) ? e->X : a;

}
MoveTo(a, v->a);
LineTo(z, v->a);

}
v->Vl = v->RelX;
v->Vr = v->RelX + v->w - 1;
v = v->Next;

} while (v != VertexList);

}

static void UpdateBorders(v, e)
vertexnode *v;
edgenode *e;
{

int vertline;
vertexnode *u;
vertline = e->X;
u = e->ToVertex;
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if (v->h < 1) {
(v->h)++;
v->Xl = v->Xr = vertline;

}

if (u->h < 1) {
(u->h)++;
u->Xl = u->Xr = vertline;

}

v->Xl = (v->Xl > vertline) ? vertline : v->Xl;
v->Xr = (v->Xr < vertline) ? vertline : v->Xr;
u->Xl = (u->Xl > vertline) ? vertline : u->Xl;
u->Xr = (u->Xr < vertline) ? vertline : u->Xr;

}

static void UpdateDownBorders(L)
vertexnode *L;
{

int vertline;
vertexnode *u, *v;
edgenode *e, *e1;

v = L;
do {

if (v->EdgeList != (edgenode *)NULL) {
e = e1 = v->EdgeList;

do {
vertline = e->X;
u = e->ToVertex;

if (!(e->Artificial)) {
u->Vl = (u->Vl > vertline) ?

vertline : u->Vl;
u->Vr = (u->Vr < vertline) ?

vertline : u->Vr;
}
e = e->Next;

} while (e != e1);
}
v = v->Next;

} while (v != L);
}


