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ABSTRACT

This thesis presents a task-clustering algorithm named Adaptive Task Clustering and
Scheduling Algorithms (ATCS). This algorithm represents tasks of a parallel program as nodes
and scheduling them with Directed Acyclic Task Graph or DAG. The parallel program focused in
this thesis is that has a feature of distributed memory architecture. Adaptive Task Clustering and
Scheduling Algorithms implements the task-clustering method by partitioning nodes on a DAG.
Each group or cluster within a DAG is placed on only one processor. The algorithm partitions the
DAG as several clusters to reduce an overhead communication cost between processors. Because
the network has a lot of overhead communication cost that inereases total execution time or
makespan of the tasks, especially the parallel program that is a fine grain task on network. The
fine grain task has a high communication cost because of communication time between
processors. ATCS algorithm tries to reduce an overhead communication cost by transforming a
fine grain task to a coarse grain task. So it reduces the number of processors and the
communication cost consequently. ATCS uses a backtracking algorithm to transform a DAG to
‘an inverse pointer binary-tree graph or an In-tree, and then group the tasks into clusters. ATCS

has a time complexity of algorithm equals to 0(|V2|), where V is a number of nodes on a DAG.
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naauaealiiiudIfIves LUT2) 1A 5 uag LUTS) DL 2 vaiz@eaiu A(T2, TS) vy
10 @IUAINOY Makespan YDAV 1mnena 15 lumsyszaanaved DAG fed
voanasmizninInuanazdunis su s Inuaiifiafinnfigeuu DAG 1y A1ves
Makespan Yosddumsinudwmin DAG lugilii 2.7 fiswiriu 52

49U DAG ’lmasgnna’n'iwz?}é"nymwamfsﬂu‘fmmuuuamﬁUﬂ W3 DUULNYIY
(A Coarse Grain Task) 44 0t}ff1 190 4 Granularity Y94 DAG 114 §1A1403 Granalarity ¥03
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no1y Tunans ud 1 1A 1ve 3 Granularity Y94 DAG Hanloondr 1 (g(G) < 1) uaaan
DAG Hufidnyuzvoufiaiiomimuyaz@en A2MuLves Task Grainiiay Granularity 92
Samuiionn (2] Fundnlunsdredavesineriinusaiuil 101904 Grain Hus1ves
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Fork SetF, = {n,n,, ...,n_} 1@

=y egannyl

g(F,)= i_{riin m(#i )/ __ﬁnaxm(ﬁ.,-) (2.6)
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AaiunINauMI(2:6)1a(2.7) A0 Task Grain Y03 IMUAlA9 U DAG d2liA WA

g, =min{g(F,),g(/, )}

(2.8)
iiie n fio Tnualaquu DAG YR us 1904 Granularity ¥01 DAG Fawiiiy
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uaz n Ao Inualagquu DAG Tavh Vn € V uag m Aodium Inuatiu DAG

n, ny g n

e St O

(a) Fork Set

(b) Joint Set
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COMPUTE_E_VALUE $aneiiiu lav1¥ DAG G 3t 2.7 ihuTondveaileyn

Algorithm COMPUTE_E_VALUE( v, G)
Begin
If v is a source node then return (0);
C < {vl;
m<—0;
¢ $—MAX C VALUE(C);
ef—c;
whilem<c do
let (u,w) be an arc such that u & C, w €C, and c = ¢(u,w);
C— N
m 4— GREEDY_SCHEDULE( C - {v} );
¢ €=MAX_C VALUE(C);
¢ €—min{ e, max{myc} };
endwhile;
return(e);

End COMPUTE_E_VALUE
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mammnaisududmiy Tvua v 189, ev), zinaannniiraivves A1ldo
Tumsaasedoa1s(Au, v) mlddwlumsiszuanaci,) (A s uAU Yo BuTRIN-
wWidwaaesnng Tnuaiiduvealnua v (S, P) = Funarsuduiidiu 1y 1¥ve s Tnua
Suliun-winweawes u fidalszuiana P) niouanseglugdves X S, P)+ )+
Au, v) Taw 1< i < n idfe n Aodauvosduiiden-widmmwesdmiuTuuay Tumsmim
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ALGORITHM Create E Value(v,G)
BEGIN
If v is a source node return zero;
C={v}, m=0;
¢ = first arc(u,, v) incoming ;where arc(u;, v) €Y/
e(v)=¢;
while( m < c)do
C=ClJ{u};
m = GREEDY SCHEDULE(C = {v});
¢ = next arc(u,, v) incoming ; where u; €Y/
e(v) = min{e(v), max(m,c) };
endwhile
return e(v);

END

314 3.17 uansdutiRon-Aaeives Tnua v 1aq Taoii Tnua u, szveguudinlszuiana

P laq
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HiRen-WIAares, nio u, ﬁ’wuﬂﬁag_iuu c Taomsusdduvessiinniuves e(u,) 91N
31U 318 ugaliiudriinua wanuaidsingeglunsevszgansziilay

GREEDY SCHEDULE(C - {v}) fanfumsasnamumsmaniviy u Mmun

© = communication cost

51 3.18 uermansmnauTuAd e(v) dmiuinua v 1aa tagdaumsiivesTuua u,
1aq9zgninTae GREEDY SCHEDULE(C - {v})

. ¥
1717l 3.18 I ENITaUAAANNTS MIMAL e(v) TAdH

-1
ev) = T (elu) + ) < (elu)) + i) + Ay 38

e(v)= zk:(e(ui) + u(u,)); If m < the — least — c(u;,v) 3.9
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ALGORITHM Create_Cluster(v,G)
BEGIN
If v is a source node then return;
C={v} m=0;
¢ = FIBANACCI START_TIME(C); e(v) =c;
while( m < ¢) do
C=CU/u};
m = GREEDY SCHEDULE(C- {v});
/llet (u,w) be an arc whereu &C, wEC, and
[le=c(u,w)
¢ =FIBANACCI _START TIME(C);
e(v) = min{e(v), max(m,c)};
endwhile
GET _TASK_CROSS_CLUSTER();

return e(v);
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(e | e=e2
\JI_[d/ s=s1
f =2 + max{0, f1 - (s2 + d2)}
d =d1 + max{0, (s2 + d2) - f1}

(a) algorithms updating key value with two children

e=e3

s=s1

£ =2 + max{0, f1 - (s2 + d2)}
d'=d1 + max{0, (s2 + d2) - f1}
f=f3+max{0, f - (3 + d3
sty (ez]sdy - fEalsd) d=d'+max{{0.(s3(+d3)-3“}}
o/ elg el

(b) algorithms updating key value with three children
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MakeBinaryTree(v) // v istoot of tree or root of subtree
{ IF( node v is not leaf node)
{ for( each child of node v) // u,= each child of node v
CCu, = MakeBinaryTree(u,);
/ CCu, is a communication cost between node v to.u;
While( child of v > 2 ) //if v has exceed two childs
(1) to combine each pair of child of node v that has largest CCu, and
to make CCsp, = CCu+ CCu,_ ;
(2) to create space node and link each pair of child of node v
from (1) to space node then replace root subtree of each pair of
child node with space node;
(3) to remove connection between node v with child from (1);
(4) to link node v to space node from (2) with new connection whose
communication cost equals to CCsp, ;

}

Return A that is communication cost between node v and parent of node v
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UM 4.7 yavoanguamdi 1dendanosiin AdaptiveTaskCluster

L = left sub-tree, R = right sub-tree

L, = computation cost of left child node of node v

L, = computation cost of right child node of node v

L, = computation cost of node v

7LL = communication cost between left child node and node v
?\,R = communication cost between right child node and node v
Start, = Started time of node v

C, = Task clustering at node v

CR = Task clustering at right child sub-tree of node v

CL = Task clustering at left child sub-tree of node v

Compl = Completion time of node v



AdaptiveTaskCluster(v, l, start, compl, C)
{ IF(node v is not leaf node)

{ AdaptiveTaskCluster( v, , A, , Start, , Compl, , CL);
AdaptiveTaskCluster( v, , KR , Start, , Compl, , CR);
MAX , =max(compl,k + 7\1, compl ,);

MAX ; = max(compl , , compl , + A
MAX, = compl, cp Aoyt €OMPLe A ey,
MIN, , = min(MAX, ,MAX,);
IF( node v is space node) //**** case |
{ C,.=C,J(CRMCL)\J~(CRM CL),

Start, = max(compl, , compl, ) + H(M{V)) when v € (either L or R)
but v € (either L or R) that depends on max(compl, , compl )
such as v &L but vER;

} else IF( MIN, , < MAX ) #/ *** case 2
{ C,=C, \J {task clustering left or right child of node v that depends
on MIN,, }
Start, = MIN, ¢
D = DU f{task clustering that depends on condition of MIN  };
{ else IF(MIN, . >= MAX ) //*** case 3
{IF((CLYCR)= () // (O means emptyset *** case 3.1
C,=C, JCLAJCR;
Start, = compl, + compl, ;
}else IF (( VL, € CR).or VR, ECL)) /iwhen L, € CL and
R @i~ *case 3.2
{C,=C,\U {CR or CL that depends on condition};
Start, = compl., or compl,, ;// depends on condition
} else //*** case 3.3
{ C,=C,\U {task clustering left or right child of node v
that depends on MIN,, };

Start, = MIN, , ;
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D= P U {task clustering that depends on condition of MIN,  };
{ compl = Start, + LL;
t
telse { A= kv;

Start = Start ;

Compl = Start + LL ;

C=CUC,;}
} // End
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DaG) = PDAG) W,
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Task No. L Level
Ti 9 0
T2 11 0
T3 8 0
T4 9 1
TS 8 1
T6 10 1
T7 10 1
T8 10 2
™ 9 2

T10 10 2
Til 10 2
Ti2 9 3
TI3 12 3
Ti4 8 3
Tis 12 3

Source Node Destination A
Node
1 9 9
1 11 9
g 7 10
2 5 6
3 11 8
3 9 8
4 15 8
4 13 8
5 10 6
5 8 5
6 13 6
6 11 10
7 8 10
7 14 7
8 15 9
8 14 5
9 14 1
9 13 9
10 15 10
10 14 6
11 13 9
1 12 8
1 4 5
3 6 5
2 6 8
4 10 5
9 12 6
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Task No. K Level
TI 13 0
T2 16 0
e 13 0
T4 15 0
TS 15 1
T6 15 1
T7 16 1
T8 14 2
T9 14 2
TI0 12 2
T 16 3
TI2 16 3
TI3 14 3
Ti4 12 3

Source Node Destination A
Node

1 6 13
1 5 11
2 g 10
2 5 10
3 5 13
3 6 9
4 5 15
4 6 15
5 13 8
5 8 14
6 13 12
6 8 8
) | 11 16
7 10 10
8 14 10
8 12 13
9 12 13
9 11 10
10 13 8
iﬂ 14 12
4 7 8




<] |

Sowaah e onT Progessor | a0 | IATES Tme 6, fspeed Uo 000000 St of
31041 5.48(a) DAG YA "3 iiloA13znIn Luay A Tariviandraiulaing

v Cdor Mo Grogh_owach -

Chusters 0

@

- - p - — = = = :..I B 44 LD A - T AN Vi
31/ 5.48(b) wadwso1nms 14iefidioadanefiudau DAG yah3 Taviaives ATCS

UINAIIA1VOI Makespan

i ke 93 2SR o G 13

Time



135

i 5.7 uamam¥swlumsdszinana( ) seduvesnua uazaildiiulumsdedede

a13(A)szniaTnuaduma s Tnuaarwmeun DAG 317 5.48

Task No. 08 Level
Tl 12 0
T 10 0
T3 8 0
T4 10 0
TS 8 0
Té 11 1
T7 9 1
T8 12 1
™ 12 1
T10 10 2
Ti1 11 2
T12 11 2
T13 9 2
T4 8 3
T15 » 3
T16 9 3
T17 8 =
T18 10 3
T19 12 -
T20 10 4
T21 10 4
T22 12 4

Source Node Destination A
Node
1 10 8
1 12 i |
1 6 9
2 8 9
2 10 10
3 10 7
3 7 8
3 6 7
4 12 F
4 7 8
4 11 6
4 9 g
5 11 8
s 12 6
5 10 5
6 12 11
6 14 8
7 12 9
7 15 9
8 15 5
8 14 6
9 17 8
9 13 7
10 16 7
10 19 7
11 22 8
11 15 7
12 15 9
12 20 10
12 18 7
13 21 8
13 16 9
13 ‘% 8
14 20 7
14 22 6
15 2 9
15 21 5
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Task No. K Level
Ti 10 0
12 12 0
13 13 0
T4 8 0
g - 11 1
Té 10 1
T7 12 1
T8 8 1
T 11 2
T10 13 2
Ti1 12 2
Ti2 9 2
Ti3 8 3
Ti4 12 3
Ti5 11 3
Ti6 12 3
T17 10 4
Ti8 11 ; 4
T19 13 4
T20 10 4

Source Node Destination A
Node
1 6 10
1 10 8
2 6 9
2 12 8
2 10 9
3 7 9
3 12 o
3 5 6
4 6 8
4 8 6
5 13 7
5 11 12
5 9 8
6 15 6
6 1 8
p/ 13 %
7 11 12
LY 9 8
8 4 8
8 11 5
9 13 6
9 16 1
9 17 6
10 17 10
10 16 7
1 15 6
11 16 12
12 13 3
12 14 -
12 20 6
13 20 ¥
13 19 6
13 17 6
14 20 6
14 18 12
14 17 9
15 17 10
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i Constants.h File
R e e e

#define MAX_MATRIX 1024

L e o o L e T e e e e
I Graph.h File

Y e e e e e P e
#if !defined(Graph _h)

#define Graph_h

const UINT VERSION_NUMBER =1;

const COLORREF BLACK = RGB(0,0.0);

const COLORREF RED = RGB(255,0,0);

const COLORREF GREEN = RGB(0,255,0);

const COLORREF BLUE = RGB(0,0,255);

const COLORREF YELLOW = RGB(255,255,0);

const COLORREF WHITE = RGB(255, 255; 255);

const COLORREF SELECT_COLOR = RGB(255, 0, 180);

const SHOW_GRAPH =1;

const SHOW_TREE =2;

const SHOW_BITREE = 3;

const SHOW_CLUSTER = 4;

const SHOW_ATCS =35;

const SON = 100;

const NEXT = 101;
const TREE =200;

const Bl TREE =201;
const CLUSTER = 202;
const SET_CLUSTER = 203;



const SET_OF NODE_IN_CLUSTER = 1000;

const UNION = 300;
const INTERSECT =301;
const INVERSE_INTERSECT = 302;

#define PI 3.141592653589793
#define SPACE_NODE 999
ST T

Vi
class CLinkList
{
public:
int info,
CLinkList *pNextNode;
CLinkListQ
{info=0; }
~CLinkList() {}
|5
class CSingleNode
{
public:
int m_number;
intm_cost;
int m_level;
intm_started;
int m_finished;
BOOL m_Source Node;
HH

TR T

U

class CSingleArc

{

public:
int m_source_node:
int m_destination_node;
int m_commu_cost;

iH

TR R T T
1
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class CElement : public CObject

{
DECLARE SERIAL(CElement)

// attributes
public:
CRect m_EnclosingRect:
protected:
COLORREF m_Color:
int m_Pen;
// operation
public:
virtual ~CElement() {} {[Virtual destructor
virtual void Draw(CDC* pDC, CFont* pFont=0, CElement* pElement=0) {} //Virtual draw operation
virtual void Serialize(CArchive& ar);
CRect GetBoundRect(): //Get the bounding rectangle
protected:
CElement() {} /1 Defaul Constructor
¥

T T T L

// CNode is used as temporary veriex before
// fill it on the graph

class CNode : public CElement

{

DECLARE_SERIAL(CNode)

// attribute
public:
/I properties of node or vertex on a graph
int m_Execute_cost: // Execution cost
intm Task_no; ~ // Task number of node
int m_Vertex _level; // Node Level on a graph of tree
// operation
public:
CNode(int Task_no, int Execute_cost,int Vertex_level,
COLORREF aColor); // Constructor
virtual void S&idideAmhive& ar);
virtual void Draw(CDC* pDC, CFont* pFont=0, CElement* pElement=0);
// Destructor
/~CNode( { }
protected:

CNode() {}; // Default Constructor
|5
IR
1l class CArc
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class CArc : public CElement
{
DECLARE_SERIAL(CArc)

// attribute

public:
int m_Commu_cost;  // Communication cost between node or vertex
int m_Start_vertex; // Starting node of m_Comm_cost
int m_End_vertex; // Ending node of m_Comm_cost
/loperation
public:
CArc(int Start_node, int End_node, int Commu_cost);
virtual void Serialize(CArchive& ar);
virtual void Draw(CDC* pDC, CFomt* pFont=0, CElement* pElement=0);
protected:

CArc() {}; //Default Constructor
¥
IR T
class CEdge;  // Forward declaration
e
1/l class CVertex
class CVertex : public CElement
{
DECLARE_SERIAL{CVertex)
public: // attribute
int ‘m_Execute_cost; // Execution cost on node
int. m_Task _no;  //Task number
int  m Vertex_level; // level vertex on a Graph or tree
CRect m_Rect;
CEdge *m_First_edge; // point to edge
CVertex *m_Next_vertex; // point to vertex
BOOL m_Marked;
public: // operation
CVertex(CRect aRect, COLORREF aColor);
virtual void Serialize(CArchive& ar);
virtual void Draw(CDC* pDC, CFont* pFont=0, CElement* pElement=0);
void SetBoundRect(CRect aRect)
{
m_EnclosingRect = aRect;

m_EnclosingRect.NormalizeRect();

protected:
CVertex() {}; //Default Constructor
1
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// class Edge

class CEdge : public CElement

{

DECLARE_SERIAL(CEdge)

public: // attribute

int m_Commu_cost: // Communication cost on node edge
CVertex *m_End point; / point to vertex
CEdge *m_Next edge: // point to edge
CPoint m_StartPoint;

CPoint m_EndPoint;

BOOL m_STATE_POLY:

CPoint m_Armow[3];

CPoint m_POLY;

CPoint m_POLY2;

CPoint mPOLY3;

CPoint - m_arl:

CPoint - m_ar2;

CPoint m_ar3;

public: // operation

protected:

CEdge(CPoint Start, CPoint End):
virtual void Serialize(CArchive& ar); //Serialize function for CElement
virtual void Draw(CDC* pDC, CFont* pFont=0, CElement* pElement=0);
void SetBoundRect(CRect aRect)
{

m_EnclosingRect = aRect:

m-EnclosingRect.NormalizeRect():

CEdge() {}: #/Default Constructor

HHHTHTH TR T

I Acyclic Directed Graph

class CDigraph : public CElement

{

DECLARE_SERIAL(CDigraph)

public:

/I Constructure
CDigraph(int AmountOfVertex, COLORREF ColorVertex);
CElement* Make_Graph(CElement* pElement);
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protected:

public:

protected:
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// Joint Graph and new vertex

void Joint_Vertex(CElement *pGraph. CElement *pVertex. CElement* pElement):
/f Traverse all vertexs on Graph

BOOL Traverse_Graph(CVertex *pGraph, CVertex *pVertex):

// To determines whether a pVertex is adjacent to a pGraph

BOOL Adjacent(CVertex *pGraph, CVertex *pVertex);

/f Find any vertex on Graph

CElement* Find_Vertex(CElement* pGraph, int Task_no);

// Add new vertes on to Graph

CElement* Add_Vertex(CElement* pGraph, CElement* pElement);
void Delete_Digraph(CElement* pGraph);

CVertex *m_Vertex;

CEdge *m_Edge:

int  m_AmountOfVertex: //a number of vertex of a graph
int m_PenWidth; /ipen size

int m_Color; #iseq current for vertex

COLORREF m_Color vertex:

COLORREF m_Color edge;

CElement* Alloc Vertex(CRect aRect, COLORREF aColor):
CElement* Alloc_Edge(int aStart, int aEnd);

BOOL Free_Vertex(CVertex *pVertex);

BOOL Free_Edge(CEdge *pEdge);

/I Remove edge from Graph

void Remove_Edge(CVertex *pGraph, CVertex *pVertex);

virtual void Serialize(CArchive& ar); //Serialize function for CElement
virtual void Draw(CDC* pDC, CFont* pFone=0, CElement* pElement=0);

CDigraph() {} //Defualt constructor

TR T

1/ class tree-node

class CTreenode : public CElement

{

DECLARE_SERIAL(CTreenode)

public:

int ~m_Execute_cost; // Execution cost on node
int m_Task no: // Task number
int m_Vertex_level; // level vertex on a Graph or tree

CRect m_Rect;



protected:

public:

protected:

CTreenode* m_father;

CTreenode* m_son:

CTreenode* m_next:

int m_commu_cost; // communication cost from itself to parent node
// communication cost at rooted tree that has
I/ always zero.

int m_CompleteTime:

CPoint m_StartPoint: // for draw edge between vertex of a tree

CPoint m_EndPoint;

CPoint m_Arrow[3]; // define boundary for a head arrow

CPoint m_arl:

CPoint m_ar2;

CPoint m_ar3:

CTreenode(CRect aRect, COLORREF aColor)
{
m_Color = aColor;
m_father = NULL;
m_son ‘= NULL;
m_next = NULL:
m_CompleteTime = 0;
}#/constructor
virtual void Serialize(CArchive& ar);
virtual void Draw(CDC* pDC, CFont* pFont=0, CElement* pElement=0);
/{ set bound rectangle for a vertex and an edge
void SetBoundRect{(CRect aRect)
{
m_EnclosingRect = aRect;
m_EnclosingRect.NormalizeRect();

CTreenode() {}/Default constructor

T i i

/! class CTree

class CTree : public CElement

{

DECLARE_SERIAL(CTree)

// member variable and function operation

public:

COLORREF m_Color_Vertex;
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COLORREF m_Color_Edge;

int m_SizeLevel;

int m_CurrentLevel;

int m_PrevLevel;

CElement* MakeTree(CElement* pElement);

CElement* FindFather{CElement* aVertexTree, CElement* aFather, CElement* aNode):

CElement* Addson_SortedCommu(CElement* pTree. CElement* pVertex, CElement* pEdge);

void Traverse_Intree{CElement* pElement);
void Assign_Position(CElement* pElement, int TYPE);
void Assign_Edge(CElement* pElement, int TYPE);
void MakeBinaryTree(CElement *pElement, CElement *pFather, int SON_NEXT);
void AssignLevel(CElement *pElement. int alevel);
void GetCellRect(int row, int col, LPRECT pRect);
void Deleted_Tree(CElement* pElement):;
// member variable and function operation
public:
int m_Leaf;
int m_StartGroup;
int m_Start;
int m_Current;
int m_ChildGroup;
/! function operation for virtual function
public:
CTree(COLORREF aColor)
{
m_Color_Vertex = aColor;
m_Color_Edge =BLACK;
m_Leaf=0;
m_StartGroup = 1;
m_Start =0;
m_Current = 0;

m_ChildGroup =0;

m_CurrentLevel = 0;
m_PrevLevel = 0;
m_SizeLevel =0; // level size of tree

} //constructor

virtual void Serialize(CArchive& ar);
//Destructor

~CTree()

L
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protected:
CElement* Alloc_Treenode(CRect aRect, COLORREF aColor);
BOOL  Free_Treenode(CTreenode* aNode):
void Create InverseHeadArrow(UINT max1, UINT max2,
CEdge *pEdge, CRect aRect, CPoint aThirdPoint=0);
CTree() {} //Defautl constructor
¥
class CConnect;

L LT TR
/I class CTask derives from CVertex
class CTask : public CVertex
{
DECLARE_SERIAL(CTask)
/I public memeber variable
public:
int m_StartedTime;
int m_CompleteTime;
CTypedPirArray<CPtrAmay, BOOL*> m_ArrayTaskCluster;
/I protected member function
protected:
//function operation for virtual function
public:
CTask(CRect aRect, COLORREF aColor);
virtual void Serialize(CArchive& ar);
/iprotected operation function
protected:
CTask() {} //Default constructor
5

T e T

n

class CConnect : public CElement
{
DECLARE_SERIAL(CConnect)

//public member variable

public:
CPoint m_StartPoint, m_EndPoint;
int m_CommuCost;

/lprotected member function

protected:

{/function operation for virtual function



public:
CConnect(CPoint aStart, CPoint aEnd);
virtual void Serialize(CArchive& ar);
//protect operation function
protected:

CConnect() {} //Default constructor

Y e
class CSetTask : public CObject

{
DECLARE_SERIAL(CSetTask)

public:
BYTE *m_SetCluster;
int m_SizeCluster;
public:
~CSetTask()
{
if(m_SetCluster)
{ delete [ ] m_SetCluster: }
}
CSetTask(int pSize)
{
m_SizeCluster = pSize:
m_SetCluster =new BYTE([pSize];
memset(m_SetCluster, 0’ pSize);
}
virtual void Serialize(CArchive& ar)
{
CObject::Serialize(ar);
if(ar.IsStoring())
{ ar <<m_SizeCluster. }
else
{ ar >>m_SizeCluster: }
}
int GetTotalElement()
{ retumn m_SizeCluster: }
protected:

CSetTask() {}
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/1 Class for Binary Tree

class CNodeBi

{

public:
int info;
int makespan:
int started_time;

int finished _time;
CNodeBi *left:
CNodeBi *right:
public:
CNodeBi()
{
info =0;
started_time = 0;
finished_time =0;
makespan = 0;
!
~CNodeBi()
{}
protected:

4

T T LR L T

/f class node cluster

/I define attribute of node on cluster

class CCluster : public CDigraph

{

DECLARE_SERIAL(CCluster)

// public memeber variable

public:
CSingleNode *m_SetTask;
CSetTask  *m_CSetTask;
CTypedPtrList<CObList, CSetTask*> m_ArrayTaskCluster;

// member variable and function operation

public:
CElement* MakeCluster(CElement *pElement);
void InitSet(BOOL *pSet_Cluster, int size);
void Allocate_SetOfTask();

void TraverseTree(CElement* pElement):

162

void AdaptiveTaskCluster(CElement *pElement, int &pCommuCost, int &pStartedTime, int &pCompletedTime,

BOOL *pSetTaskChild);
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void ScheduleOfTask():
int CompletionTime(BOOL *pSetOfTask);
void OperationSet(BOOL *pSetLeft, BOOL *pSetRight, BOOL *pSetResuli, int pOperation);
BOOL CheckEmptySet(BOOL *pSetLeft. BOOL *pSetRight);
BOOL CheckMemberSet(BOOL *pSctSource, BOOL *pSetDestinate);
void Put_TotalTask(int pTotalTask):
int Get_TotalTask();
// array of a set of task cluster
BOOL Empty_SetOfTaskCluster();
void Insert_SetOfTaskCluster(BOOL *pSetOfTask);
CSetTask* Get_SetOfTaskCluster():
void Del_SetOfTaskCluster{CSe1Task *pSetofTask);
void Assign_NodePosition(CElement* pElement, int pCurrentRow, int pCurrentColumn);
void Assign_ArcPosition(CElement* pElement);
void Debug_Packet(BYTE* pPacket);
CNodeBi *Alloc_NodeBi();
CNodeBi *MakeBiTree(int KeyValue);
BOOL SetLeftBiTree(CNodeBi *pBiTree. int KeyValue);
BOOL SetRightBiTree(CNodeBi *pBiTree, int KeyValue):
BOOL InsertNodeOnBiTree(CNodeBi *pRooted, int KeyValue):
void TraverseBiTree(CNodeBi *pPoint);
void DeleteBiTree(CNodeBi *pPoint);
void GetSinkNode_OnBiTree(CNodeBi *pPoint, CSingleNode *pArrayNode, int aSize);
CLinkList *MakeLinkList(int pInfo);
CLinkList *InsertToLinkList(CLinkList *pLinkList, int pinfo):
void  FreeLinkList(CLinkList *pLinkList);
CLinkList *GetTailLinkList(CLinkList *pLinkList, int &pInfo);
void  PushMakeSpan(int *pLinkMakeSpan, int info);
int  PopMakeSpan(int *pLinkMakeSpan);
protected:
CVertex *m_Vertex; //CTask derives from CVertex
CEdge *m_Edge;
CLinkList ~ *m_LinkList;
COLORREF m_Color_Edge;
int m_Task_Total;
CElement* Add_Task(CElement* pCluster, CElement* pElement);
CElement* Alloc_Task(CRect aRect, COLORREF aColor);
BOOL Free_Task(CTask *pTask);
int Get_ExecuteCost(int pTaskNo);
// function operation for virtual function
public:
CCluster(COLORREF aColor); //constructor
virtual void Serialize(CArchive& ar);



virtual ~CCluster()

{ iflm SetTask) delete [ ] m_SetTask: }
protected:

CCluster() {} //Defaut] constructor
&
#endif //'defined(Graph_h)
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] Graph.cpp File

Y e e e e e

// Implementations of the element classes
#include "stdafx.h” // standard system header files
#include "ATCS.h"

(f#include "ATCSDoc.h"

/finclude "ATCSView.h"

#include "Graph.h"

#include "ATCSDoc.h"

#include "ATCSView.h"

#include <math.h>

IMPLEMENT _SERIAL(CElement, CObject, VERSION NUMBER)
IMPLEMENT_SERIAL(CNode, CElement, VERSION_ NUMBER)
IMPLEMENT _SERIAL(CArc. CElement; VERSION_NUMBER)
IMPLEMENT_SERIAL(CVertex, CElement, VERSION NUMBER)
IMPLEMENT _SERIAL(CEdge, CElement, VERSION NUMBER)
IMPLEMENT._SERIAL(CDigraph, CElement. VERSION_NUMBER)
IMPLEMENT _SERIAL(CTreenode, CElement, VERSION. NUMBER)
IMPLEMENT_SERIAL(CTree, CElement, VERSION _NUMBER)

IMPLEMENT_SERIAL(CTask, CVertex, VERSION_NUMBER)
IMPLEMENT_SERIAL(CConnect, CElement, VERSION_NUMBER)
IMPLEMENT_SERIAL(CCluster, CDigraph; VERSION_NUMBER)
IMPLEMENT_SERIAL(CSetTask, CObject, VERSION NUMBER)
e e e
/I Get the bounding rectangle for an element
CRect CElement::GetBoundRect()
{ CRect BoundingRect; //Object to store bounding rectangle
BoundingRect = m_EnclosingRect; //Store the enclosing rectangle
//Increase the rectangle by the pen width
intoffset=m _Pen==071:m_Pen; // Width must be at least |
BoundingRect.InflateRect(offset, offset);
retumn BoundingRect;
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void CElement::Serialize(CArchive &ar)
{
CObject::Serialize(ar); // call the base class function
if(ar.IsStoring())
{ ar << m_Color //Store the color
<< m_EnclosingRect //and the enclosing rectangle

<<m_Pen; //and the pen width

}
else{
ar >>m_Color
>>m_EnclosingRect
>>m_Pen;
}

H
R e T
{/ Constructor CNode
CNode::CNode(int Task_no, int Execute_cost..int Veriex_level, COLORREF aColor)
{ m_Execute_cost = Execute_cost:
m_Task no = Task_no;
m_Vertex_level = Vertex_level:
m_Pen=1;
3
TR LR R
I/ Serialize for CNode
void CNode::Serialize(CArchive &ar)
{ CElement::Serialize(ar): // call the base class function
iffar.IsStoring())
{ ar <<m_Task no
<<m_Execute_cost

<< m_Venex_level:

}

else

{ ar >>m_Task_no
>>m_Execute_cost
>>m_Vertex_level;

}

}

TR T T T T

/I Draw a circle

void CNode::Draw(CDC* pDC, CFont* pFont, CElement* pElement)
(35,

e

/I Constructor for CArc



CArc::CArc(int Start_node, int End_node, int Commu_cost)

{

}

m_Commu_cost = Commu_cost:
m_Start_vertex = Start_node:

m_End_vertex = End_node;

e

/I Serailize of CArc

void CArc::Serialize(CArchive &ar)

{

}

CElement::Serialize(ar); // call the base class function
if(ar.IsStoring())
{ ar << m_Start_vertex

<<m_End_vertex

<< m_Commu_cost:

}

else

{ ar >>m_ Start_vertex
>>m_End_vertex
>>m_Commu_cost:

}

MR L T
void CArc::Draw(CDC* pDC, CFont* pFont. CElement* pElement)

{

}

TR R LT R P
CVertex;:C Vertex(CRect aRect, COLORREF aColor)

{

}

{/First calculate the radius

//We use floating point because that is required by

/ithe library function (in math.h) for calculating a square root.

/Nong Radius = (long) sqrt((double)((End.x-Start.x)*(End.x-Start.x)+(End.y-Start.y)*(End.y-Start.y)) );
/MNow calculate the rectangle enclosing

/lthe circle assuming the MM_TEXT mapping mode

/im_EnclosingRect = CRect(Start.x-Radius, Start.y-Radius, Start.x+Radius, Start.y4+Radius);

m_Rect = aRect;

m_Color = aColor; //Set the color for the circle

m_Marked = FALSE;

T
void CVertex::Serialize(CArchive &ar)

{

CElement::Serialize(ar); // call the base class function
if(ar.IsStoring())
{ ar << m_Execute_cost

<< m_Task_no

<<m_Vertex_level
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<< m_Rect;

3

else

{ ar >>m_Execute_cost
>>m_Task_no
>>m_Vertex_level
>>m_Rect;

}

}
e T T T

void CVertex::Draw(CDC* pDC, CFont* pFont, CElement* pElement)
{ CBrush brush(m_Color);
pDC->SelectObject(&brush);
pDC->Ellipse(&m_Rect);
pDC->SetBkMode(TRANSPARENT);
CFont* pOldFont = pDC->SelectObject(pFont);
CString label;

iflm_Task no == SPACE_NODE)
label. Format(_ T("SP"));
else
label. Format(_ T(*T%d"). m_Task no);

pDC->DrawText(label, m_Rect, DT SINGLELINE | DT CENTER | DT_VCENTER);
pDC->8electObject(pOldFont);

}

TR R TR L T TR LA T TR T

CEdge::CEdge(CPoint Stast; CPoint End)

{

m_StartPoint = Start; m_EndPoint=End m_STATE POLY = FALSE;
m_arl.x =0; m_arl.y=0; m_ar2.x =0, m_ar2.y=0;
m_ar3.x =0; m_ard.y =0;

m_POLYl.x=0; m_POLYLlLy=0; m_POLY2.x =0; m_POLY2.y =0,
m_POLY3.x=0; m_POLY3.y=0;

}

e e L

void CEdge::Serialize(CArchive &ar)

{
CElement::Serialize(ar); / call the base class function

if{ar.IsStoring())
{ ar <<m_Commu_cost
<< m_StartPoint

<< m_EndPoint
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}

<<m_STATE_POLY
<<m_POLY1
<<m_POLY2
<<m_POLY3
<<m_arl

<< m_ar2

<<m_ar3;

else

{ ar >>m_Commu_cost
>>m_StartPoint
>>m_EndPoint
>>m_STATE_POLY
>>m_POLY1
>>m POLY2
>>m POLY3
>>m_arl
>>m_ar2

>>m_ard;

i e e e e e e g

void CEdge;:Draw(CDC* pDC, CFont* pFant, CElement* pElement)

{

CPen aPen;

COLORREF aColor = RGB(0,0,0); // BACK COLOR

m_Pen=1;

if{!aPen.CreatePen(PS SOLID, m_Pen, aColor))

{ //Pen creation failed, Abort the program
AfxMessageBox("Pen Creattion failed drawing a line”, MB_OK);
AfxAbort();

}

/idraw line

CPen *pOldPen = pDC->SelectObject(&aPen);

iftm_STATE_POLY)

{ /ipDC->Arc(m_EnclosingRect, m_StartPoint, m_EndPoint);
POINT aPoint[4] = {m_POLY1.x, m_POLYl.y, m_POLY2.x, m_POLY2.y,

m_POLY2.x, m_POLY2.y+10, m_POLY3.x, m_POLY3.y};

pDC->PolyBezier(aPoint, 4);
}
else
{ pDC->MoveTo(m_StartPoint);

pDC->LineTo(m_EndPoint);
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pDC->SelectObject(pOldPen);
//draw head arrow
CBrush brush(aColor);
CBrush* pOldBrush = pDC->SelectObject(&brush):
m_Arrow[0].x = m_arl.x; m_Arrow[0].y = m_arl.y;
m_Arrow[1].x =m_ar2.x; m_Arrow[1].y = m_ar2.y;
m_Armrow[2].x = m_ar3.x; m_Arrow([2].y = m_ar3.y:
pDC->Polygon(m_Arrow,3);
pDC->SelectObject(pOldBrush);
}
L e e
void CDigraph::Serialize(CArchive &ar)
{ CElement::Serialize(ar); // call the base class function
}
L e T e T
void CDigraph::Draw(CDC* pDC, CFont* pFont, CElement* pElement)
{ }
e
//Add definifions for member functions here
CDigraph::CDigraph(int AmountOfVertex, COLORREF ColorVertex)
{ m_AmountOfVertex = AmountOfVertex;
m_Color_vertex =ColorVertex;
/ISet black color for edge by default value
m_Color edge =BLACK;
1
e T T
/I To Allocate dynamic memory for a new vertex
CElement* CDigraph::Alloc_Vertex(CRect aRect, COLORREF aColor)
{ return new CVertex(aRect, aColor); 1
TR T L T
/I To Allocate dynamic memory for a new edage
CElement* CDigraph::Alloc_Edge(int aStart, int aEnd)
{ return new CEdge(aStart, aEnd); }
e
/I To release dynamic memory allocation for a vertex

BOOL CDigraph::Free Vertex(CVertex *pVertex)

{ if(pVertex = NULL)
{ delete pVertex;
return TRUE;
}
else
return FALSE;
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e
// Ta release dynamic memory allocation for a edge

BOOL CDigraph::Free_Edge(CEdge *pEdge)

{ iflpEdge '= NULL)
{ delete pEdge;
return TRUE;
}
else
return FALSE;

}

i e

/' To Allocate dinamic memory for a new Graph
CElement* CDigraph::Make Graph(CElement* pElement)
{ CElement* pVertex;

// allocation a new vertex for a Graph

pVertex = Alloc_Vertex(0, m_Color vertex);

// attribute

((CVertex*)pVertex)->m_Task no = ((CNode*)pElement)->m_Task no;

((CVertex*)pVertex)->m_Execute_cost = ((CNode*)pElement)->m_Execute_cost;

((CVertex*)pVertex)->m_Vertex_level = ((CNode*)pElement)->m_Vertex_level;

((CVertex*)pVertex)->m_First_edge = NULL;

((CVertex*)pVertex)->m_Next_vertex-= NULL;

((CVertex*)pVertex)->m_Marked = FALSE;

return pVertex;

i

e T e e

/I 1t will be joint a Global graph and a new vertex to that graph

void CDigraph::Joint_Vertex(CElement *pGraph. CElement *pVertex, CElement* pElement)
{ CElement *m_Edgel, *m_Edge2;

m_Edgel = m_Edge2 = NULL;

m_Edgel = ((CVertex*)pGraph)->m_First_edge;

while( m_Edgel !'=NULL && ((CEdge*)m_Edgel)->m_End_point != pVertex)

{ m_Edge2 = m_Edgel;
m_Edgel = ((CEdge*)m_Edgel)->m_Next_edge;

1/ end while()

iflm_Edgel != NULL)

{ // The m_Edge represents an edge from a pGraph to a new pVertex.
/fm_Edgel->m_Commu_cost = Weight;
((CEdge*)m_Edgel)->m_Commu_cost = ((CArc*)pElement)->m_Commu_cost;
return;

}

// A Edge from a pGraph to a pVertex does exist.

m_Edgel = Alloc_Edge(0,0);
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/im_Edgel->m_Commu_cost = Weight:
((CEdge*)m_Edgel)->m_Commu_cost = ((CArc*)pElement)->m_Commu_cost;
((CEdge*)m_Edgel)->m_End_point = (CVertex*)pVertex;
((CEdge*)m_Edgel)->m_Next_edge =NULL;
(m_Edge2 == NULL) ? ((CVertex*)pGraph)->m_First_edge = (CEdge*)m_Edgel) :
(((CEdge*)m_Edge2)->m_Next_edge = (CEdge*)m_Edgel);
H
e e e
// Tt will be remove a pVertex from a pGraph
void CDigraph::Remove Edge(CVertex *pGraph, CVertex *pVertex)
{ CEdge *pEdgel, *pEdge2:
pEdgel = pEdge2 = NULL:
/1 to traverse by using an edge or anarc
pEdgel = pGraph->m_First_edge;
while(pEdgel != NULL && pEdgel->m-End_poinc != pVertex)
{ pEdge2 = pEdgel;
pEdgel = pEdgel->m Next edge;
1/ end while()
iflpEdgel != NULL)
{ //'a pEdgel points to an edge from a pGraph to a pVertex
(pEdge2 == NULL) ? (pGraph->m_First_edge = pEdge1->m_Next_edge) :
(pEdge2->m_Next_edge = pEdgel->m_Next_edge);
Free_Edge(pEdgel);
retum;
}/Endif
}
WU T LT T
/f 1t will be adjacent vertex on a Graph
BOOL CDigraph::Adjacent(CVertex *pGraph, CVertex *pVertex)
{ CEdge *Edge;
Edge = pGraph->m_First_edge;
while( Edge != NULL)

{ if(Edge->m_End_point == pVertex) return TRUE;

else Edge = Edge->m_Next_edge;
H
return FALSE;

}
I TR
#/ 1t will be find any vertex on Graph
CElement *CDigraph::Find_Vertex(CElement *pGraph, int Task_no)
{ CElement* pVertex:
pVertex = pGraph;
while(pVertex != NULL)



172

{ if{ ((CVertex*)pVertex)->m_Task_no == Task_no)
return pVertex;
else
pVertex = ((CVertex*)pVertex)->m_Next_vertex;
H
return NULL;
}
Y e
// It will be add a pVertex to a pGraph
CElement *CDigraph::Add_Vertex(CElement *pGraph, CElement* pElement)
{ CElement* pVertex;
/1 allocation for a new vertex to graph
pVertex = Alloc_Vertex(0, m_Color_vertex);
/I set attribute
((CVertex*)pVertex)->m_Task no  ={((CNode*)pElement)->m_Task_no;
((CVertex*)pVertex)->m_Execute_cost = ((CNode*)pElement)->m_Execute_cost;
((CVertex*)pVertex)->m_Vertex_level = ((CNode*)pElement)->m_ Vertex._level:
((CVertex*)pVertex)->m. First_edge = NULL;
((CVertex*)pVertex)->m_Next_vertex = (CVertex*)pGraph;
pGraph =pVertex;
# return a new locate for a Graph
return pVertex;
}
MR R LR I T
void CDigraph::Delete_Digraph(CElement* pGraph)
{ CElement *pPoint;
CEdge *pEdge:
CEdge *aEdge;
while(pGraph)
{ pPoint = pGraph;
pEdge = ((CVertex*)pPoint)->m_First_edge:

while(pEdge)

{ aEdge = pEdge; pEdge = pEdge->m_Next_edge;
delete aEdge; aEdge = 0;

}

pGraph = ((CVertex*)pGraph)->m_Next_vertex;
delete pPoint; pPoint = 0;

}

TR T TR R T T R L TR TR

void CTreenode::Serialize(CArchive &ar)

{ CElement::Serialize(ar); // call the base class function
if{ar.IsStoring())



}

{ ar << m_Execute_cost
<<m_Task_no
<<m_Vertex_level
<< m_Rect
<< m_commu_cost
<< m_CompleteTime
<< m_StartPoint
<< m_EndPoint
<< m_arl
<< m_ar2

<< m_ar3;

else
{ ar >>m_Execute cost
>>m_Task no
>>m_Vertex_level
>>m_Rect
>> m_commu_cost
>>m_CompleteTime
>> m_StartPoint
>>m_EndPoint
>>m_arl
>>m_ar2

>2m _ar3;

T e L e

void CTreenode::Draw(CDC* pDC, CFont* pFont, CElement* pElement)

{

CBrush brush(m_Color);
pDC->SelectObject(&brush);
pDC->Ellipse(&m_Rect);
pDC->SetBkMode(TRANSPARENT);
CFont* pOldFont = pDC->SelectObject(pFont);
CString label;
iftm_Task_no == SPACE_NODE)

label. Format(_T("SP"));
else

label. Format(_T("T%d"), m_Task_no);
pDC->DrawText(label, m_Rect, DT_SINGLELINE | DT_CENTER | DT_VCENTER);
pDC->SelectObject(pOldFont);
// Draw Edge
CPen aPen;
COLORREF aColor = RGB(0,0,0); // BACK COLOR
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m_Pen=1;
if(1aPen.CreatePen(PS_SOLID, m_Pen, aColor))
{ /[Pen creation failed, Abort the program
AfxMessageBox("Pen Creattion failed drawing a line", MB_OK);
AfxAbort();

}
//draw line
CPen *pOldPen = pDC->SelectObject(&aPen);
pDC->MoveTo(m_StartPoint);
pDC->LineTo(m_EndPoint);
pDC->SelectObject(pOldPen);

}

T T T LT TR LR T

void CTree::Serialize(CArchive &ar)

{ CElement::Serialize(ar); // call the base class function }

e e

CElement* CTree::MakeTree(CElement* pElement)

{ CElement* pTreenode;
// allocation a new vertex for a Graph
pTreenode = Alloc_Treenode(0, m_Color Vertex);
// attribute
((CTreenode*)pTreenode)->m _Task no = ((CVertex*)pElement)->m_Task_no;
((CTreenode*)pTreenode)->m_Execute_cost = ((CVertex*)pElement)->m_Execute cost;
((CTreenode*)pTreenode)->m_Vertex_level = m_SizeLevel - ((CVertex*)pElement)->m_Vertex_level;
((CTreenode*)pTreenode)->m_father = NULL:;
((CTreenode*)pTreenode)=>m_son =NULL:
((CTreenode*)pTreenode)->m next =NULL;
((CTreenode*)pTreenode)->m_CompleteTime = 0;
{(CTreenode*)pTreenode)->m_commu_cost = 0; // at rooted tree has a zero value
return pTreenode;

}

e e

CElement* CTree::Alloc_Treenode(CRect aRect, COLORREF aColor)

i return new CTreenode(aRect, aColor); }

e

BOOL CTree::Free_Treenode(CTreenode* pNode)

{ ifipNode != NULL)
{ delete pNode; return TRUE; }
else
return FALSE;
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B
CElement* CTree::FindFather(CElement* aVertexTree, CElement* aFather, CElement* aNode)

{

CElement* xFather=NULL: CElement* aSon=NULL; BOOL afound = FALSE:

iflaVertexTree)

{ if{ ((CTreenode*)aVertexTree)->m_Task_no) == (((CVertex*)aFather)->m_Task_no) )
{ xFather = aVertexTree; afound = FALSE:

aSon = {(CTreenode*)aVertexTree)->m_son;
while(aSon)
{
if{ ((CTreenode*)aSon)->m_Task_no) == (((CVertex*)aNode)->m_Task_no) )
afound = TRUE:
aSon = ((CTreenode*)aSon)->m_next;
}
if(!afound)
{ /IAfxMessageBox("Can add son");

return XFather;

H
xFather = FindFather( ((CTreenode*)aVertexTree)->m_son, aFather, aNode):
if(xFather) return xFather;
xFather = FindFather( ((CTreenode*)aVertexTree)->m_next, aFather, aNode);
if(xFather) return xFather;
}
return NULL;
}
T e
CElement* CTree::Addsen_SortedCommu(CElement* pTree, CElement* pVertex, CElement* pEdge)
{ CElement* pElement; CElement* pSource = pTree;
CTreenode™* tmp=0; CTreenode* prev=0;
pElement = Alloc_Treenode(0, m_Color Vertex);
((CTreenode*)pEtement)->m_Task no = ((CVertex*)pVertex)->m_Task_no;
((CTreenode*)pElement)->m_Execute_cost = ((CVertex*)pVertex)->m_Execute cost:
((CTreenode*)pElement)->m_Vertex_level =m_SizeLevel - ((CVertex*)pVertex)->m_Vertex_level;
((CTreenode*)pElement)->m_father = (CTreenode*)pTree;
((CTreenode*)pElement)->m_son =NULL; ((CTreenode*)pElement)->m_next = NULL;
((CTreenode*)pElement)->m_CompleteTime = 0;
((CTreenode*)pElement)->m_commu_cost = ((CEdge*)pEdge)->m_Commu_cost;
tmp = prev = ((CTreenode*)pTree)->m_son;
while(tmp != NULL)
{ if{ ((CTreenode*)pElement)->m_commu_cost >= tmp->m_commu_cost )
{
((CTreenode*)pElement)->m_next = tmp;
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break;
}
else
{ ifprev != tmp) prev = prev->m_next;
tmp = tmp->m_next;
H
H
if{prev == tmp)

((CTreenode*)pTree)->m_son = (CTreenode*)pElement:
else
((CTreenode*)prev)->m_next = (CTreenode*)pElement;
pTree = pSource;
return pTree;
}
TR T LRI L T T T T
void CTree:: Traverse_Intree(CElement* pElement)
{ CString msg;
if{pElement)
{
msg.Format(_T(" Task No=T%d Vertex Level = %d Commu = %d"),
((CTreenode*)pElement)->m_Task_no, ((CTreenode*)pElement)->m_Vertex_level,
((CTreenode*)pElement)->m_commu_cost);
AfxMessageBox(msg);
Traverse_Intree(((CTreenode*)pElement)->m_son):
Traverse_Intree(((CTreenode*)pElement)->m_next);

H
e e e e e

void CTree::Assign_Position(CElement* pElement, int TYPE)
{
int aRow, aCel; CRect aRect=0;  CString msg;
if(pElement)
{
Assign_Position(((CTreenode*)pElement)->m_son, TYPE):
m_CurrentLevel = ((CTreenode*)pElement)->m_Vertex_level;
ifim_CurrentLevel > m_PrevLevel)
{
m_PrevLevel = m_CurrentLevel;
aRow = (m_CurrentLevel * 2) + (m_CurrentLevel + 3);
aCol = (m_Leaf*2) + 1: m_Leaft++; m_Current = aCol;
m_Start = aCol;
iflm_Leaf ==1) m_StartGroup = m_Start;



else if (m_CurrentLevel < m_PrevLevel)

{

m_PrevLevel =m_CurrentLevel:

aRow = (m_CurrentLevel * 2) + (m_CurrentLevel + 3);

iffm_Current > m_Start)

{

else

}

iflm_CurrentLevel == 1)

{ aCol = m_StartGroup + (m_Current - m_StartGroup)/2;
m_StartGroup = m_Current + 2;

H

else iflm_CurrentLevel == 0)

{ aCol = 1 + (m_Current-1)/2; }

else

{ aCol = m_Start + (m_Current - m_Start)/2; }

iftm CurrentLevel == 0)

{ aCol =1 + (m_Current - 1)/2;

}

else ifflm_Currentlevel == 1)

{ aCol = m_StartGroup + (m_Current - m_StartGroup)/2;

m_StartGroup = m_Current + 2;

aCol =m_Start + (m_Current - m_Start)/2;

m_Start =m_Current +2;

else

m_PrevLevel =m_CurrentLevel;

aCol =(m_Leaf* 2)+1; m_Leaf++; m_Current = aCol;

}
CATCSView* pView =

(CATCSView*)((CMDIFrameWnd*)AfxGetMainWnd())->GetActiveFrame()->GetActive View():

ASSERT_KINDOF(CATCSView, pView);

pView->GetCellRect(aRow, aCol, 0);

aRect = pView->GetDocument()->m_Cell;

((CTreenode*)pElement)->m_Rect = aRect;

((CTreenode*)pElement)->SetBoundRect(aRect);
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aRow =(m_CurrentLevel * 2) + (m_CurrentLevel + 3);
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switch(TYPE)

{ case TREE:
pView->GetDocument()->AddObject_Tree(pElement);
break:

case BI_TREE:

pView->GetDocument()->AddObject_BiTree(pElement);
break;

b

Assign_Position(((CTreenode*)pElement)->m_next, TYPE);

}
I L T L T L
void CTree::Assign_Edge(CElement* pElement, int TYPE)
{
CEdge *pEdge; CElement *aSonl, *aSon2; CPoint aStartPoint=0; CPoint aEndPoint=0;
UINT minl, min2, max1, max2; CRect aRect =0;
CATCSView* pView =
(CATCSView*)((CMDIFrameWnd*)A fxGetMainW nd())->GetActiveFrame()->GetActiveView();
ASSERT_KINDOF(CATCSView, pView):
if(pElement)
{
aStartPoint.x = ((CTreenode*)pElement)->m_Rect.right = (pView->m_nCellWidth/2);
aStartPoint.y = ((CTreenode*)pElement)->m_Rect.bottom;
aSonl = ((CTreenode*)pElement)->m_son; aSon2 =~ aSonl;
while(aSonl)
{ pEdge = new CEdge(0,0);
aEndPoint.x = (((CTreenode*)aSonl)}->m Rect.left + (pView->m nCellWidth/2)) - 1;
aEndPoint.y = ((CTreenode*)aSonl)->m_Rect.top;
pEdge->m_StartPoint = aStartPoint;
pEdge->m_EndPoint = aEndPoint;
minl =min2 = maxl = max2=0;
minl = min( ((CTreenode*)pElement)->m_Rect.right,
((CTreenode*)pElement)->m_Rect.left ):
min2 = min( ((CTreenode*)aSon1)->m_Rect.right.
((CTreenode*)aSonl)->m_Rect.left);
max] = max( ((CTreenode*)pElement)->m_Rect.right,
((CTreenode*)pElement)->m_Rect.left);
max2 = max( ((CTreenode*)aSon1)->m_Rect.right,
((CTreenode*)aSonl)->m_Rect.left);
aRect.left = min{minl, min2);
aRect.right = max(max1, max2);
aRect.top = ((CTreenode*)pElement)->m_Rect.bottom;
aRect.bottom = ((CTreenode*)aSon1)->m_Rect.top;
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Create_InverseHeadArrow(max 1. max2, pEdge, aRect);

pEdge->SetBoundRect(aRect);

switch(TYPE)

{ case TREE:
pView->GetDocument()->AddObject_Tree(pEdge);
break;

case BI_TREE:
pView->GetDocument()->AddObject_BiTree(pEdge);
break;

}

aSonl = ((CTreenode*)aSon1)->m_next;

}// while loop
while(aSon2)
{ Assign_Edge(aSon2, TYPE);
aSon2 = ((CTreenode*)aSon2)->m_next;

e e e e s

void CTree::Create InverseHead Arrow(UINT max1, UINT max2, CEdge *pEdge. CRect aRect, CPoint aThirdPoint)

{

double x_axis, y axis, angle;
x_axis=y_axis = angle=0;
CATCSView* pView =
(CATCS View*)((CMDIFrameWnd*) AfxGetMainWnd())->GetActiveFrame()->GetActive View();
ASSERT._KINDOF(CATCSView, pView);
if( (aThirdPoint.x != 0) || (aThirdPoint.y !=0) )
{ /1 don't anything }
y_axis = aRect.bottom - aRect.top;
iflmax] > max2)
{ // O<angle<45, 45<angle<90, and angle = 45 degree
maxl -= (pView->m_nCellWidth/2); max2 += (pView->m_nCellWidth/2);
x_axis = maxl - max2;
angle = atan2(y axis, x_axis); /find arctan angle radius
angle = (angle *180)/PI;  /find angle degree
iff (O<angle) && (angle<20) ) // 0< x <20
{ pEdge->m_arl.x = pEdge->m_StartPoint.x;
pEdge->m_arl.y = pEdge->m_StartPoint.y;
pEdge->m_ar2.x = pEdge->m_StartPoint.x - ((pView->m_nCellWidth/8)*3);
pEdge->m_ar2.y = pEdge->m_StartPoint.y + ((pView->m_nCellWidth/8)*2) - 1;
pEdge->m_ar3.x = pEdge->m_StartPoint.x - ((pView->m_nCellWidth/8)*4);
pEdge->m_ar3.y = pEdge->m_StartPoint.y + 1;
}
else ifl (20<=angle) && (angle<40)) // 20<= x <40
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{ pEdge->m_arl.x = pEdge->m_StartPoint.x:
pEdge->m_arl.y = pEdge->m_StartPoint.y:
pEdge->m_ar2.x = pEdge->m_StartPoint.x - ((pView->m_nCellWidth/8)*3):
pEdge->m_ar2.y = pEdge->m_StartPoint.y + ((pView->m_nCellWidth/8)*3)-1:
pEdge->m_ar3.x = pEdge->m_StartPoint.x - ((pView->m_nCellWidth/8)*4);
pEdge->m_ar3.y = pEdge->m_StartPoint.y + (pView->m_nCellWidth/8)-1;

}

else ifl (40<=angle) && (angle<60) ) // 40<= x < 60

{ pEdge->m_arl.x = pEdge->m_StartPoint.x;
pEdge->m_arl.y = pEdge->m_StartPoint.y:
pEdge->m_ar2.x = pEdge->m_StartPoint.x - ((pView->m_nCellWidth/8)*3);
pEdge->m_ar2.y = pEdge->m_StartPoint.y + ((pView->m_nCellWidth/8)*4) - I:
pEdge->m_ar3.x = pEdge->m_StartPoint.x = ((pView=>m_nCellWidth/8)*5);
pEdge->m ar3.y = pEdge->m_StartPointy + ((pView->m nCellWidth/8)*2) - 1:

}

else if{ (60<=angle) && (angle<80) ) // 60 <= x < 80

{ pEdge->m_arl.x = pEdge->m_StartPoint.x;
pEdge->m_arl.y = pEdge->m_StartPoint.y;
pEdge->m_ar2.x = pEdge->m_StartPoint.x - ((pView->m_nCellWidth/8)*2);
pEdge->m_ar2.y = pEdge->m_StartPoint.y + ((pView->m_nCelilWidth/8)*4) - 1;
pEdge->m_ar3.x = pEdge->m_StartPoint.x - ((pView->m_nCellWidth/8)*4);
pEdge->m_ar3.y = pEdge->m_StartPoint.y + ((pView->m_nCellWidth/8)*2) - 1:

)

else //80<=x<90

{
pEdge->m _arl.x = pEdge->m_StartPoint.x;
pEdge->m_arl.y = pEdge->m_StartPoint.y;
pEdge->m _ar2.x = pEdge->m_StartPoint.x - {(pView->m_nCeliWidth/8)*3);
pEdge->m_ar2.y = pEdge->m_StartPoint.y + ((pView->m_nCellWidth/8)*3)-1;
pEdge->m_ar3.x = pEdge->m_StartPoint.x;
pEdge->m_ar3.y = pEdge->m_StartPoint.y + ((pView->m nCellWidth/8)*4)-1;

}
else iflmax] < max2)
{ // 90<angle<135, 135<angle<180, and angle = 45 degree
max|] += (pView->m_nCellWidth/2); max2 -= (pView->m_nCellWidth/2);
X_axis = max2 - maxl;
angle = atan2(y_axis, x_axis); /find arctan angle degree
angle = (angle *180)/PI;  //find angle degree
if{ (O<angle) && (angle<20)) // 0<x <20
{ pEdge->m_arl.x = pEdge->m_StartPoint.x;
pEdge->m_arl.y = pEdge->m_StartPoint.y;
pEdge->m_ar2.x = pEdge->m_StartPoint.x + ((pView->m_nCellWidth/8)*3);
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}
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pEdge->m_ar2.y = pEdge->m_StartPoint.y + ({(pView->m_nCellWidth/8)*2) - 1.
pEdge->m_ar3.x = pEdge->m_StartPoint.x + ((pView->m_nCellWidth/8)*4);
pEdge->m_arl.y = pEdge->in_StartPointy + 1:

else ifl (20<=angle) && (angle<40)) // 20<= x <40

{

}

pEdge->m_arl.x = pEdge->m_StartPoint.x:

pEdge->m_arl.y = pEdge->m_StartPoint.y + 1:

pEdge->m_ar2.x = pEdge->m_StartPoint.x + ((pView->m_nCellWidth/8)*3);
pEdge->m_ar2.y = pEdge->m_StartPoint.y + ((pView->m_nCellWidth/8)*3)-1;
pEdge->m_ar3.x = pEdge->m_StartPoint.x + ((pView->m_nCellWidth/8)*4);
pEdge->m_ar3.y = pEdge->m_StartPoint.y + (pView->m_nCellWidth/8)-1;

else ifl (40<=angle) && (angle<60) ) // 40<= x < 60

{

H

pEdge->m_arl.x = pEdge->m_StartPoint.x;

pEdge->m_arl.y = pEdge->m_StartPoint.y + 1:

pEdge->m_ar2:x = pEdge->m_StartPoint.x + ({pView->m_nCellWidth/8)*3);
pEdge->m_ar2.y = pEdge->m_StartPoint.y + ((pView->m_nCellWidth/8)*4) - 1;
pEdge->m_ar3.x = pEdge->m_StartPoint.x + {(pView->m_nCellWidth/8)*5);
pEdge->m_ar3.y = pEdge->m_StartPointy + ((pView->m_nCellWidth/8)*2) - 1:

else if{ (60<=angle) && (angle<80)) /f 60 <= x < 80

{

}

pEdge->m_arl.x = pEdge->m_StartPoint.x;

pEdge->m_arl.y = pEdge->m_StartPoint.y + 1;

pEdge->m_ar2 x = pEdge->m_StartPoint.x + ((pView->m_nCellWidth/8)*2);
pEdge->m_ar2.y = pEdge->m_StartPoint.y + ((pView->m_nCellWidth/8)*4) - 1;
pEdge->m_ar3.x = pEdge->m_SwartPoinL.x + ((pView->m_nCellWidth/8)*4);
pEdge->m_ar3.y = pEdge->m_StartPointy + ((pView->m_nCellWidth/8)*2) - 1;

else /80 <=x<90

{

pEdge->m arl.x = pEdge->m_StartPoint.x;

pEdge->m_arl.y = pEdge->m_StartPoint.y + I;

pEdge->m_ar2:x = pEdge->m_StartPoint.x + ((pView->m_nCellWidth/8)*3);
pEdge->m_ar2.y = pEdge->m_StartPoint.y + ((pView->m_nCellWidth/8)*3)-1;
pEdge->m_ar3.x = pEdge->m_StartPoint.x;

pEdge->m_ar3.y = pEdge->m_StartPoint.y + ((pView->m_nCellWidth/8)*4)-1;

else // max1 == max2
angle = 90; // degree

{

pEdge->m_arl.x = pEdge->m_StartPoint.x;

pEdge->m_arl.y = pEdge->m_StartPoint.y + 1;
pEdge->m_ar2.x = pEdge->m_StartPoint.x + ((pView->m_nCellWidth/g8)*2);

pEdge->m_ar2.y = pEdge->m_StartPoint.y + (pView->m_nCellWidth/2)-1;
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pEdge->m_ar3.x = pEdge->m_StartPoint.x - ((pView->m_nCellWidth/8)*2);

pEdge->m_ar3.y = pEdge->m_StartPoint.y + (pView->m_nCellWidth/2)-1;

}
e e e e
void CTree::MakeBinaryTree(CElement *pElement, CElement *pFather, int SON_NEXT)
{ CElement *aPoint;
ifipElement)
{ aPoint = pElement:
if{ ((CTreenode*)aPoint)->m_next ) // indicate that it has greather child than 2
{ if{ (((CTreenode*)aPoint)->m_next)->m_next != NULL )
{ CElement *SP; SP = Alloc_Treenode(0, m_Color_Vertex);
((CTreenode*)SP)->m_Task no = SPACE_NODE;
((CTreenode*)SP)->m_Execute_cost = 0;
((CTreenode*)SP)->m_Vertex_level = ((CTreenode*)aPoint)->m_Vertex_level;
((CTreenode*)SP)->m_father = ((CTreenode*)aPoint)->m_father;
((CTreenode*)SP)->m_son = (CTreenode*)aPoint;
((CTreenode*)SP)->m_commu_cost =0;
((CTreenode*)SP)->m_CompleteTime = 0;
iflSON_NEXT == SON)
{ ((CTreenode*)SP)->m_next = (((CTreenode*)aPoint)->m_next)->m_next;
((CTreenode*)pFather)->m_son = (CTreenode*)SP;

(((CTreenode*)aPoint)->m_next)->m_next = NULL;

}

else

{ ((CTreenode*)SP)->m_next = NULL:
((CTreenode*)pFather)->m_next = {CTreenode*)SP:;

}

aPoint = SP;

// compute communication cost
int sonl , son2;
if( ((CTreenode*)aPoint)->m_son )
sonl = (((CTreenode*)aPoint)->m_son)>m_commu_cost;
else
sonl =0;
if{ ((CTreenode*)aPoint)->m_son)->m_next )
son2 = ((((CTreenode*)aPoint)->m_son)->m_next)->m_commu_cost;
else
son2 = 0;
((CTreenode*)aPoint)->m_commu_cost = sonl + son2;
}
else

{ // child equal two
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ifl SON_NEXT == NEXT)
{ CElement *SP:

SP = Alloc_Treenode(0. m_Color_Vertex);

((CTreenode*)SP)->m_Task_no = SPACE_NODE;

((CTreenode*)SP)->m_Execute_cost = 0;

((CTreenode*)SP)->m_Vertex_level=
({CTreenode*)aPoint)->m_Vertex_level;

((CTreenode*)SP)->m_father = ((CTreenode*)aPoint)->m_father;

((CTreenode*)SP)->m_son = (CTreenode*)aPoint;

((CTreenode*)SP)->m_next =NULL;

((CTreenode*)SP)->m_commu_cost = 0;

((CTreenode*)SP)->m_CompleteTime = 0;

((CTreenode*)pFather)->m_next = (CTreenode*)SP;

aPoint = SP;

intsonl . son2;

if{ ((CTreenode*)aPoint)=>m_son )

sonl = (((CTreenode*)aPoint)=>m_son)=>m_commu_cost;
else
sonl = 0;
ifl ((CTreenode*)aPoint)->m_son)->m_next )
son2 = ({(((CTreenode*JaPoint)->m_son)->m_next)->m commul_ cost;
else
son2 =10;
((CTreenode*)aPoint)->m_commu_cost =sonl + son2;

}
}/k-ehild >=2
MakeBinaryTree( ((CTreenode*)aPoint)->m_son, aPoint, SON );
MakeBinaryTree( ((CTreenode*)aPoint)->m_next, aPoint, NEXT);
}// end if pElement
H
L T e
void CTree::AssignLevel(CElement *pElement, int aLevel)
{ iflpElement)
{ ((CTreenode*)pElement)->m_Vertex_level = aLevel;
AssignLevel( ((CTreenode*)pElement)->m_son, aLevel + 1 );
AssignLevel( ((CTreenode*)pElement)->m_next, aLevel );

}
e e
void CTree::Deleted_Tree(CElement* pElement)
{ iflpElement)
{ Deleted_Tree(((CTreenode*)pElement)->m_son);



Deleted_Tree(((CTreenode*)pElement)->m_next);
// delete node on a tree
Free Treenode((CTreenode*)pElement);

H
e

CTask::CTask(CRect aRect COLORREF aColor)

{ m_Rect = aRect; m_Color = aColor;
m_StartedTime = 0; m_CompleteTime = 0:
m_Marked =FALSE:

3

L

void CTask::Serialize(CArchive &ar)

{ CElement::Serialize(ar); // call the base class function
iffar.IsStoring()

{ ar<<m_Execute_cost
<<m_Task no
<< m Vertex_level
<< m_Rect
<< m_Marked
<< m_StartedTime
<< m_CompleteTime;

clse

{ ar >> m Execute_cost
>>m Task_no
>>m_Vertex_level
>>m_Rect
>>m_Marked
>>m_StartedTime

>>m_CompleteTime;

}
T e e T g
CConnect::CConnect(CPoint aStart, CPoint aEnd)
{ m_StartPoint = aStart;
m_EndPoint = aEnd;
m_CommuCost = 0;
}
e
void CConnect::Serialize(CArchive &ar)
{ CElement::Serialize(ar); / call the base class function
if(ar.IsStoring())
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{ ar <<m_CommuCost
<< m_StartPoint

<<m_EndPoint;

!

else

{ ar >>m_CommuCost
>>m_StartPoint
>>m_EndPoint;

}

}
Y e e e
CCluster::CCluster(COLORREF aColor)
{ m_Color_vertex = aColor: m_Color_Edge =BLACK:
m_AmountOfVertex = 0;
}
Y L e
void CCluster::Serialize(CArchive &ar)
£ CElement::Serialize(ar); // call the base class function
}
Y e T L T
void CCluster:InitSet(BOOL *pSet_Cluster, int size)
{ for(int i=0; i<size; i++)
{ *(pSet_Cluster + i) = FALSE; }
H
L e T
void CCluster:: TraverseTree(CElement* pElement)
{ CString msg;
if{pElement)

m_Task Total =0;

{ msg.Format(_T(" Task No =T%d Vertex Level =%d Commu = %d"),

((CTreenode*)pElement)->m_Task_no, ((CTreenode*)pElement)->m_Vertex_level,

((CTreenode*)pElement)->m_commu_cost);

AfxMessageBox(msg):

TraverseTree(((CTreenode*)pElement)->m son); TraverseTree(((CTreenode*)pElement)->m_next);

}
e

void CCluster::Allocate_SetOfTask()
{ m_SetTask = new CSingleNode[m_Task_Total];

for(int i=0; i< m_Task_Total; i++)

{ (m_SetTask+i)->m_cost=0;  (m_SetTask+i)->m_level =0;  (m_SetTask+i)->m_number = i+1;

}
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e
CElement* CCluster::Alloc_Task(CRect aRect. COLORREF aColor)
{ return new CTask(aRect, aColor); }

T TR TR EEE R

BOOL CCluster::Free_Task(CTask *pTask)

{ if{pTask != NULL)
{ delete pTask: return TRUE;
}
else
return FALSE;
}

e e e e e e
CElement* CCluster::MakeCluster(CElement *pElement)
{ CElement* pTask;
/1 allocation a new vertex for a Graph
pTask = Alloc Task(0, m_Color_vertex);
// attribute
((CTask*)pTask)->m_Task no  =((CTreenode*)pElement)->m_Task_no;
((CTask*)pTask)->m_Execute_cost= ((CTreenode*)pElement)->m_Execute_cost;
((CTask*)pTask)->m_Vertex_level = ((CTreenode*)pElement)->m_Vertex_level;
((CTask*)pTask)->m_First_edge = NULL: ((CTask*)pTask)->m_Next vertex = NULL;
((CTask*)pTask)->m _StartedTime =0;  ((CTask*)pTask)->m_Marked = FALSE;
return pTask;
}
e e
void CCluster;:OperationSet(BOOL *pSetleft, BOOL *pSetRight, BOOL *pResult, int pOperation)
{ int i=0;
switch(pOperation)
{ case UNION:
for(i=0; i<m_Task_Total; i++)

{
ifl (*(pSetLeft+i)== TRUE ) || (*(pSetRight+i) = TRUE) )
*(pResult+i) = TRUE;
else
*(pResult+i) = FALSE;
}
break;
case INTERSECT:

for(i= 0; i< m_Task_Total; i++)
{
if{ (*(pSetLeft+i)== TRUE ) && (*(pSetRight+i) = TRUE))
*(pResult+i) = TRUE;
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else
*(pResult+i) = FALSE;
H
break;

case INVERSE_INTERSECT:
for(i=0; i< m_Task_Total; i++)

{
ifl (*(pSetLefi+i)== TRUE ) && (*(pSetRight+i) == TRUE))
*(pResult+i) = FALSE;
else iff (*(pSetLefi+i)== FALSE ) && (*(pSetRight+i) == FALSE))
*(pResult+i) = FALSE;
clse
*(pResult+i) = TRUE;
1
break;

}
e L L e
BOOL CCluster::CheckEmptySet(BOOL *pSetLeft, BOOL. *pSetRight)
{
BOOL *SetOfTask; BOOL result = FALSE;
SetOfTask = new BOOL[m_Task_Total};
InitSet(SetOfTask. m_Task_Total);
OperationSet(pSetleft, pSetRight, SetOfTask, INTERSECT);
for(int i=0; i< m_Task_Total; i++)

{ if{ *(SetOfTask+i) == TRUE)
{ result = FALSE;
return result;
}
else
result = TRUE;
}
delete [ ] SetOfTask;
return result;

}
e e e e e
int CCluster::Get_ExecuteCost(int pTaskNo)
{ for(int i=0; i< m_Task_Total; i++)

{ if{ (m_SetTask+i)->m_number == pTaskNo )

return (m_SetTask+i)->m_cost;



}
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return 0;

e e e e

int CCluster::CompletionTime(BOOL *pSetOfTask)

{

}

int aTotalExecute = 0;
for(int i=0; i <m_Task_Total; i++)
{ if{ *(pSetOfTask+i) = TRUE)
aTotalExecute += Get_ExecuteCost(i+1);
H

return aTotalExecute;

e e e

void CCluster:: AdaptiveTaskCluster(CElement *pElement. int &pCommuCost..int &pStartedTime, int &pCompletedTime,

BOOL *pSetTaskChild)

int MAX_L, MAX R, MAX_V; int MIN_LR;

int aLEFT =0, aRIGHT = 0;

int aCommuCost_L=0, aCommuCost R=0: int aStartedTime_L=0, aStartedTime R=0;

int aStartedTime_V=0; int aCompletedTime_L=0, aCompletedTime_R=0;

BOOL *aSetOfTask_L, *aSetOfTask R:

BQOL *aSetOfTask_V, *aSetOfTask;

CString msg;

aSetOfTask_L =new BOOL[m_Task _Total): aSetOfFask R = new BOOL[m_Task_Total];
aSetOfTask_V = new BOOL[m_Task_Total); aSetOfTask = new BOOL[m_Task_Total]:

memset(aSetOfTask L, "\0', sizeoftBOOL) * (m_Task _Total));
memset(aSetOfTask_R, 0", sizeof{fBOOL) * (m_Task Total)):
memset(aSetOfTask_V, \0'; sizeof(BOOL) * (m Task Total));
memset(aSetOfTask, \0', sizeof(BOOL) * (m_Task_Total));

InitSet(aSetOfTask_L, m_Task_Total);  InitSet(aSetOfTask R, m_Task Total);
InitSet(aSetOfTask_V, m Task_Total); InitSet(aSetOfTask, m.Task Total);

if(pElement)
{ if{ !/((CTreenode*)pElement)->m son )
{ //make cluster
pStartedTime = 0;
pCommuCost = ((CTreenode*)pElement)->m_commu_cost;
pCompletedTime = ((CTreenode*)pElement)->m_Execute_cost + pStartedTime;
*(pSetTaskChild+( ((CTreenode*)pElement)->m_Task_no - 1)) = TRUE;
}
else
{ // left child

AdaptiveTaskCluster(((CTreenode* )pElement)->m_son, aCommuCost L.,
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aStartedTime_L, aCompletedTime_L, aSetOfTask_L);

// right child
AdaptiveTaskCluster((({CTreenode*)pElement)->m_son)->m_next, aCommuCost_R,

aStartedTime R. aCompletedTime_R, aSetOfTask_R);
MAX L = max(aCompletedTime_L + aCommuCost_L, aCompletedTime R);
MAX R = max(aCompletedTime_L, aCompletedTime R +aCommuCost_R):
InitSet(aSetOfTask, m_Task Total);
OperationSet(aSetOfTask_L,aSetOfTask_R, aSetOfTask, UNION);
MAX_V = CompletionTime(aSetOfTask);
MIN_LR =min(MAX_L, MAX_R);

//for space node that task number equals Space Node

if{ ((CTreenode*)pElement)->m_Task no == SPACE NODE)

{ InitSet(aSetOfTask, m_Task_Total); /finit for current node
OperationSet(aSetOfTask L, aSetOfTask_R, aSetOfTask, UNION);
OperationSet(aSetOfTask, pSetTaskChild, pSetTaskChild, UNION);
pStartedTime = CompletionTime(pSetTaskChild);
pCommuCost = ((CTreenode* )pElement)->m_commu. cost;

1

else iNMIN_LR < MAX_V)

{ InitSet(aSetOfTask, m_Task_Total);
aLEFT = aCompletedTime_L +aCommuCost_L;
aRIGHT = aCompletedTime R + aCommuCost R:
iflaLEFT > aRIGHT)

{ #combine with left side
OperationSet(aSetOfTask_L, aSetOfTask, aSetOfTask,UNION);
if(pSetTaskChild == NULL)
OperationSet(aSetOfTask, aSetOfTask_V, aSetOfTask_V, UNION);
else
OperationSet(aSetOfTask, pSetTaskChild, pSetTaskChild, UNION):
Insert_SetOfTaskCluster(aSetOfTask R);
}
else // aLEFT <aRIGHT
{ // combine with right side
OperationSet(aSetOfTask_R, aSetOfTask, aSetOfTask, UNION);
if(pSetTaskChild == NULL)
OperationSet(aSetOfTask, aSetOfTask_V, aSetOfTask_V, UNION);
else
OperationSet(aSetOfTask, pSetTaskChild, pSetTaskChild, UNION);
Insert_SetOfTaskCluster(aSetOfTask_L);



if(pSetTaskChild == NULL) insert final cluster
{ *(aSetOfTask_V+( ((CTreenode*)pElement)->m_Task _no - 1)) = TRUE;
//Debug_Packet(aSetOfTask_V);
Insert_SetOfTaskCluster(aSetOfTask_V);
!
else
*(pSetTaskChild+( ((CTreenode*)pElement)->m_Task_no - 1)) = TRUE;
pStartedTime = MIN_LR;
pCommuCost = ((CTreenode*)pElement)->m_commu_cost:
}
else if(MIN_LR >= MAX_V)
{ /f check empty set
if{CheckEmptySet(aSetOfTask L, aSetOfTask_R))
{ InitSet(aSetOfTask, m_Task_Total);
OperationSet(aSetOfTask L, aSetOfTask_R, aSetOfTask,UNION);
if{ pSetTaskChild == NULL)

{ - OperationSet(aSetOfTask, aSetOfTask 'V, aSetOfTask_V, UNION);
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*(aSetOfTask V+( ((CTreenode*)pElement)->m Task no - 1)) = TRUE;

//Debug_Packet(aSetOfTask_V);
Insert_SetOfTaskCluster(aSetOfTask V);
}

else

{ OperationSet(aSetOfTask, pSetTaskChild, pSetTaskChild, UNION);

*(pSetTaskChild+( (((CTreenode*)pElement)>>m_Task_no) - 1)) = TRUE;

}
{/Debug_Packet(pSetTaskChild);
pStartedTime = aCompletedTime_L + aCompletedTime R;
pCommuCost = ((CTreenode*)pElement)->m_commu_cost;
}
else if{(CheckMemberSet(aSetOfTask L, aSetOfTask_R)) ||
(CheckMemberSet(aSetOfTask_R, aSetOfTask_L)) )
{ InitSet(aSetOfTask, m_Task_Total);
if{CheckMemberSet(aSetOfTask L, aSetOfTask_R))
{ if{pSetTaskChild == NULL)
{ OperationSet(aSetOfTask_R, aSetOfTask_V, aSetOfTask_V,
UNION);
*(aSetOfTask_VH( ((CTreenode*)pElement)->m_Task_no - 1))

= TRUE;

//Debug_Packet(aSetOfTask_V);
Insert_SetOfTaskCluster(aSetOfTask_V);
}

else
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{ OperationSet(aSetOfTask_R, pSetTaskChild, pSetTaskChild,
UNION);
*(pSetTaskChild+( ((CTreenode*)pElement)->m_Task_no - 1))
= TRUE;
}
pStartedTime = aCompletedTime_R;
}
clse
{ if(pSetTaskChild == NULL)
{ OperationSet(aSetOfTask_L, aSetOfTask V, aSetOfTask_V,
‘UNION);
*(aSetOfTask_V+( (CTreenode*)pElement)->m_Task_no - 1))
=TRUE;
//Debug_Packet(aSetOfTask_V);
Insert_SetOfTaskCluster(aSetOfTask_V);
)
else
{ OperationSet(aSetOfTask_L. pSetTaskChild, pSetTaskChild,
UNION);
*(pSetTaskChild+( ((CTreenode*)pElement)->m_Task_no - 1))
=TRUE;
H
pStartedTime = aCompletedTime_L;
}
pCommuCost = ((CTreenode*)pElement)->m_commu_cost;

else
{ InitSet(aSetOfTask, m_Task _Total);
aLEFT = aCompletedTime_L + aCommuCost_L;
aRIGHT = aCompletedTime_R + aCommuCost_R;
ifaLEFT > aRIGHT)
{ /! combine with left side
OperationSet(aSetOfTask_L, aSetOfTask, aSetOfTask,UNION);
if(pSetTaskChild = NULL)
OperationSet(aSetOfTask, aSetOfTask_V, aSetOfTask_V,
UNION);
else
OperationSet(aSetOfTask, pSetTaskChild, pSetTaskChild,
UNION);
/[Debug_Packet(aSetOfTask _R);
Insert_SetOfTaskCluster(aSetOfTask_R);
}
else // aLEFT < aRIGHT
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{ // combine with right side
OperationSet(aSetOfTask R, aSetOfTask, aSetOfTask. UNION):
if(pSetTaskChild == NULL)

OperationSet(aSetOfTask, aSetOfTask_V, aSetOfTask_V, UNION):;
else
OperationSet(aSetOfTask, pSetTaskChild, pSetTaskChild, UNION);

//Debug_Packet(aSetOfTask L);
Insert_SetOfTaskCluster(aSetOfTask_L);

H

if{pSetTaskChild = NULL)/ insert final cluster

{ *(aSetOfTask_V+( ((CTreenode*)pElement)->m_Task no - 1))

=TRUE;

//Debug_Packet(aSetOfTask_V);
Insert_SetOfTaskCluster(aSetOfTask V);

}

else
*(pSetTaskChild+( ((CTreenode*)pElement)->m_Task no - 1))

=TRLUE;
pStartedTime = MIN. LR:
pCommuCost = ((CTrecnode")pElcmcn&bm_cammu_cost;

)
pCompletedTime = pStartedTime + ((CT) reenode*)pElement)->m_Execute_cost;

}
else
{ pCommuCost = 0;
pStartedTime = 0;
pCompletedTime = 0;
[nitSet(pSetTaskChild, m_Task Total):
}

delete [ ] aSetOfTask_L;

delete [ ] aSetOfTask _R;

delete [ ] aSetOfTask_V;

delete [ ] aSetOfTask;
}
T T
void CCluster::Put_TotalTask(int pTotalTask)
{ m_Task_Total = pTotalTask; }
HHTHTE T T
void CCluster::Insert_SetOfTaskCluster(BOOL *pSetOfTask)
{ m_CSetTask = new CSetTask(m_ Task_Total);
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ifl!m_CSetTask)
{ AfxMessageBox(_T("Connot allocate memory for a set of task cluser")):
return;
}
for(int i=0; i< m_Task_Total; i++)
{ if{ *(pSetOfTask+i) == TRUE)
*(m_CSetTask->m_SetCluster + i) = 1;
else
*(m_CSetTask->m_SetCluster + i) = 0;
}
m_ArrayTaskCluster. AddTail(m_CSetTask);
H
L e g
CSetTask* CCluster:Get_SetOfTaskCluster()
{ POSITION aPos;
aPos = m_ArrayTaskCluster.GetTailPosition();
ifaPos)
{ CS8etTask *CObj = m_AmrayTaskCluster.GetPrev(aPos);
m_ArrayTaskCluster. RemoveTail();
return CObj;

else
return NULL;
}
T T L R T TR
void CCluster::Del_SetOfTaskCluster(CSetTask *pSetOfTask)
{ if(pSetOfTask)
{ POSITION aPosition = m_ArrayTaskCluster.Find(pSetOfTask):

m_ArrayTaskCluster.RemoveAt(aPosition);

}
T L LT LT R LT
BOOL CCluster:Empty_SetOfTaskCluster()
{ POSITION aPos;
aPos = m_ArrayTaskCluster.GetTailPosition();
if(aPos)
return FALSE;
else
return TRUE;
}
e
/I Every element is a set of pSetDestinate
BOOL CCluster::CheckMemberSet(BOOL *pSetSource, BOOL *pSetDestinate)



{ BOOL result = FALSE;
for(int i =0; i<m_Task_Total: i++)
{ if( *(pSetSource + i) == TRUE)
{ if( *(pSetDestinate + i) == TRUE )
result = TRUE;
else
{ result = FALSE:

return result;

'

return result;
}
.
int CCluster::Get_TotalTask()
{ return m_Task_Total; |
L
void CCluster::ScheduleOfTask()
{ }
L e
void CCluster::Debug_Packet(BY TE *pPacket)
{ BYTE *packet; int i=0;

packet = new BYTE[m_Task Total];

memset(packet, "0', m_Task_Total);

for(i=0; i<m_Task_Total; i++)

{ if( *(pPacket+i) = 1)
*(packet+i) = 1;
else
*(packet+i) =0;
}
CString msg;

msg.Format(_T("[%d][%d][%ed][%d][%d][%d][%d][%d][%d}[%d]"),
*(packet), *(packet+1), *(packet+2), *(packet+3), *(packet+4),
*(packet+5), *(packet+6), *(packet+7), *(packet+8), *(packet+9)):

AfxMessageBox(msg); delete [ ] packet;
}
L
CNodeBi* CCluster::Alloc_NodeBi()
{ return new CNodeBi(); }
T L I T
CNodeBi* CCluster::MakeBiTree(int KeyValue)
{ CNodeBi *aElement;
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aElement = Alloc_NodeBi(): aElement->info = KeyValue:
aElement->left = NULL: aElement->right = NULL:
return aElement;
H
W I
BOOL CCluster::SetLefiBiTree(CNodeBi *pBiTree, int KeyValue)
{ if(!pBiTree)
return FALSE;
if(pBiTree->left = NULL)

return FALSE;

else

{ pBiTree->left = MakeBiTree(KeyValue):
return TRUE;

}

H
L
BOOL CCluster::SetRightBiTree(CNodeBi *pBiTree, int KeyValue)

{ if(!pBiTree)
return FALSE:
if{pBiTree->right |= NULL)
return FALSE;
else
{ pBiTree->right = MakeBiTree(KeyValue); return TRUE;
}

e
BOOL CCluster::InsertNodeOnBiTree(CNodeBi *pRooted, int KeyValue)
{ CNodeBi *p,*q;
P=q=0;
ifli!pRooted)
{ pRooted = MakeBiTree(KeyValue); }
else
{ P=q = pRooted;
while((p->info '= KeyValue) && (g != NULL))
{ p=gq;
iflfKeyValue < p->info)
q=p->left;
else
q = p->right;
} / end whild
iflKeyValue == p->info)
return FALSE;
else iflKeyValue < p->info)
SetLeftBiTree(p, KeyValue);
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else
SetRightBiTree(p, KeyValue);
}
return TRUE:

H

ST T B 10 U L A

void CCluster::DeleteBiTree(CNodeBi *pPoint)

{ if{pPoint)
{ DeleteBiTree(pPoint->left); DeleteBiTree(pPoint->right);
delete pPoint;
}
}

T
void CCluster::TraverseBiTree(CNodeBi *pPoint)
{ CString msg;
iflpPoint)
{ TraverseBiTree(pPoint->left);
msg.Format(_T("BiTree Task No [%d]"). pPoint->info);
AfxMessageBox(msg);
TraverseBiTree(pPoint->right);

}
T e s 0

void CCluster::GetSinkNode OnBiTree(CNodeBi *pPoint,CSingleNode *pArrayNode, int aSize)

{ ifpPoint)
{ GetSinkNode_OnBiTree(pPoint->left, pArrayNode, aSize):
A \ o

while((pArrayNode+i)->m_number I= 0)

i++;
(pAmrayNode+i)->m_number = pPoint->info;
(pArrayNode+i)->m_cost = 0;
GetSinkNode_OnBiTree(pPoint->right, pArrayNode, aSize);

}
TR T

CLinkList *CCluster::MakeLinkList(int pInfo)

{ CLinkList *aNodeList; aNodeList = new CLinkList();
aNodeList->info = plnfo; aNodeList->pNextNode = NULL;
return aNodeList;

} ¢

T T

CLinkList *CCluster::GetTailLinkList(CLinkList *pLinkList, int &plnfo)

{ CLinkList *pCurr, *pPrev, *pPPrev;
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pCurr = pPrev = pPPrev = NULL;
if(!pLinkList)
return NULL;
else
{ pCurr = pPrev = pPPrev = pLinkList;
while(pCurr)
{ if(pPPrev != pPrev)
pPPrev = pPrev;
pPrev = pCurr;
pCurr = pCurr->pNextNode;
H
pInfo = pPrev->info;
if(pPPrev != pPrev)
pPPrev->pNextNode = NULL;
delete pPrev; pPrev.=NULL;
iflpLinkList)
return pLinkList;
else

return NULL;

H
L e
CLinkList *CCluster::InsertToLinkList{(CLinkList *pLinkList, int pInfo)
{ CLinkList *pCurrent, *pPrev;

pCurrent = pPrev = NULL;

if(!pLinkList)
{ pLinkList = MakeLinkList(pInfo); }
else
{ pCurrent = pPrev =pLinkList;
while(pCurrent)
{ pPrev = pCurrent;
pCurrent = pCurrent->pNextNode;
}
pPrev->pNextNode = MakeLinkList(pinfo);
}
return pLinkList;

}
T R I I
void CCluster::FreeLinkList(CLinkList *pLinkList)
H CLinkList *pCurr, *pNext;
pCurr = pNext = 0;
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pCurr = pNext = pLinkList;

while(pCurr)

{ pNext = pCurr->pNextNode; delete pCurr;
pCurr = NULL,; pCurr = pNext:

4

}
e

void CCluster::PushMakeSpan(int *pLinkMakeSpan, int info)

{ int *pTmpLink;
pTmpLink = pLinkMakeSpan;
while(pTmpLink)
{ if{ *pTmpLink == 0)
{ *pTmpLink = info;
break;
}
pTmpLink++;
H
}

g
int CCluster::PopMakeSpan(int *pLinkMakeSpan)
{ int makespan=0;  int index=0;
while(pLinkMakeSpan + index)
{ if(*(pLinkMakeSpan+index) = 0)
break;
index++;
b
index--;
makespan = *(pLinkMakeSpan+index);
*(pLinkMakeSpan+index) = 0:

return makespan;
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L e

/7 ATCS.h File

e

// ATCS.h : main header file for the ATCS application
i

#if \defined(AFX_ATCS_H__DAG60A495_30EB_11D3_93C5_00AOC92CFD9E_ INCLUDED )
#define AFX_ATCS_H_ DAG60A495_30EB_11D3_93C5_00A0C92CFDSE_ INCLUDED

#if _MSC_VER > 1000

#pragma once
#endif // _MSC_VER > 1000



#lifndef AFXWIN H

#error include 'stdafx.h' before including this file for PCH

#endif
#include "resource.h”  // main symbols
TR T LT LT ]
1/t CATCSApp:
/l See ATCS.cpp for the implementation of this class
class CATCSApp : public CWinApp
{
public:

CATCSApp():

/1 Overrides

// ClassWizard generated virtual function overrides

H{{AFX_VIRTUAL(CATCSApp)
public:
virtual BOOL InitInstance();
I/Y}AFX_VIRTUAL

{// Implementation
/I{{AFX_MSG(CATCSApp)
afx_msg void OnAppAbout();

// NOTE - the ClassWizard will add and remove member functions here.
# DO NOT EDIT what you see in these blocks of generated code !

I/} AFX-MSG
DECLARE_MESSAGE_MAP()
5
LT T T LT LTI R LU L L
H{{AFX_INSERT_LOCATION}}

/I Microsoft Visual C++ will insert additional declarations immediately before the previous line.

#endif // !defined(AFX_ATCS_H._DA60A495_30EB_11D3_93C5_00A0C92CEDYE_ INCLUDED )
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e e

I ATCS.cpp File

L

/I ATCS.cpp : Defines the class behaviors for the application.

I

#include "stdafx.h"
tfinclude "ATCS.h"
#include "MainFrm.h"
#include "ChildFrm.h"
#include "Graph.h"
#include "ATCSDoc.h"
#include "ATCSView.h"
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#ifdef DEBUG
#define new DEBUG _NEW
#undef THIS_FILE
static char THIS_FILE[] = _ FILE ;
#endif
T R e
// CATCSApp
BEGIN_MESSAGE _MAP(CATCSApp, CWinApp)
H{{AFX_MSG_MAP(CATCSApp)
ON_COMMAND(ID_APP_ABOUT, OnAppAbout)
// NOTE - the ClassWizard will add and remove mapping macros here.
// DO NOT EDIT what you see in these blocks of generated code!
/[}}AFX_MSG_MAP
// Standard file based document commands
ON_COMMAND(ID_FILE_NEW, CWinApp::OnFileNew)
ON_COMMAND(ID_FILE_OPEN, CWinApp::OnFileOpen)
// Standard print setup command
ON_COMMAND(ID_FILE_PRINT _SETUP, CWinApp::OnFilePrintSetup)
END_MESSAGE _MAP(
e e e e e
#/ CATCSApp construction
CATCSApp::CATCSApp()
{ // TODO: add construction code here,
// Place all significant initialization in Initinstance
}
T T e g e e
// The one and only CATCSApp object
CATCSApp theApp;
e T
/ CATCSApp initialization
BOOL CATCSApp::InitInstance()
{ AfxEnableControlContainer();
// Standard initialization
/1 If you are not using these features and wish to reduce the size
il of your final executable, you should remove from the following
/I the specific initialization routines you do not need.
#ifdef AFXDLL
Enable3dControls(); /I Call this when using MFC in a shared DLL
felse
Enable3dControlsStatic(); // Call this when linking to MFC statically
Hendif
/I Change the registry key under which our settings are stored.
// TODO: You should modify this string to be something appropriate
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// such as the name of your company or organization.
SetRegistryKey(_T("Local AppWizard-Generated Applications"));
LoadStdProfileSettings(); // Load standard INI file options (including MRU)
/I Register the application's document templates. Document templates
/I serve as the connection between documents, frame windows and views.
CMultiDocTemplate* pDocTemplate;
pDocTemplate = new CMultiDocTemplate(
IDR_ATCSTYPE,
RUNTIME_CLASS(CATCSDoc),
RUNTIME_CLASS(CChildFrame), // custom MDI child frame
RUNTIME_CLASS(CATCSView));
AddDocTemplate(pDocTemplate);

/f create main MDI Frame window

CMainFrame* pMainFrame = new CMainFramg;

if ({pMainFrame->LoadFrame(IDR_MAINFRAME))
return FALSE;

m_pMainWnd = pMainFrame;

/I Parse command line for standard shell commands, DDE, file open
CCommandLinelnfo cmdlInfo:
ParseCommandLine(cmdinfo);

// Dispatch commands specified on the command line
if (1ProcessShellCommand(cmdinfo))
return FALSE;

// The main window has been initialized, so show and update it.
/lpMainFrame->ShowWindow(m_nCmdShow);
pMainFrame->ShowWindow(SW_MAXIMIZE);
pMainFrame->UpdateWindow();
return TRUE;

}

e e T

// CAboutDIg dialog used for App About

class CAboutDlg : public CDialog

{
public:

CAboutDIg();
// Dialog Data

H{{AFX_DATA(CAboutDlg)
enum { IDD = IDD_ABOUTBOX };
/I}}AFX_DATA



// ClassWizard generated virtual function overrides
H{{AFX_VIRTUAL(CAboutDlg)

protected:

virtual void DoDataExchange(CDataExchange* pDX);
/I}YAFX_VIRTUAL

// Implementation

protected:
{{AFX_MSG(CAboutDig)
// No message handlers
1} }AFX_MSG
DECLARE_MESSAGE_MAP()
H

L e T e
CAboutDlg:CAboutDlg() : CDialog(CAboutDig::1DD)
{ I{{AFX_DATA_INIT(CAboutDlg)
I} YAFX_DATA_INIT
}
N T e e
void CAboutDlg::DoDataExchange(CDataExchange* pDX)
{ CDialog::DoDataExchange(pDX);
H{{AFX_DATA MAP(CAboutDlg)
I }AEX: DATA_MAP
}
T T e e e e T T
BEGIN_MESSAGE_MAP(CAboutDlg, CDialog)
H{{AFX_MSG_MAP(CAboutDlg)
# No message handlers
i1} }AFX_MSG MAP
END_MESSAGE_MAP()
e
// App command to run the dialog
void CATCS App::OnAppAbout()
{ CAboutDlg aboutDlg;
aboutDIlg.DoModal();
}
T T T R T R T
I CATCSApp message handlers

// DDX/DDV support
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" MainFrm.h File

g

// MainFrm.h : interface of the CMainFrame class
i
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#if Idefined(AFX_MAINFRM_H__ DA60A499 30EB_11D3_93C5_00A0C92CFDIE_ INCLUDED )
#define AFX_MAINFRM_H_ DA60A499 30EB_11D3 93C5_00A0C92CFDYE_ INCLUDED

#if _MSC_VER > 1000
#pragma once
#endif // _MSC_VER > 1000

class CMainFrame : public CMDIFrameWnd
{ DECLARE_DYNAMIC(CMainFrame)
public:
CMainFrame();
/I Attributes
public:
/l Operations
public:
/I Overrides
// ClassWizard generated virtual function overrides
/I{{AFX_VIRTUAL(CMainFrame)
virtual BOOL PreCreateWindow(CREATESTRUCT&: ¢s);
/Y YAFX_VIRTUAL
/ Tmplementation
public:
virtual ~CMainFrame();
#ifdef DEBUG
virtual void AssertValid() const;
virtual void Dump(CDumpContexté& dc) const:
#endif
protected: // control bar embedded members
CStatsBar m_wndStatusBar;
CToolBar m_wndToolBar;
/l Generated message map functions
protected:
BOOL CreateStatusBar();
M{{AFX_MSG(CMainFrame)
afx_msg int OnCreate(LPCREATESTRUCT IpCreateStruct);
/I NOTE - the ClassWizard will add and remove member functions here.
// DO NOT EDIT what you see in these blocks of generated code!
I} YAFX_MSG
DECLARE_MESSAGE_MAP()
¥
/I{{AFX_INSERT_LOCATION}}
// Microsoft Visual C++ will insert additional declarations immediately before the previous line.
#endif // \defined(AFX_MAINFRM_H_ DA60A499 30EB_11D3_93C5_00AOC92CFDYE_ INCLUDED )
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L e e e
1 MainFrm.cpp File
e e e e
// MainFrm.cpp : implementation of the CMainFrame class
7
#include "stdafx.h"
#include "ATCS.h"
#include "MainFrm.h"
#ifdef DEBUG
#define new DEBUG_NEW
#undef THIS_FILE
static char THIS_FILE[] = _ FILE_;
#endif
Y
/l CMainFrame
IMPLEMENT DYNAMIC(CMainFrame, CMDIFrameWnd)
BEGIN MESSAGE_MAP(CMainFrame, CMDIFrameWnd)
/I{{AFX_MSG_MAP(CMainFrame)
/ NOTE - the ClassWizard will add and remove mapping macros here.
#* DO NOT EDIT what you see in these blocks of generated code !
ON_WM_CREATE()
//}}AFX_MSG_MAP
END MESSAGE_MAP()
e T e
// CMainFrame construction/destruction
CMainFrame::CMainFrame()
{ // TODOQ: add member initialization code here 3
CMainFrame::~CMainFrame()
{ }
e L
int CMainFrame::OnCreate(LPCREATESTRUCT IpCreateStruct)
{ if (CMDIFrameWnd::OnCreate(IpCreateStruct) = -1)
return =1;
/im_wndToolBar.Create(this);
if (!m_wndToolBar.CreateEx(this, TBSTYLE_FLAT, WS_CHILD | WS_VISIBLE | CBRS_TOP
| CBRS_GRIPPER | CBRS_TOOLTIPS | CBRS_FLYBY | CBRS_SIZE_DYNAMIC) ||
!m_wndToolBar.LoadToolBar(IDR_MAINFRAME))
{ TRACEO("Failed to create toolbar\n");
return-1;  // fail to create

if{!CreateStatusBar())

return -1;
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// TODQ: Delete these three lines if you don't want the toolbar to
/I be dockable
m_wndToolBar.EnableDocking(CBRS_ALIGN_ANY):
EnableDocking(CBRS_ALIGN_ANY);
DockControlBar(&m_wndToolBar):
return 0:
i
e e e
BOOL CMainFrame::PreCreateWindow(CREATESTRUCT& cs)
{ ifl \CMDIFrameWnd::PreCreateWindow(cs) )
return FALSE;
// TODO: Modify the Window class or styles here by modifying
/I the CREATESTRUCT cs
cs.style &=~FWS_ADDTOTITLE;
retumn TRUE;
¥
e e e
BOOL CMainFrame::CreateStatusBar()
{ static UINT niIndicators[] =
{ ID_SEPARATOR, /I status line indicator
ID_INDICATOR_SINGLE_P,
ID_INDICATOR_MAKESPAN,
ID_INDICATOR_SCHEDULE,
ID_INDICATOR SPEEDUP
&
if{!m_wndStatusBar.Create(this))
return FALSE;
m_wndStatusBar.SetIndicators(nIndicators, 6);
return TRUE;
}
T T LT R LRI LT
// CMainFrame diagnostics
#ifdef _DEBUG
void CMainFrame:: AssertValid() const
{ CMDIFrameWnd:: AssertValid(); }
W T T
void CMainFrame::Dump(CDumpContext& dc) const
{ CMDIFrameWnd::Dump(dc); }
#endif /_DEBUG
IR T L T T
/f CMainFrame message handlers
e
" ATCSDoc.h File
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T e
/1t ATCSDoc.h : interface of the CATCSDoc class
"
#if 1defined(AFX_ATCSDOC_H__DA60A49D_30EB_1 1D3_93C5_00AOC92CFDYE_INCLUDED )
#define AFX_ATCSDOC_H_ DAGOA49D_30EB_I1D3_93C5_00A0C92CFDIE_ INCLUDED_
#if MSC_VER > 1000
#pragma once
#endif / _MSC_VER > 1000
e e s
class CATCSDoc : public CDocument
{
protected: // create from serialization only
CATCSDoc();
DECLARE_DYNCREATE(CATCSDoc)
/1 Attributes
pubiic:
int  m TOTAL_VERTEX; # Amount of task on graph
int m TOTAL ARC;
COLORREF m_Color;
BOOL m StatGraph;  /#/ Check To create whether graph complete
int m SizeLevel:
CRect. m_Cell:
int ~m_StageShown;
TR e
{/ The following variable does not fill into serialize
BOOL m StateTREE;
BOOL m StateBITREE:
BOOL m_ StateCLUSTER;
BOOL. 'm_StateSCHEDULE;
TR ]
protected:
CSize m_DocSize; // set Document size
int m_PenWidth:
CTypedPtrList<CObList, CElement*>m_NodeList;
CTypedPtrList<CObList, CElement*> m_ArcList;
CTypedPtrList<CObList, CElement*> m_ObjectList;
CTypedPtrList<CObList, CElement*> m_ObjectCluster;
CTypedPtrList<CObList, CElement*> m_aSetOfTaskCluster;
M R L R T
// used for stack operation on edge and father
CTypedPtrList<CObList, CElement*> m_StackFather;
CTypedPtrList<CObList, CElement*> m_StackEdge;
CTypedPtrList<CObList, CElement*> m_ArrayTree;



// Operations

public:

// Overrides

CTypedPtrList<CObList. CElement*> m_BinaryTree:
CTypedPtrList<CObList, CElement*> m_Cluster;
CTypedPuList<CObList, CElement*> m_ScheduleCluster:

/I used for a list pointer of several trees
CTypedPtrList<CObList. CElement*> m_ObjectTree:
CTypedPtrList<CObList. CElement*> m_ObjectBiTree:

// ClassWizard generated virtual function overrides
JH{{AFX_VIRTUAL(CATCSDoc)

public:

virtual BOOL OnNewDocument();

virtual void Serialize(CArchive& ar);
/IYYAFX_VIRTUAL

CSize GetDoeSize()

{return m_DocSize;}

COLORREF GetColor()

{retum m_Color;}

/f for node

void AddNode(CElement* pNode)

{ m_NodeList. AddTail{pNode):
SetModifiedFlag();

POSITION GetListHeadPosition( )

{return m_NodeList.GetHeadPosition( ); }

CElement* GetNext(POSITION& aPos)
{return m_NodeList.GetNext(aPos); }

POSITION GetListTailPosition()

{return m_NodeList.GetTailPosition();}

CElement *GetPrev(POSITION &aPos)
{retun m_NodeList.GetPrev(aPos); }

void Clean_Node(); .

BOOL EmptyNode()
{ POSITION aPos;
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aPos = m_NodeList.GetTailPosition();

if(aPos)
return FALSE;
else

return TRUE;

void DeleteElement(CElement *pElement); //Delete an element

WHITHEHEET TR

/I for arc

void AddArc(CElement* pArc)

{
m_ArcList. AddTail(pArc);
SetModifiedFlag();

}

POSITION GetArcListHeadPosition()

{ return m_ArcList.GetHeadPosition(); }

CElement* GetArcNext(POSITION& aPos)
{ return m_ArcList.GetNext(aPos); }

POSITION GetArcListTailPosition()

{ return m_ArcList.GetTailPosition(); }

CElement* GetArcPrev(POSITION &aPos)
{ return m_AreList.GetPrev(aPos); }

void Clean_Arc();
BOOL EmptyArc()
{ POSITION aPos;
aPos = m_ArcList.GetTailPosition();
iflaPos)
return FALSE;
else
return TRUE;
H

void Delete Arc(CElement *pElement); //delete an arc

HHHHH T e e

// for all object

void AddObject(CElement* pNode)

{ m_ObjectList. AddTail(pNode);
SetModifiedFlag();

208



POSITION GetListHeadObjectPosition()

{return m_ObjectList.GetHeadPosition(); }

CElement* GetNextObject(POSITION& aPos)

{return m_ObjectList.GetNext(aPos); }

POSITION GetListTailObjectPosition()

{return m_ObjectList.GetTailPosition(); }

CElement *GetPrevObject(POSITION &aPos)

{return m_ObjectList.GetPrev(aPos); }

void DeleteObject(CElement *pElement); //Delete an element

void InitObject():

BOOL EmptyObject()
{ POSITION aPos;
aPos = m_ObjectList.GetHeadPosition();
if(aPos)
return FALSE:
else
return TRUE;
}
T L T T
// for object cluster
void AddObjCluster(CElement* pNode)
{ m_ObjectCluster. AddTail(pNode);
SetModifiedFlag():

POSITION GetListHeadObjClusterPosition()

{return m_ObjectCluster.GetHeadPosition(); }

CElement* GetNextObjCluster(POSITION& aPos)
{return m_ObjectCluster.GetNext(aPos); }

POSITION GetListTailObjClusterPosition()

{return m_ObjectCluster.GetTailPosition();}

CElement *GetPrevObjCluste(POSITION &aPos)
{return m_ObjectCluster.GetPrev(aPos); }
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void InitObjCluster();

void DeleteObjCluster(CElement *pElement): //Delete an element

BOOL EmptyObjCluster()
{ POSITION aPos;
aPos = m_ObjectCluster.GetTailPosition();
iflaPos)
return FALSE;
else
return TRUE;
}
T L
void Add_aSetOfTaskCluster(CElement* pNode)
{ m_aSetOfTaskCluster. AddTail(pNode);
SetModifiedFlag();

POSITION Get_aSetOfTaskCluster()
{return m_aSetOfTaskCluster.GetHeadPosition(); }

CElement* GetNext aSetOfTaskCluster(POSITION& aPos)

{return m_aSetOfTaskCluster.GetNext(aPos): }

POSITION GetTail aSetOfTaskCluster()

{retum m_aSetOfTaskCluster.GetTailPosition();}

CElement *GetPrev_aSetOfTaskCluster(POSITION &aPos)

{return m_aSetOfTaskCluster.GetPrev(aPos); }

void Delete_aSetOfTaskCluster(CElement *pElement);

void Init_aSetOfTaskCluster();

BOOL Empty_aSetOfTaskCluster()
{ POSITION aPos;

aPos = m_aSetOfTaskCluster.GetTailPosition();

if(aPos)
return FALSE;
else

return TRUE;
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// for object tree list

void AddObject_Tree(CElement* pNode)

{ m_ObjectTree.AddTail(pNode);
SetModifiedFlag():

POSITION GetHeadObject_TreePosition()
{ return m_ObjectTree.GetHeadPosition(); }

CElement* GetNextObject_Tree(POSITION& aPos)
{ return m_ObjectTree.GetNext(aPos); }

POSITION GetTailObject TreePosition()

{ return m_ObjectTree.GetTailPosition(); }

CElement *GetPrevObject Tree(POSITION &aPos)
{ retum m_ObjectTree.GetPrev(aPos); '}

void DeleteObject_Tree{(CElement *pElement); /Delete an element
void InitObject_Tree();
BOOL EmptyQbjeci Tree()
{ POSITION aPos;
aPos = m_ObjectTree.GetHeadPosition();
if{aPos)
return FALSE;
else
return TRUE;
}
L T
// for object binary tree
void AddObject_BiTree(CElement* pNode)
{ m_ObjectBiTree. AddTail(pNode);
SetModifiedFlag();

POSITION GetHeadObject_BiTreePosition()

{ retumn m_ObjectBiTree.GetHeadPosition(); }

CElement* GetNextObject_BiTree(POSITION& aPos)
{return m_ObjectBiTree.GetNext(aPos); }

POSITION GetTailObject_BiTreePosition()
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{return m_ObjectBiTree.GetTailPosition():}

CElement *GetPrevObject_BiTrec(POSITION &aPos)
{return m_ObjectBiTree.GetPrev(aPos): }

void DeleteObject BiTree(CElement *pElement); //Delete an element

BOOL EmptyObject_BiTree()
{ POSITION aPos:
aPos = m_ObjectBiTree.GetTailPosition();
if(aPos)
return FALSE:
else

return TRUE;

void InitObject_BiTree();

BOOL Empty_StackEdge();

void Push_StackEdge(CElement* pElement);
CElement* Pop_StackEdge();

void Del_EdgeOnStack(CElement* pElement);

BOOL Empty_StackFather():

void Push_StackFather(CElement* pElement):
CElement* Pop_StackFather();

void Del_FatherOnStack(CElement* pElement);

BOOL Empty_StackArrayTree();
void Push_RootedTree(CElement* pElement);
CElement* Pop RootedTree();

void Del_RootedTreeOnStack(CElement* pElement);

BOOL Empty_StackBinaryTree();
void Push_RootedBinaryTree(CElement* pElement);
CElement* Pop_RootedBinaryTree();

void Del_RootedBinary TreeOnStack(CElement *pElement);

BOOL Empty_StackCluster();

void Push_RootedCluster(CElement* pElement);
CElement* Pop_RootedCluster();

void Del_RootedClusterOnStack(CElement* pElement);

POSITION GetHeadCluster()
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{return m_Cluster.GetHeadPosition(); }

CElement* GetNextCluster(POSITION& aPos)

{return m_Cluster.GetNext(aPos); }

POSITION GetTailCluster()

{return m_Cluster.GetTailPosition();}

CElement *GetPrevCluster(POSITION &aPos)

{return m_Cluster.GetPrev(aPos); }

// Used for {inding makespan

BOOL Empty_StackSchedule();

void Push_RootedSchedule(CElement *pElement);
CElement *Pop_RootedSchedule();

void Del_RootedSchedule(CElement *pElement);

POSITION GetHeadSchedule()
{ return m_ScheduleCluster.GetHeadPosition(); }

CElement *GetNextSchedule(POSITION &aPos)
{ return m_ScheduleCluster.GetNext(aPos); }

POSITION GetTailSchedule()
{ return m_ScheduleCluster.GetTailPosition(); }

CElement *GetPrevSchedule(POSITION &aPos)
{ return m_ScheduleCluster.GetPrev(aPos); }

/f Implementation
public:
virtual ~CATCSDoce();
#ifdef DEBUG
virtual void AssertValid() const;
virtual void Dump(CDumpContext& dc) const;
#endif

protected:

I/ Generated message map functions
protected:
HI{{AFX_MSG(CATCSDoc)
afx_msg void OnColorBlack();



afx_msg void OnUpdateColorBlack(CCmdUI* pCmdUI):
afx_msg void OnColorBlue();
afx_msg void OnUpdateColorBlue(CCmdUI* pCmdUI).
afx_msg void OnColorGreen();
afx_msg void OnUpdateColorGreen(CCmdUI* pCmdUI):
afx_msg void OnColorRed();
afx_msg void OnUpdateCoiorRed(CCmdUI* pCmdUI);
afx_msg void OnColorYellow();
afx_msg void OnUpdateColorYellow(CCmdUI* pCmdUI):
afx_msg void OnColorWhite();
afx_msg void OnUpdateColorWhite(CCmdUT* pCmdUI):
H}YAFX_MSG
DECLARE _MESSAGE_MAP()
HH
e e e
H{{AFX_INSERT LOCATION}}

/f Microsoft Visual C++ will insert additional declarations immediately before the previous line.

#endif // 1defined(AFX_ATCSDOC_H_DAGOA49D 30EB_11D3_93C5 00AOCS2CFD9E_ INCLUDED )
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1 ATCSDoc.cpp File

O e e

/I ATCSDoc.cpp : implementation of the CATCSDoc class

"

#include "stdafx.h"

#include "ATCS.h"

#include "Graph.h"

#include "ATCSDoc.h"

#ifdef DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = _ FILE_;

fendif

W T T R

/ CATCSDoc

IMPLEMENT_DYNCREATE(CATCSDoc, CDocument)

BEGIN_MESSAGE_MAP(CATCSDoc, CDocument)
//{{AFX_MSG_MAP(CATCSDoc)
ON_COMMAND(ID_COLOR_BLACK, OnColorBlack)
ON_UPDATE_COMMAND_UI(ID_COLOR_BLACK, OnUpdateColorBlack)
ON_COMMAND(ID_COLOR_BLUE, OnColorBlue)
ON_UPDATE_COMMAND_UI(ID_COLOR_BLUE, OnUpdateColorBlue)



ON_COMMAND(ID_COLOR_GREEN, OnColorGreen)

ON UPDATE COMMAND_UI(ID_COLOR_GREEN. OnUpdateColorGreen)
ON_COMMAND(ID_COLOR_RED, OnColorRed)

ON_UPDATE COMMAND_UIKID_COLOR_RED, OnUpdateColorRed)
ON_COMMAND(ID_COLOR_YELLOW, OnColorYellow)
ON_UPDATE_COMMAND_UI(ID_COLOR_YELLOW. OnUpdateColorYellow)
ON_COMMAND(ID_COLOR_WHITE, OnColorWhite)
ON_UPDATE_COMMAND_UI(ID_COLOR_WHITE, OnUpdateColorWhite)
/I}} AFX_MSG_MAP

END_MESSAGE_MAP()
W L L LT T

/I CATCSDoc construction/destruction

CATCSDoc:
{

H
CATCSDoc:

{

:CATCSDoc()

// TODO: add one-time construction code here
m_TOTAL_VERTEX =0;

m TOTAL_ARC  =0;

m_StatGraph = FALSE;

m_DocSize = CSize(3000,3000);
m_Color =RED;

m_Sizelevel =0;

m_Cell=0;

m_StageShown = 1;
m_StateTREE  =FALSE;
m_StateBITREE = FALSE;
m_StateCLUSTER = FALSE;
m_StateSCHEDULE. = FALSE;

:~CATCSDoc()

/I for m_NodeList

//Get the position at the head of the list

POSITION aPosition;

aPosition = 0;

if{('EmptyNode())

{ aPosition = m_NodeList.GetTailPosition():
while(aPosition)

delete m_NodeList.GetPrev(aPosition);

m_NodeList.RemoveAll();

}

// for m_ArcList

aPosition = 0;

if(!EmptyArc())

{ aPosition = m_ArcList.GetTailPosition();
while(aPosition)
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delete m_ArcList.GetPrev(aPosition):
m_ArcList.RemoveAll();
}
/I for m_ObjectList

aPosition = 0;

if(!EmptyObject()
{ aPosition = m_ObjectList.GetHeadPosition();
while(aPosition)

delete m_ObjectList.GetNext(aPosition);
m_ObjectList. RemoveAll();
}
/I for m_StackEdge
aPosition = 0;
if{iEmpty_StackEdge())
{ aPosition = m_StackEdge.GetTailPosition();
while(aPosition)
delete m_StackEdge.GetPrev(aPosition);
m_StackEdge.RemoveAll();
}
/I for m_StackFather
aPosition = 0;
if('Empty_StackFather())
{ aPosition = m_StackFather.GetTailPosition():
while(aPosition)
delete m_StackFather.GetPrev(aPosition);
m_StackFather.RemoveAll();
}
// for m_ArrayTree
aPosition = 0;
if(lEmpty._StackArrayTree())
{ aPosition = m_ArrayTree.GetTailPosition();
while(aPosition);
delete m_AmayTree.GetPrev(aPosition);
m_ArrayTree.RemoveAll();
}
// for m_BinaryTree
aPosition = 0;
if('Empty_StackBinaryTree())
{ aPosition = m_BinaryTree.GetTailPosition();
while(aPosition)

delete m_BinaryTree.GetPrev(aPosition);

m_BinaryTree.RemoveAll();
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}
Il for m_Cluster
aPosition = 0:
if('Empty_StackCluster())
{ aPosition = m_Cluster.GetTailPosition():
while(aPosition)
delete m_Cluster.GetPrev(aPosition):
m_Cluster.RemoveAll();
}
/! for m_ScheduleCluster
aPosition = 0;
if('Empty_StackSchedule())
{ aPosition = m_ScheduleCluster.GetTailPosition();
while(aPosition)
delete m ScheduleCluster.GetPrev(aPosition);
m_ScheduleCluster.RemoveAll():;
}
// for m_ObjectTree
iflm_StateTREE)
{ aPosition = 0;
if('EmptyObject_Tree()
{ aPosition = m_ObjectTree.GetHeadPosition();
while(aPosition)
delete m_ObjectTree.GetNext(aPosition);
m_ObjectTree.RemoveAll():

}

TR TR Tl
Init_aSetOfTaskCluster(); InitObjCluster():
InitObject_Tree(); InitObject BiTree(); InitObject();
Clean_Node(); Clean_Arc();
m_aSetOfTaskCluster.RemoveAll();
m_ObjectCluster.RemoveAll();
m_ObjectBiTree.RemoveAll();
m_ObjectTree.RemoveAll();

m_ObjectList. RemoveAll();
m_NodeList.RemoveAll();
m_ArcList.RemoveAll();

Vi
BOOL CATCSDoc::OnNewDocument()
{ if (!CDocument::OnNewDocument())



return FALSE;
// TODO: add reinitialization code here
// (SDI documents will reuse this document)
return TRUE:

}

T T

/I CATCSDoc serialization

void CATCSDoc::Serialize(CArchive&: ar)

{ m_NodeList.Serialize(ar);
m_ArcList.Serialize(ar);
m_ObjectList.Serialize(ar);
m_ObjectCluster.Serialize(ar);
if (ar.IsStoring())

{ // TODO: add storing code here
ar <<m_TOTAL_VERTEX
<<m_TOTAL_ARC
<< m_StatGraph
<< m_DocSize
<< m_Color

<< m_PenWidth;

else
{ // TODO: add loading code here
ar>>m_TOTAL _VERTEX

>>m_TOTAL_ARC
>> m_StatGraph
>>m_DocSize
>>m_Color
>> m_PenWidth;

//>> m_SizeLevel;

}
e

/{ CATCSDoc diagnostics
#ifdef DEBUG
void CATCSDoc::AssertValid() const

{ CDocument::AssertValid();  }
void CATCSDoc::Dump(CDumpContexté& dc) const
{ CDocument::Dump(dc); }

#endif /_ DEBUG

T e
/I CATCSDoc commands
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void CATCSDoc::DeleteElement(CElement *pElement)

{ iflpElement)
{ //1f the element pointer is valid
SetModifiedFlag();

POSITION aPosition = m_NodeList.Find(pElement);
m_NodeList.RemoveAt(aPosition);

delete pElement;

!
e e

void CATCSDoc::Clean_Node()

{ POSITION aPos=0; CElement *pObj: pObj=0;
while(!EmptyNode())
{ aPos = m_NodeList.GetTailPosition();
iflaPos)
{ pObj = m_NodeList.GetPrev(aPos);

m_NodeList.RemoveTail():

H
I O L L R B AR R T

// To delete object element list of an arc list
void CATCSDoc::DeleteArc(CElement* pElement)
{ if(pElement)
{ SetModifiedFlag(;
POSITION aPos = m_ArcList.Find(pElement);

m_ArcList RemoveAt(aPos);  delete pElement;

H
e e e

void CATCSDoc::Clean_Arc()

{ POSITION aPos=0; CElement *pObj;  pObj=0;
while(!EmptyArc())
{ aPos = m_ArcList.GetTailPosition();
if(aPos)
{ pObj = m_ArcList.GetPrev(aPos);

1

}
e

// To delete object element list on object list
void CATCSDoc::InitObject()
{ POSITION aPos=0; CElement *pObj;  pObj=0;

m_ArcList.RemoveTail();
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while(!EmptyObject())

{ aPos = m_ObjectList.GetTailPosition():
if(aPos)
{ pObj = m_ObjectList.GetPrev(aPos):

m_ObjectList. RemoveTail():

}
e e

void CATCSDoc::DeleteObject(CElement *pElement)

{ if(pElement)
{ //1f the element pointer is valid
SetModifiedFlag();

POSITION aPosition = m: ObjectList. Find(pElement):

m_ObjectList.RemoveAt(aPosition); delete pElement;

}
e e e

void CATCSDoc::InitObjCluster()
{ POSITION aPos=0;
CElement *pObj=0
while(!EmptyObjCluster() )
{ aPos = m_ObjectCluster.GetTailPosition():
iflaPos)
{ pObj = m_ObjectCluster.GetPrev(aPos);

m_ObjectCluster.RemoveTail():

}
e e e

// To delete Object element on a task cluster

void CATCSDoc::DeleteObjCluster(CElement *pElement)

{ if{pElement)
{ //1f the element pointer is valid
SetModifiedFlag();

POSITION aPosition = m_ObjectCluster.Find(pElement);

m_ObjectCluster.RemoveAt(aPosition); delete pElement:

}
L

{/l To delete object element list on Tree
void CATCSDoc::Init_aSetOfTaskCluster()
{ POSITION aPos=0;
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CElement *pObj=0;
while('Empty_aSetOfTaskCluster())
{ aPos = m_aSetOfTaskCluster.GetTailPosition();

iffaPos)

{ pObj = m_aSetOfTaskCluster.GetPrev(aPos);

m_aSetOfTaskCluster.RemoveTail(): //delete all pointer

1
e e e

void CATCSDoc::Delete_aSetOfTaskCluster(CElement *pElement)

{ if{(pElement)
{ //1f the element pointer is valid
SetModifiedFlag();

POSITION aPosition = m_aSetOfTaskCluster.Find(pElement);

m_aSetOfTaskCluster.RemoveAt(aPosition); delete pElement;

}
L T T

void CATCSDoc::InitObject_Tree()
{ POSITION aPos=0;
CElement *pObj = 0;
while(!EmptyObject_Tree())
{ aPos = m_ObjectTree.GetTailPosition();
iflaPos)
{ pObj = m_ObjectTree,GetPrev(aPos);
m_ObjectTree,RemoveTail();

}
e e

void CATCSDoc::DeleteObject_Tree(CElement* pElement)

{ if(pElement)
{ //If the element pointer is valid
SetModifiedFlag();

POSITION aPosition = m_ObjectTree.Find(pElement);

m_ObjectTree.RemoveAt(aPosition); delete pElement;

}
i

/I To delete object element list on Tree
void CATCSDoc::DeleteObject_BiTree(CElement* pElement)
{ if(pElement)
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{ //1f the element pointer is valid
SetModifiedFlag();
POSITION aPosition = m_ObjectBiTree.Find(pElement);

m_ObjectBiTree.RemoveAt(aPosition); delete pElement;

}
L e T

void CATCSDoc::InitObject_BiTree()

{ POSITION aPos=0;
CElement *pObj = 0;
while(!EmptyObject BiTree())

{ aPos = m_ObjectBiTree.GetTailPosition():
if(aPos)
{ pObj = m_ObjectBiTree.GetPrev(aPos):

m_ObjectBiTree.RemoveTail();

}
T T e L e e 1 e

BOOL CATCSDoc::Empty_StackEdge()

{ POSITION aPos;
aPos = m_StackEdge.GetTailPosition();
if(aPos)
return FALSE;
else
return TRUE;
}

WO LT L LU R R i
void CATCSDoc::Push_StackEdge(CElement* pElement)
{ m_StackEdge. AddTail(pElement); }
e e
CElement* CATCSDoc::Pop_StackEdge()
{ POSITION aPos;
aPos = m_StackEdge.GetTailPosition();
iflaPos)
{ /freturn m_StackEdge.GetPrev(aPos);
CElement *CObj = m_StackEdge.GetPrev(aPos);
m_StackEdge.RemoveTail();  return CObj;

else return NULL;
}
e
void CATCSDoc::Del_EdgeOnStack(CElement* pElement)
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{ if{pElement)
{ /Tf the element pointer is valid
POSITION aPosition = m_StackEdge.Find(pElement);
m_StackEdge. RemoveAt(aPosition);

i
e e e

BOOL CATCSDoc::Empty_StackFather()
{ POSITION aPos;
aPos = m_StackFather.GetTailPosition():
if{aPos)
return FALSE;
else
return TRUE;
}
IR T T L T L T
void CATCSDoc::Push_StackFather(CElement* pElement)
{ m_StackFather. AddTail(pElement); }
e L T
CElement* CATCSDoc::Pop_StackFather()
{ POSITION aPos;
aPos = m_StackFather.GetTailPosition();
if(aPos)
{ //return m_StackFather.GetPrev(aPos);
CElement* CObj = m_StackFather.GetPrev(aPos);

m_StackFather.RemoveTail():  return CObj;

else
return NULL;
)
LTI T L LR LT TR 1
void CATCSDoc::Del_FatherOnStack(CElement* pElement)
{ if(pElement)
{ //1f the element pointer is valid
POSITION aPosition = m_StackFather.Find(pElement);

m_StackFather.RemoveAt(aPosition);

}
e

BOOL CATCSDoc::Empty_StackArrayTree()

{ POSITION aPos;
aPos = m_ArrayTree.GetTailPosition();
iflaPos)



return FALSE;
else
return TRUE;
}
e
void CATCSDoc::Push_RootedTree(CElement* pElement)
{ m_ArmrayTree.AddTail(pElement); }
e
CElement* CATCSDoc::Pop_RootedTree()
{ POSITION aPos;
aPos = m_ArrayTree.GetTailPosition();
iflaPos)
{ CElement *CObj = m_ArrayTree.GetPrev(aPos):
m_ArrayTree.RemoveTail();

return CObj;

else
return NULL;
}
T e
void CATCSDoc::Del_RootedTreeOnStack(CElement* pElement)
{ if{pElement)
{ HIf the element pointer is valid
POSITION aPosition = m_ArrayTree.Find(pElement);

m_ArrayTree.RemoveAt(aPosition);

}
T T e L
/l Binary Tree
BOOL CATCSDoc::Empty_StackBinaryTree()
{ POSITION aPos;
aPos = m_BinaryTree.GetTailPosition();
if(aPos)
return FALSE;
else
return TRUE;
}
T e e g
void CATCSDoc::Push_RootedBinaryTree(CElement* pElement)
{ _ m_BinaryTree.AddTail(pElement); }

TR T T T LT T T LT T
CElement* CATCSDoc::Pop_RootedBinaryTree()
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{ POSITION aPos: aPos = m_BinaryTree.GetTailPosition();
iflaPos)
{ CElement *CObj = m_BinaryTree.GetPrev(aPos);

m_BinaryTree.RemoveTail();  return CObj;

else
return NULL;
}
e
void CATCSDoc::Del_RootedBinaryTreeOnStack(CElement* pElement)
{ if(pElement)
{ //f the element pointer is valid
POSITION aPosition = m_BinaryTree.Find(pElement);

m_BinaryTree.RemoveAt(aPosition);

}
e e
// about Cluster
BOOL CATCSDoc::Empty_StackCluster()
{ POSITION aPos;
aPos = m_Cluster.GetTailPosition();
iflaPos)
return FALSE;
else
return TRUE:
}
L e
void CATCSDoc::Push_RootedCluster(CElement* pElement)
{ m_Cluster.AddTail(pElement); }
e e e e i
CElement* CATCSDoc::Pop. RootedCluster()
{ POSITION aPos;
aPos = m_Cluster.GetTailPosition();
iflaPos)
{ /lreturn m_StackEdge.GetPrev(aPos);
CElement *CObj = m_Cluster.GetPrev(aPos);

m_Cluster.RemoveTail(); return CObj;

else
return NULL;
}
e L e
void CATCSDoc::Del_RootedClusterOnStack(CElement* pElement)
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{ if(pElement)
{ //1f the element pointer is valid
POSITION aPosition = m_Cluster.Find(pElement);

m_Cluster.RemoveAt(aPosition):

}
e e e e e e

/I Creating schedule for task cluster
BOOL CATCSDoc::Empty_StackSchedule()
i POSITION aPos;
aPos = m_ScheduleCluster.GetTailPosition();
iflaPos)
return FALSE;
else
return TRUE;
}
e
void CATCSDoc::Push_RootedSchedule(CElement* pElement)
{ m_ScheduleCluster.AddTail(pElement); '}
L e
CElement* CATCSDoc::Pop_RootedSchedule()
{ POSITION aPos;
aPos = m_ScheduleCluster.GetTailPosition();
if(aPos)
{ CElement *CObj = m_ScheduleCluster.GetPrev(aPos);
m_ScheduleCluster.RemoveTail();

return CObj;

else
return NULL:
}
e s T e e e
void CATCSDoc::Del_RootedSchedule(CElement* pElement)
{ if(pElement)
{ //1f the element pointer is valid
POSITION aPosition = m_ScheduleCluster.Find(pElement);
m_ScheduleCluster.RemoveAt(aPosition);

}
HHHITTHTHT T T T

// Set Black color
void CATCSDoc::OnColorBlack()
{ // TODO: Add your command handler code here
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m_Color = BLACK;

}

e e

/I Set Check Black color

void CATCSDoc::OnUpdateColorBlack(CCmdUI* pCmdUI)

{ // TODO: Add your command update Ul handler code here
pCmdUI->SetCheck(m_Color == BLACK);

}

TR L LRI T

/I Set Blue color

void CATCSDoc::OnColorBlue()

{ // TODO: Add your command handler code here
m_Color = BLUE;

}

W T T LT LR TR T TR

/I Set Check Blue color

void CATCSDoc::0OnUpdateColorBlue{CCmdUI* pCmdUI)

{ /I TODO: Add your command update Ul handler code here
pCmdUI->SetCheck( m Color = BLUE);

}

e e e e e e

/I Set Green color

void CATCSDog::OnColorGreen()

{ // TODO: Add your command handler code here
m_Color= GREEN;

}

T e

I/ Set check green color

void CATCSDoc::0OnUpdateColorGreen(CCmdUI* pCmdUT)

{ // TODO: Add your command update UI handler code here

pCmdUI->SetCheck(m_Color = GREEN);

}

T

/i Set Red color

void CATCSDoc::OnColorRed()

{ // TODO: Add your command handler code here
m_Color = RED;

}

e

/I Set check red color

void CATCSDoc::0OnUpdateColorRed(CCmdUI* pCmdUI)

{ // TODO: Add your command update UI handler code here
pCmdUI->SetCheck(m_Color == RED);
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)

e e

/1 Set yellow color

void CATCSDoc::OnColorYellow()

{ // TODO: Add your command handler code here
m_Color = YELLOW;

}

e

/I Set check yellow color

void CATCSDoc::OnUpdateColorYellow(CCmdUI* pCmdUT)

{ /1 TODO: Add your command update Ul handler code here
pCmdUI->SetCheck(m_Color = YELLOW);

}

e e e e

void CATCSDoc::OnColorWhite()

{ / TODO: Add your command handler code here
m_Color = WHITE;

}

void CATCSDoc::OnUpdateColorWhite(CCmdUI* pCmdUI)

{ // TODO: Add your command update Ul handler code here
pCmdUI->S8etCheck(m_Color = WHITE);

}

T e e T e L
fn ATCSView.h
L e e e
N ATCSView.h : interface of the CATCSView class

e e

#if !defined(AFX_ATCSVIEW_H_DAG60A49F 30EB_11D3_93C5 00A0C92CFD9E INCLUDED )

#define AFX ATCSVIEW_H DAG60A49F 30EB_11D3 93C5_00AQC92CFD9E_ INCLUDED _

#f_MSC_VER > 1000

ffpragma once
#endif // _MSC_VER > 1000

#finclude "Constants.h"

class CDigraph;

class CATCSView : public CScrollView

{

protected: // create from serialization only
CATCSView();
DECLARE_DYNCREATE(CATCSView)

void ResetScrollSizes();



// Auributes

public:

protected:

public:

/I Operations

public:

BOOL InitMatrixDigraph(CElement *pElement):
void InitArrayRooted Tree();
BOOL InitMatrixDigraph(CElement *pElement. int pMatrix[J[MAX_ MATRIX]);

CATCSDoc* GetDocument();

int m_Task_No;

CElement *m_pTempNode;
CElement *m_pTempArc;
CDigraph *m_TempDigraph;

int *m_Matrix[MAX_MATRIX];

CDigraph *m_Digraph;

CElement *m_Original_DiGraph;

CElement *m_TmpVertex;

CElement *m_Vertex;

CEdge  *m_Edge;

int m_ArrayTask[MAX_ _MATRIX];

int m_MatrixDigraph[MAX MATRIX][MAX_ MATRIX]:
int  m_RootedTree[MAX_MATRIX];

€Ttee  ¥*m Tree
CTree ™ *m_BiTree;
CElement *m_VertexTree;

CCluster *m_Cluster,

CElement **m_ArrayTree;

CElement *m_NodeCluster;

int m_nCurrentCol; int m_nCurrentRow; int m_nRibbonWidth;
int m_nCellHeight; int m_nCellWidth;

int m_nMakeSpan:

int m_nScheduleTime;

double m_nSpeedUp;

int m_nFinalCluster;

int m_nSchedule_Single P;

void GetCellRect(int row, int col, LPRECT pRect);

int Get_MakeSpan(CSingleNode *aArrayNode, int aSize);

BOOL Check_Source_Node(CSingleNode *pArray_Source, int aSize, CElement *pNode);
CLinkList *Read_Source_Node(CLinkList *pLinkList, CElement *pNode);
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/I Overrides

public:

protected:

protected:

BOOL Check_Is_On_Cluster(CElement *pCluster, CLinkList *pNode);

int Get_Finished_Time_Of Outside_Cluster(CSingleNode *pSinkNode, int aSize, int pPredecessor);

int Communication_Time_Of Node Outside_Cluster(int pSource, int pDestinate);

BOOL Insert_Finished_Time_Onto_Cluster(CSingleNode *pArraySinkNode, int aSize, int pSinkNode,
int aFinished Time);

int Get_Makespan DAG();

BOOL Difference_Level DAG(int aDestinate_TaskNo, int aCurrentLevel);

int Get_ExecuteCost(int aTask_No);

int Get_Random_Communicate(int aRange_MinExecute, int aRange_MaxExecute, int aSource_Execute,

int aDestinate_Execute, BOOL aFine_Grain, BOOL aCoarse_Grain);
BOOL Check_Duplicate_Node(int *pArrayNode, int aDestinate_Node, int aSize);

// ClassWizard generated virtual funetion overrides

H{{AFX_VIRTUAL(CATCSView)

virtual void OnDraw(CDC* pDC); // overridden to draw this view
virtual BOOL PreCreateWindow(CREATESTRUCT& cs);

virtual void OnInitialUpdate(); // called first time after construct

virtual BOOL OnPreparePrinting(CPrintinfo* pinfo);

virtual void OnBeginPrinting(CDC* pDC, CPrintInfo* plnfo):

virtual void OnEndPrinting(CDC* pDC. CPrintInfo* pinfo);

virtual void OnUpdate(CView* pSender, LFPARAM IHint, CObject* pHint);
{/}}AFX_VIRTUAL

CElement* Create_Node(int task_no, int execute_cost, int vertex_level);
CElement* Create_Arc(int commu_cost, int source_node, int destination_node);
BOOL Allocate_Matrix(int size);

void Add2Matrix(int task_no, int vertex_level);

// Implementation

public:

virtual ~CATCSView();

#ifdef DEBUG

#endif

protected:

virtual void AssertValid() const;

virtual void Dump(CDumpContext& dc) const;

// Generated message map functions

protected:

BOOL m_bSmooth;
void CreateHeadArrow(UINT max1, UINT max2, CEdge *pEdge, CRect aRect, CPoint aThirdPoint=0);
CFont m_font;

H{{AFX_MSG(CATCSView)
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afx_msg void OnCreateGraph();
afx_msg void OnAddVertex();
afx_msg void OnJointVertex();
afx_msg void OnShowGraph();
afx_msg void OnLButtonDown(UINT nFlags, CPoint point);
afx_msg void OnShowTree();
afx_msg void OnShowBinaryTree();
afx_msg void OnShowCluster();
afx_msg void OnShowSchedule();
afx_msg void OnRandomdag();
I} } AFX_MSG
afx_msg void OnUpdateSingleProcessor{CCmdUI* pCmdUI);
afx_msg void OnUpdateMakespan(CCmdUI* pCmdUI);
afx_msg void OnUpdateSchedule(CCmdUI* pCmdUI);
afx_msg void OnUpdateSpeedup(CCmdUI* pCmdUI);
afx_msg void CnUpdateSetCluster(CCmdUI* pCmdUI);
DECLARE MESSAGE_MAP(Q

b

#ifndef DEBUG // debug version in ATCS View.cpp

inline CATCSDoc* CATCSView::GetDocument()

{ return (CATCSDoc*)m_pDocument; }

#endif

/I{{AFX_INSERT LOCATION}}

{/ Microsoft Visual C++ will insert additional declarations immediately before the previous line.

#endif // 'defined(AFX_ATCSVIEW_H_ DAG60A49F_30EB_11D3_93C5_00AOC92CFDOE_ INCLUDED )

e e
i ATCS View.cpp File

Y e L L L
/I ATCSView.cpp : implementation of the CATCS View class

n"

#include “stdafx.h"

#include "ATCS.h"

#include "Graph.h"

#include "ATCSDoc.h"

#include "ATCSView.h"

#include "DlgCreateGraph.h"

#include "DigAddNode.h"

#include "DlglointArc.h"

#tinclude "GeneratRandomDAG.h"

#include <stdio.h>

finclude <string.h>
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tfinclude <math.h>

#ifdef DEBUG

#define new DEBUG_NEW

#undef THIS_FILE

static char THIS_FILE[] = _ FILE_;

#endif

e e e

/I CATCSView

IMPLEMENT_DYNCREATE(CATCSView, CScrollView)

BEGIN_MESSAGE_MAP(CATCSView, CScrollView)
N{{AFX_MSG_MAP(CATCSView)
ON_COMMAND(ID_CREATE GRAPH, OnCreateGraph)
ON_COMMAND(ID_ADD_VERTEX, OnAddVertex)
ON_COMMAND(ID_JOINT _VERTEX, OnJointVertex)
ON_COMMAND(ID_SHOW_GRAPH, OnShowGraph)
ON_WM_LBUTTONDOWN()
ON_COMMAND(ID SHOW TREE, OnShowTree)
ON_COMMAND(ID SHOW_BINARY_TREE, OnShowBinaryTrec)
ON_COMMAND(ID_SHOW_CLUSTER, OnShowCluster)
ON_COMMAND(ID_SHOW_SCHEDULE, OnShowSchedule)
ON_COMMAND(ID_RANDOMDAG, OnRandomdag)
//}}AEX_MSG_MAP
// Standard printing commands
ON_COMMAND(ID_FILE_PRINT, CScrollView::OnFilePrint)
ON_COMMAND(ID_FILE_PRINT DIRECT, CScrollView::OnFilePrint)
ON_COMMAND(ID_ FILE_PRINT_PREVIEW, CScrollView::OnFilePrintPreview)

ON_UPDATE_COMMAND_UI(ID_INDICATOR_SINGLE_P, OnUpdateSingleProcessor)
ON_UPDATE_COMMAND_UKID INDICATOR MAKESPAN, OnUpdateMakespan)
ON_UPDATE_COMMAND_UI(ID_INDICATOR_SCHEDULE, OnUpdateSchedule)
ON_UPDATE_COMMAND_UI(ID_INDICATOR_SPEEDUP, OnUpdateSpeedup)
ON_UPDATE_COMMAND_UI(ID_INDICATOR_SETCLUSTER, OnUpdateSetCluster)

END MESSAGE_MAP()

L

/I CATCSView construction/destruction

CATCSView::CATCSView()

{ // TODO: add construction code here
m_pTempNode = 0;
SetScrollSizes(MM_TEXT, CSize(0,0));
m_font.CreatePointFont(40, _T("MS Sans Serif"));
m_Vertex =0; m_Edge =0; m_Original DiGraph =NULL; m_TmpVertex = NULL;
m_Digraph = 0; m_Tree = 0; m_BiTree =0; m_VertexTree = 0;
m_Cluster = 0; m_nMakeSpan = 0; m_nScheduleTime = 0;
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m_nSpeedUp = 0; m_nFinalCluster =0:
)
THIEHTT T T T T
CATCSView::~CATCSView()
{ int **m_pTmp;
CATCSDoc* pDoc = GetDocument();
ASSERT_VALID{pDoc);
m_pTmp = m_Matrix;
iflm_pTmp)
{ for(int i=0; i <m_Task _No;i++) delete *m_pTmp++; }
// Delete a Diagraph on OnJointVertex( )
CElement *pPoint = NULL; CEdge *pEdge=NULL; CEdge *aEdge=NULL;
CElement *pGraph = m_Vertex;
while(pGraph)
{ pPoint = pGraph;
pEdge = ((CVertex*)pPoint)->m_First_edge;
while(pEdge)
{ aEdge = pEdge;
pEdge = pEdge->m_Next edge:

delete aEdge; aEdge = 0;
}
pGraph = ((CVertex*)pGraph)->m_Next_vertex;
delete pPoint; pPoint =0,
}
m_Vertex = NULL;
ifim_Cluster)
{ CElement *pRoot;

while(!pDoc->Empty  StackSchedule())
{ pRoot = NULL;
pRoot = pDoc->Pop_RuotedSchedule();
if(pRoot)
m_Cluster->Delete_Digraph(pRoot);
}
/I Delete BiTree
delete m_Cluster; m_Cluster = 0;
}
ifim_Digraph)
{ delete m_Digraph; m_Digraph = 0; }
if{lm_Tree)
{ delete m_Tree; m_Tree =0; }
iflm_BiTree)

{ delete m_BiTree; m_BiTree = 0; }



Y e e e
BOOL CATCSView::PreCreateWindow(CREATESTRUCT& cs)

{ /I TODO: Modify the Window class or styles here by modifying the CREATESTRUCT cs

return CScrollView::PreCreate Window({cs);

e e e e

/I CATCSView drawing

void CATCSView::0OnDraw(CDC* pDC)

{ CATCSDoc* pDoc = GetDocument();
ASSERT_VALID(pDoc);
// TODO: add draw code for native data here

CSize size = GetTotalSize(); //get view's logical width and high from SetScrollSize() that gives total pixel

CPen pen(PS_SOLID, 0, RGB(192,192,192)):

CPen* pOldPen = pDC->SelectObject{&pen);

for(int i=0; i<99; i++)

{ int y=(i*m_nCellHeight) + m_nCellHeight;
pDC->MoveTo(0, y);

pDC->LineTo(size.cx, y); / size and y are total pixels or point coordinate in pixels

}
for(int j=0; j<99; j++)
{ int x = (j*m_nCellWidth) + m nRibbonWidth;
pDC->MoveTo(x,0);
pDC->LineTo(x, size.cy); // size and x are total pixels or point coordinate in pixels
}

pDC->SelectObject(pOldPen);

//Draw the bodies of the rows and column headers
CBrush brush;
brush.CreateStockObject(LTGRAY BRUSH);

CRect rcTop(0, 0, size.cx, m_nCellHeight); pDC->FillRect(rcTop, &brush);
CRect rcLeft(0, 0, m_nRibbonWidth, size.cy); pDC->FillRect(rcLefi, &brush);
pDC->MoveTo{0, m_nCellHeight); pDC->LineTo(size.cx, m_nCellHeight);

pDC->MoveTo(m_nRibbonWidth, 0); pDC->LineTo(m_nRibbonWidth, size.cy);

pDC->SetBkMode(TRANSPARENT);

/{Add numbers and button outlines to the row headers
"
for(i=0; i<99; i++)
{
int y = (i*m_nCellHeight) + m_nCellHeight;
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pDC->MoveTo(0,y):

pDC->LineTo(m_nRibbonWidth, y); / y and m_nRibbonWidth are a number of pixels or point coordinate
// in pixels

CString string;

string, Format(_T("%d"), i+ 1);

CRect rect(0,y, m_nRibbonWidth, y+m_nCellHeight);
pDC->DrawText(string, &rect, DT_SINGLELINE | DT_CENTER | DT_VCENTER);

rect.top++;
pDC->Draw3dRect(rect, RGB(255,255,255), RGB(128,128,128));

//Add letters and button outlines to the column headers

for(j=0; j<99; j++)

{

}

int x = (j * m_nCellWidth) + m_nRibbonWidth;

pDC->MoveTo(x , 0);

pDC->LineTo(x , m_nCellHeight);

CString string; string.Format(_T("%d"). j+1);

CRect rect(x,0,x+m_nCellWidth, m_nCellHeight); T e
pDC->DrawText(string, &rect, DT SINGLELINE | DT _CENTER | DT_VCENTER); .
rect.left++; pDC->Draw3dRect(rect, RGB(255,255.255), RGB(128, 128, 128));

// Draw addres labels into the individuals cells

CRectrect;

pDC->GetClipBox(&rect)y/ rect from GetClipBox is region needs to be redraw

int nStartRow = max(0, (rect.top - m_nCellHeight)/m_nCellHeight);

int nEndRow = min(98, (rect.bottom - 1)/m_nCellHeight);

int nStartCol = max(0, (rect.left - m_nRibbonWidth) / m_nCellWidth);

int nEndCol = min(25, ((rect.right + m_nCellWidth - 1) - m_nRibbonWidth) / m_nCellWidth);

if(!\pDoc->m_StatGraph)

return;

CElement* pElement=0; POSITION aPos=0;

switch(pDoc->m_StageShown)

{

case I:  aPos = pDoc->GetListHeadObjectPosition();
while(aPos)
{ pElement = pDoc->GetNextObject(aPos);
/fif the element is visible
iflpDC->RectVisible(pElement->GetBoundRect()) )
pElement->Draw(pDC, &m_font);
}
break;
case 2: aPos = pDoc->GetHeadObject_TreePosition();
while(aPos)
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{ pElement = pDoc->GetNextObject_Tree(aPos);
1/if the element is visible
if{pDC->RectVisible(pElement->GetBoundRect()) )
pElement->Draw(pDC. &m_font);

}
break;
case 3:  aPos = pDoc->GetHeadObject_BiTreePosition();
while(aPos)
{ pElement = pDoc->GetNextObject_BiTree(aPos);
if(pDC->RectVisible(pElement->GetBoundRect()) )

pElement->Draw(pDC, &m_font);

1
break;
case 4.  aPos = pDoc->GetListHeadObjClusterPosition();
while(aPos)
{ pElement = pDoc->GetNextObjCluster(aPos);
if{(pDC->RectVisible(pElement->GetBoundRect()) )

pElement->Draw(pDC, &m_font);

}

break;

case 5: aPos= pDoc->Get aSetOfTaskCluster();
while(aPos)
N\ pElement = pDoc->GetNext_aSetOfTaskCluster(aPos):
if(pDC->RectVisible(pElement->GetBoundRect()) )
pElement->Draw(pDC, &m_font);

break;
default: break;

}

e e L T T

void CATCSView::OnlnitialUpdate()

{ ResetScrollSizes(); CScrollView::OnlInitialUpdate();
H

TR TR TR TR T

/I CATCSView printing

BOOL CATCSView::OnPreparePrinting(CPrintInfo* plnfo)

{ return DoPreparePrinting(pInfo);

}

e

void CATCSView::OnBeginPrinting(CDC* /*pDC*/, CPrintInfo* /*pInfo*/)
{ /I TODO: add extra initialization before printing
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H

e e e

void CATCSView::OnEndPrinting(CDC* /*pDC*/, CPrintInfo* /*pInfo*/)
{ // TODO: add cleanup after printing

H

e

/I CATCSView diagnostics

#ifdef DEBUG

void CATCSView:: AssertValid() const

{ CScrollView:: AssertValid();

!

void CATCS View::Dump(CDumpContext& dc) const
{ CScrollView::Dump(dc);

)

CATCSDoc* CATCSView::GetDocument() // non-debug version is inline

{ ASSERT(m_pDocument->IsKindOffTRUNTIME CLASS(CATCSDoc)));
return (CATCSDoc*)m_pDocument;

}

#endif /_ DEBUG

e e e

/I CATCSView message handlers

void CATCS View::ResetScrollSizes()

{ m_nCurrentRow = 0; m_nCurrentCol =0; m_bSmooth = FALSE:
CClientDC de(this);
m_nCellWidth = dc.GetDeviceCaps(LOGPIXELSX)/4;  //a number of pixels on width cell
m_nCellHeight = de.GetDeviceCaps(LOGPIXELSY)/4; // a number of pixels on heigh cell
m_nRibbonWidth = m_nCellWidth;
// a number of pixels on Logical width view
int nWidth = (99 * m_nCellWidth) + m_nRibbonWidth;
// a number of pixels on Logical width heigh
int nHeight = m_nCellHeight * 100;
// CSize (nWidth, nHeight) is to set logical view or view dimension
SetScrollSizes(MM_TEXT, CSize(nWidth, nHeight));

}

T e

void CATCSView::OnCreateGraph()

{ CATCSDoc* pDoc = GetDocument();  ASSERT VALID(pDoc);
CDlgCreateGraph aDlg;
aDlg.m_TOTAL_VERTEX = pDoc->m_TOTAL_VERTEX;
aDlg.m_TOTAL_ARC =pDoc->m_TOTAL_ARC;
ifipDoc->m_StatGraph = FALSE)
{ ifaDlg.DoModal() = IDOK)

{ // save to Document
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pDoc->m_TOTAL_VERTEX = aDlg.m TOTAL_VERTEX:
pDoc->m_TOTAL ARC =aDlgm TOTAL_ARC:
pDoc->m_StatGraph = TRUE;
for(int i=0; i< pDoc->m_TOTAL_VERTEX; i++)

{ m_pTempNode = Create Node(i+1, 0. 0);

pDoc->AddNode(m_pTempNode);
m_pTempNode = 0;

}

for(int j=0; j< pDoc->m_TOTAL_ARC; j++)

{ m_pTempArc = Create_Arc(0,0.0);

pDoc->AddArc(m_pTempArc); m_pTempArc = 0;

else
AfxMessageBox("You can't create a new GRAPH"):
}
e T e
/1 Allocate Matrix
BOOL CATCSView::Allocate_Matrix(int size)
{ int**m_pTmp;
m_pTmp = m_Matrix;
ifltm_pTp)
{ for(int j=0; j < m_Task_No; j++)
{ *m_pTmp = new intfsize+1];
memset(*m_pTmp, 0, sizeof(int)* size );
m_pTmp++;
}
retun TRUE;
}
return FALSE;
}
e e e e L
// Create_Node is used for allocate a new node
CElement* CATCSView::Create_Node(int task_no, int execute_cost, int vcrtcxt_l';.vel)
{ CATCSDoc* pDoc = GetDocument(); ~ ASSERT_VALID(pDoc);
return new CNode(task_no, execute_cost,vertext_level, pDoc->GetColor());
}
I TR TR T T
CElement* CATCSView::Create_Arc(int source_node, int destination_node, int commu_cost)
{ CATCSDoc* pDoc = GetDocument(); ~ ASSERT_VALID(pDoc);

return new CArc(source_node, destination_node, commu_cost);
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void CATCSView::OnUpdate(CView* pSender, LFARAM IHint, CObject* pHint)
{ /I TODO: Add your specialized code here and/or call the base class

}
W e

void CATCS View::Add2Matrix(int task_no, int vertex_level)
{ int **m_pMatrix, index;
m_pMatrix = m_Matrix + vertex_level:
if(*m_pMatrix)
{ // increase index for row matrix
for(index = 0; (*((*m_pMatrix) + index)) != 0; index++);

(*((*m_pMatrix) + index)) = task_no; //fill into matrix

}
L e
/i The OnAddVertex( ) is called when the user click Add Vexter to a DAG
i
void CATCS View::OnAddVertex()
{ {/ TODO: Add your command handler code here

int i=0; int Old_TotalVertex=0;

CATCSDoc* pDoc = GetDocument();

ASSERT _VALID(pDoc);

CDIlgAddNode aDlg;

CElement *pElement=0;

/I All data of Document that is send to DialogBox

aDlgm TOTAL_VERTEX = pDoc->m_TOTAL_VERTEX;

Old_TotalVertex = pDoc->m_TOTAL VERTEX; // save old amount vertex

aDlg.m_StatGraph = pDoc->m_StatGraph;
POSITION aPos ~ = pDoc->GetListHeadPosition();
while(aPos)

{ pElement = pDoc->GetNext(aPos);

aDlg.m_ChuntData[i][0} = ((CNode*)pElement)->m_Task_no; // fixed sequence no.
aDlg.m_ChuntData[i][1] = (CNode*)pElement)->m_Execute_cost; // vary execution cost
aDlg.m_ChuntData[i][2] = ((CNodc“‘)pEIcmcnt);>m_Vertcx_level; // vary vertex level

i+t
}
iflaDlg.DoModal() = IDOK)
{ pDoc->m_TOTAL_VERTEX = aDlg.m_TOTAL_VERTEX;

pDoc->m_StatGraph = aDlg.m_StatGraph;

i=0; aPos=0;

if{Old_TotalVertex < pDoc->m_TOTAL_VERTEX)
{ aPos = pDoc->GetListHeadPosition();
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while(aPos) // for old amount

—

pElement = pDoc->GetNext(aPos);
((CNode*)pElement)->m_Task_no = aDlg.m_ChuntData[i][0];
((CNode*)pElement)->m_Execute_cost = aDlg.m_ChuntData[i][1]:
((CNode*)pElement)->m_Vertex_level = aDlg.m_ChuntData[i][2];

i+

i

/i for new amount
for(; i< pDoc->m_TOTAL_VERTEX; i++)
{ m_pTempNode = Create_Node(aDlg.m_ChuntData[i][0], aDlg.m_ChuntData[i][1],
aDlg.m_ChuntDatafi][2]);
pDoc->AddNode(m_pTempNode);

m_pTempNode = 0;

}
else if{Old_Total Vertex > pDoc->m_TOTAL_VERTEX)
{
for(i=0; i< (Old_Total Vertex - (pDoc->m_TOTAL_VERTEX)); i++)
{  POSITION aPos = pDoc->GetListTailPosition();
if(aPos)
{ pElement = pDoc->GetPrev(aPos);

pDoc->DeleteElement(pElement);

}

i=0;aPos=0;

aPos = pDoc->GetListHeadPosition();

while(aPos)

{ pElement = pDoc->GetNext(aPos);
((CNode*)pElement)->m_Task no = aDlg.m_ChuntDatali}{0})
((CNode*)pElement)->m_Execute_cost = aDlg.m ChuntData[i][1];
((CNode*)pElement)->m_Vertex_level = aDlg.m_ChuntData[i][2];
i+

}

else // Old_TotalVertex == pDoc->m_TOTAL_VERTEX

{ for(i=0; i< (pDoc->m_TOTAL_VERTEX); i++)
{ POSITION aPos = pDoc->GetListTailPosition();
if(aPos)
{ pElement = pDoc->GetPrev(aPos);

pDoc->DeleteElement(pElement);
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for(i=0; i< (pDoc->m_TOTAL_VERTEX) : i++)

{

m_pTempNode = Create_Node(aDlg.m_ChuntData[i][0], aDlg.m_ChuntData[i][1],
aDlg.m_ChuntDatali][2]);

pDoc->AddNode(m_pTempNode);
m_pTempNode = 0.

return;

e

J/ The OnJointVertex( ) is called when the user click Joint Vertex Button, that this

Jf function gives user enter several commumication cost between nodes on a DAG.

"

void CATCSView::OnJointVertex()

{

// TODO: Add your command handler code here

inti=0; int Old_TotalArc=0;

CATCSDoc* pDoc = GetDocument();

ASSERT_ VALID(pDoc);

CDlglointArc aDlg;

CElement* pElement=0;

aDlg.m TOTAL.ARC = pDoc->m_TOTAL_ARC:

Old TotalArc = pDoc=>m TOTAL ARC;

POSITION aPos = pDoc->GetArcListHeadPosition();

while(aPos)

{

}

pElement = pDoc->GetArcNext(aPos);

aDlg.m_ChuntArc[i][0] = ((CArc*)pElement)->m_Start_vertex; // vary execution cost
aDlg.m_ChuntArclil[1] = ((CArc*)pElement)->m_End vertex: // vary vertex level
aDlg.m_ChuntAre(i][2] = ((CArc*)pElement)->m_Commu_ cost; // fixed sequence no.

i+

iftaDlg.DoModal() = IDOK)

{

i=0; aPos=0;
pDoc->m_TOTAL_ARC = aDlg.m_TOTAL_ARC;
if{Old_TotalArc < pDoc->m_TOTAL_ARC) // Add vertex
{ aPos = pDoc->GetArcListHeadPosition();
while(aPos) // for old amount
{ pElement = pDoc->GetArcNext(aPos);
((CArc*)pElement)->m_Start_vertex = aDlg.m ChuntArc[i][0];
((CArc*)pElement)->m_End_vertex =aDlg.m ChuntArc[i][1];
((CArc*)pElement)->m_Commu_cost = aDlg.m_ChuntArc[i][2];

i+t

1
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/f for new amount
for(; i< pDoc->m_TOTAL_ARC:; i++)
{ m_pTempArc = Create_Arc(aDlg.m_ChuntArc[i][0], aDlg.m_ChuntArc[i][1],
aDlg.m_ChuntArcli][2]);
pDoc->AddArc(m_pTempArc);

m_pTempArc=0;

i
else if{ Old_TotalArc > pDoc->m_TOTAL_ARC) // Delete vertex

{ for(i=0; i< (Old_TotalArc - (pDoc->m_TOTAL_ARC)); i++)
{ POSITION aPos = pDoc->GetArcListTailPosition();
if(aPos)
{ pElement = pDoc->GetArePrev(aPos):

pDoc->DeleteArc(pElement);

}
i=0;aPos=0; aPos = pDoc->GetArcListHeadPosition();
while(aPos)

{ pElement = pDoc->GetArcNext(aPos);

" ((CArc*)pElement)->m_Start_vertex =aDlg.m_ChuntAre[iJ[0];
((CArc*)pElement)->m_End_vertex = aDlg.m ChuntArcfil[1];
((CArc*)pElement)->m_Commu_cost = =aDlg.m_ChuntArc[i][2];
i+

]

H
¢lse // Old_TotalArc == pDoc->m_TOTAL_ARC

{ for(i=0; i< (pDoc->m_TOTAL_ARC); i++)
{ POSITION aPos = pDoc->GetArcListTailPosition();
iftaPos)
{ pElement = pDoc->GetArcPrev(aPos);

pDoc->DeleteAre(pElement);

}
for(i=0; i< (pDoc->m_TOTAL_ARC); i++)
{ m_pTempArc = Create_Arc(aDlg.m_ChuntArc[i][0], aDig.m_ChuntArc[i][1],
aDlg.m_ChuntArc[i][2]);
pDoc->AddArc(m_pTempArc);
m_pTempArc = 0;

return;



e
// The OnShowGraph( ) is called when the user click Show Graph button. OnShowGraph()
// is used when user enter all component on a DAG finish.
74
void CATCS View::OnShowGraph()
{ // TODO: Add your command handler code here
BOOL nFlageMake = FALSE;

CElement* pSource; CElement* pDestinate; CElement* pElement=0;

CRect  aRect=0; CPoint  aPointStart=0; CPoint  aPointEnd=0;

int aMax=0, aLevel=0; int aCol = 0, aRow = 0;
int aSegment=0, aOffset=0; int alndex=0;
CString  err_msg;

CATCSDoc* pDoc = GetDocument();
ASSERT_VALID(pDoc);

int total_vertex = pDoc->m_TOTAL_VERTEX;
COLORREF color_vertex = pDoc->m_Color:
if(!pDoc->m_StatGraph) #/ don't create graph
{ AfxMessageBox(_T("You does not create nodes and arcs."));
return;
}
/ initialize severals objects
iflm_Cluster)
{ CElement *pRoot;
while(!pDoc->Empty_StackSchedule())
{ pRoot = NULL:
pRoot = pDoc->Pop_RootedSchedule();
if(pRoot)
m_Cluster->Delete_Digraph(pRoot);
}

delete m_Cluster; m_Cluster = 0;

pDoc->m_StateTREE = TRUE; pDoc->m_StateBITREE =FALSE;
pDoc->m_StateCLUSTER =FALSE;  pDoc->m_StateSCHEDULE = FALSE;

// Initialize object
pDoc->InitObject();
// delete all nodes and edges on Digraph
/I delete CDigraph
if{ m_Original_DiGraph && m_Digraph)
{ if(m_Original_DiGraph)
' m_Digraph->Delete_Digraph(m_Original_DiGraph),
m_Original_DiGraph = NULL;
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}
delete m_Digraph, m_Digraph = 0:

CElement *aPoint = NULL; CEdge ®*pEdge x= NULL; CEdge *aEdge=NULL:
CElement *pGraph = m_TmpVertex;
while(pGraph)
{ aPoint = pGraph;
pEdge x = ((CVertex*)aPoint)->m_First_edge;
while(pEdge_x)
{ aEdge = pEdge x;
pEdge x = pEdge_x->m_Next_edge;
delete aEdge; aEdge =0;

pGraph = ((CVertex*)pGraph)->m_Next_vertex;
delete aPoint; aPoint =NULL:

}
m_TmpVertex = NULL;

/l connection all node on a graph
m_Digraph = new CDigraph(total_vertex, color_vertex);
POSITION aPos = pDoc->GetListTailPosition();

while(aPos)
{ pElement = pDoc->GetPrev(aPos);
if{'nFlageMake)
{ nFlageMake = TRUE;
m_Vertex = m_Digraph->Make Graph(pElement);
}
else

m_Vertex = m_Digraph->Add_Vertex(m_Vertex, pElement);
H
// Connection arc between all nodes
aPos = pDoc->GetArcListHeadPosition();
while(aﬁos)
{ pSource = pDestinate =0;
pElement = pDoc->GetArcNext(aPos);
pSource =m_Digraph->Find_Vertex(m_Vertex,((CArc*)pElement)->m_Start_vertex);
pDestinate = m_Digraph->Find_Vertex(m_Vertex,((CArc*)pElement)->m_End_vertex);
if{(pSource != NULL) && (pDestinate != NULL))
m_Digraph->Joint_Vertex(pSource, pDestinate, pElement);
}
// Now, am_Vertex is final a graph that is connected all
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/! Save Original Digraph
m_Original_DiGraph = NULL; m_Original_DiGraph = m_Vertex;
CEiement* pPoint; pPoint = m_Vertex;
for(int i=0; i< MAX_MATRIX: i++)
m_ArrayTask[i] = 0;
// allocate memory
int **aCell, *aTable[MAX_MATRIX];
aCell = aTable;
for(i=0;i<MAX_MATRIX;i++)
{ *aCell = new intMAX_MATRIX];
memset(*aCell, 0, sizeof{int)*MAX MATRIX);

aCell++;

aCell = aTable;
while(pPoint)
{ m_ArrayTask[((CVertex*)pPoint)->m_Vertex_level] += I;
ifl((CVertex*)pPoint)->m_Vertex_level > aLevel)
alevel++; //increase level
iflm_ArrayTask[((CVertex*)pPoint)->m  Vertex_level] > aMax)
aMax++;
aCell =aCell + ((CVertex*)pPoint)->m_Vertex_level:
for(i=0; *((*aCell}+i) '= NULL; i++);
*((*aCell)+i) = ((CVertex*)pPoint)->m_Task_no:
aCell = aTable:

pPoint = ((CVertex*)pPoint)->m_Next_vertex: // next

int  j=0; aCell = aTable; pPoint =m_Vertex: aLevel++;
pDoc->m_SizeLevel = alevel - 1;
for(i=0; i< aLevel;i++)

{ aRow = (i*3) +2;  aSegment =(m_ArrayTask[i]/2); aOffset =(m_ArrayTask[i] % 2);
i=0;
if(aOffset > 0)
{ for(alndex=aSegment, j=0 ; alndex > 0; alndex-, j++)
{ aCol = 15 - (alndex*3);

GetCellRect(aRow, aCol, &aRect);

// Find vertex on a graph

pSource = 0;

pSource = m_Digraph->Find_Vertex(m_Vertex, *((*aCell)+j) );
((CVertex*)pSource)->m_Rect = aRect:
((CVertex*)pSource)->SetBoundRect(aRect);
pDoc->AddObject(pSource);
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H
aCol = 15;
GetCellRect(aRow, aCol, &aRect);
pSource = 0;
pSource = m_Digraph->Find_Vertex(m_Vertex, *((*aCell)+j) ):
((CVertex*)pSource)->m_Rect = aRect;
((CVertex*)pSource)->SetBoundRect(aRect);
pDoc->AddObject(pSource);
R
for(alndex=1; alndex < (aSegment+1); alndex++, j++)
{ aCol = 15 + (aIndex*3):
GetCellRect(aRow, aCol, &aRect):
/{Find vertex on a graph
pSource = 0;
pSource = m_Digraph->Find_Vertex(m_Vertex, *((*aCeil}+) );
((CVertex*)pSource)->m_Rect = aRect;
((CVertex*)pSource)->SetBoundRect(aRect):

pDoc->AddObject(pSource);
}
}
else // offset equals zero
{ for(alndex=aSegment, j=0 ; alndex > 0; alndex--, j++)
{ aCol = 15 - (alndex*2);
GetCellRect(aRow, aCol, &aRect);
// Find vertex on a graph
pSource = 0;
pSeurce =m_Digraph=>Find_Vertex(m_Vertex, *((*aCell)+j) );
((CVertex*)pSource)->m_Rect = aRect;
({CVertex*)pSource)->SetBoundRect(aRect);
pDoc=>AddObject(pSaurce);
H

for(alndex=1; alndex < (aSegment+1); alndex++, j4++)

{ aCol = 15 + (alndex*2);
GetCellRect(aRow, aCol, &aRect):
//Find vertex on a graph .
pSource = 0;
pSource = m_Digraph->Find_Vertex(m_Vertex, *((*aCell)+j) );
((CVertex*)pSource)->m_Rect = aRect;
((CVertex*)pSource)->SetBoundRect(aRect);
pDoc->AddObject(pSource);

}

}/ end if else

aCell++;



247

}/ end for
// Calculate start point and end point, then drawing edge on a graph
CElement* pVertex; CEdge* pEdge:
UINT minl, min2, maxl, max2;
pVertex = m_Vertex; // get root a Graph
while(pVertex)
{ pEdge = ((CVertex*)pVertex)->m_First_edge;
while(pEdge)
{ aPointStart.x = ((CVertex*)pVertex)->m_Rect.right - (m_nCellWidth/2);
aPointStart.y = ((CVertex*)pVertex)->m_Rect.bottom;
aPointEnd.x = ((pEdge->m_End_point)->m_Rect.left + (m_nCellWidth/2)) -1;
aPointEnd.y = (pEdge->m_End_point)->m_Rect.top:
pEdge->m_StartPoint = aPointStart;
pEdge=>m_EndPoint = aPointEnd;

// caleulate enclosing boundary

minl = min2-=max1 = max2 =0;

minl = min{ ((CVertex*)pVertex)->m_Rect.right,
((CVertex*)pVertex)->m_Rect.left );

" niin2 = min( (pEdge->m_End_point)=>m_Rect.right,
(pEdge->m_End_point)->m_Rect.left):

max1 = max( (CVertex*)pVertex)->m_Rect.right,
((CVertex*)pVertex)->m_Rect,left);

max2 = max( (pEdge->m_End_point)->m_Rect.right,

(pEdge->m_End_point)->m_Rect.left);

aRectleft = min{minl, min2);  aRect.right= max(max1, max2);
aRect.top = ((CVertex*)pVertex)->m_Rect.bottom;

aRect.bottom = (pEdge->m_End_point)->m_Rect.top;

/! create head arrow of each edge
CreateHeadArrow{max |, max2, pEdge, aRect);
pEdge->SetBoundRect(aRect);
pDoc->AddObject(pEdge);  // added to object list
pEdge = pEdge->m_Next_edge; // get next edge
H
pVertex = ((CVertex*)pVertex)->m_Next_vertex;
}
// clear memory
aCell = aTable;
for(i=0; ikMAX_MATRIX; i++)
{ delete *aCell; aCell++; }
// Update windows
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m_Vertex = NULL;

pDoc->m_StageShown = SHOW_GRAPH;

InvalidateRect(0);

e e e e e e

void CATCSView::GetCellRect(int row, int col, LPRECT pRect)

{

}

ifl pRect ==0)

{

else

CATCSDoc *pDoc = GetDocument();

pDoc->m_Cell.left = m_nRibbonWidth + (col * m_nCellWidth) + 1;
pDoc->m_Cell.top = m_nCellHeight + (row * m_nCellHeight) + 1:
pDoc->m_Cell.right = pDoe->m_Cell.left + m nCellWidth - 1.

pDoc->m_Cell.bottom = pDoc->m_Cell.top + m_nCellHeight - 1:

pRect->left = m_nRibbonWidth + (col * m_nCellWidth) + 1;
pRect->top = m_nCellHeight + (row * m_nCellHeight) + 1;
pRect->right = pRect->left + m_nCellWidth - 1;
pRect->bottom = pRect->top + m_nCellHeight - 1;

e e e e i

void CATCSView::CreateHead Arrow(UINT max1, UINT max2, CEdge *pEdge, CRect aRect, CPoint aThirdPoint)

{

double x axis, y_axis, angle;

x_axis = y_axis =angle = 0;

if{ (@ThirdPoint.x != 0) || @ThirdPoint.y !=0) )

{
¥

// don't anything

y_axis = aRect.bottom - aRect.top;

iflmax1 > max2)

{ // D<angle<45, 45<angle<90, and angle =45 degree

max] -= (m_nCellWidth/2); max2 += (m_nCellWidth/2);
x_axis =max] - max2;
angle = atan2(y_axis, x_axis); //find arctan angle radius

angle = (angle *180)/PI;  //find angle degree

if( (0<angle) && (angle<20)) // 0<x <20

{ pEdge->m_arl.x = pEdge->m_EndPoint.x;
pEdge->m_arl.y = pEdge->m_EndPoint.y-1;
pEdge->m_ar2.x = pEdge->m_EndPoint.x + ((m_nCellWidth/8)*3);
pEdge->m_ar2.y = pEdge->m_EndPoint.y - ((m_nCellWidth/8)*2) - 1;
pEdge->m_ar3.x = pEdge->m_EndPoint.x + ((m_nCellWidth/8)*4);



}

}

pEdge->m_ar3.y = pEdge->m_EndPointy -1:

else ifl (20<=angle) && (angle<40)) // 20<= x <40

{

}

pEdge->m_arl.x = pEdge->m_EndPoint.x:

pEdge->m_arl.y = pEdge->m_EndPoint.y-1:

pEdge->m_ar2.x = pEdge->m_EndPoint.x + ((m_nCellWidth/8)*3);
pEdge->m_ar2.y = pEdge->m_EndPoint.y - ((m_nCellWidth/8)*3)-1;
pEdge->m_ar3.x = pEdge->m_EndPoint.x + ({(m_nCellWidth/8)*4);
pEdge->m_ar3.y = pEdge->m_EndPointy - (m_nCellWidth/8)-1;

else ifl (40<=angle) && (angle<60) ) // 40<= x < 60

{

}

pEdge->m_arl.x = pEdge->m_EndPoint.x;
pEdge->m_arl.y = pEdge->m_EndPoint.y-1;

pEdge=>m_ar2.x = pEdge->m_EndPoint.x + ((m_nCellWidth/8)*3);

pEdge->m_ar2.y = pEdge->m_ EndPointy - {(m_nCellWidih/8)*4) - 1;

pEdge->m_ar3.x = pEdge->m_EndPoint.x + ((m_nCellWidth/8)*5);

pEdge->m ard.y = pEdge->m_EndPointy - {{m_nCellWidth/8)*2)~ 1;

else ifl (60<=angle) && (angle<80) ) // 60 <=x <80

t

H

pEdge->m_arl.x = pEdge->m_EndPoint.x:
pEdge->m_arl.y = pEdge->m_EndPoint.y-1:
pEdge>m_ar2.x = pEdge->m_EndPoint.x + ((m_nCellWidth/8)*2);

pEdge->m_ar2.y = pEdge->m_EndPoint.y - ((m_nCellWidth/8)*4) - 1;

pEdge->m_ar3.x = pEdge->m_EndPoint.x + ((m_nCellWidth/8)*4);

pEdge->m_ar3.y = pEdge->m_EndPoint.y - ((m_nCellWidth/8)*2) - 1;

else // 80 <=x <90

{

pEdge->m_arl.x = pEdge->m_EndPoint.x:

pEdge->m_arl.y = pEdge->m_EndPoint.y-1;

pEdge->m_ar2.x = pEdge->m_EndPoint.x + ({m_nCellWidth/8)*3);
pEdge->m_ar2.y = pEdge->m_EndPointly - ((m_nCellWidth/8)*3)-1;
pEdge->m_ar3.x = pEdge->m_EndPoint.x;

pEdge->m_ar3.y = pEdge->m_EndPoint.y - ((m_nCellWidth/8)*4)-1;

else iflmax1 < max2)

{

I/ 90<angle<135, 135<angle<180, and angle = 45 degree

max1 += (m_nCellWidth/2); max2 -= (m_nCellWidth/2);

X_axis = max2 - max1;

angle = atan2(y_axis, x_axis); //find arctan angle degree
angle = (angle *180)/PI;  //find angle degree

ifl (O<angle) && (angle<20)) // 0<x <20

{

pEdge->m_arl.x = pEdge->m_EndPoint.x;
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H
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pEdge->m_arl.y = pEdge->m_EndPoint.y-1;

pEdge->m_ar2.x = pEdge->m_EndPoint.x - ((m_nCellWidth/8)*3);
pEdge->m_ar2.y = pEdge->m_EndPointy - ((m_nCellWidth/8)*2) - 1.
pEdge->m_ar3.x = pEdge->m_EndPoint.x - ((m_nCellWidth/8)*4);
pEdge->m_ar3.y = pEdge->m_EndPointy -1;

else ifl (20<=angle) &4& (angle<40)) // 20<= x <40

{

}

pEdge->m_arl.x = pEdge->m_EndPoint.x;

pEdge->m_arl.y = pEdge->m_EndPoint.y-1:

pEdge->m_ar2.x = pEdge->m_EndPoint.x - ((m_nCellWidth/8)*3);
pEdge->m_ar2.y = pEdge->m_EndPointy - ((m_nCellWidth/8)*3)-1;
pEdge->m_ar3.x = pEdge->m_EndPoint.x - ((m_nCellWidth/8)*4);
pEdge->m_ar3.y = pEdge->m_EndPointy - (m_nCellWidth/8)-1;

else if{ (40<=angle) && (angle<60) ) / 40<= x < 60

13
L1

}

pEdge->m_arl.x = pEdge->m_EndPoint.x;

pEdge->m_arl.y = pEdge->m_EndPoint.y-1;

pEdge->m_ar2.x = pEdge->m_EndPoint.x = ((m_nCellWidth/8)*3),
pEdge->m_ar2.y = pEdge->m_EndPoint.y - ((m_nCellWidth/8)*4) - 1;
pEdge->m_ar3.x = pEdge->m_EndPoint.x - ((m_nCellWidth/8)*5);
pEdge->m_ar3.y = pEdge->m_EndPoint.y - ((m_nCellWidth/8)*2) - 1;

else ifl (60<=angle) && (angle<80) ) // 60 <=x < 80

{

H

pEdge->m_arl.x = pEdge->m_EndPoint.x;

pEdge->m_arly = pEdge->m_EndPointy-1;

pEdge->m_ar2.x = pEdge->m_EndPoint.x - ((m_nCellWidth/8)*2);
pEdge->m_ar2.y = pEdge->m_EndPoint.y - ((m_nCellWidth/8)*4) - 1
pEdge->m_ar3.x = pEdge->m_EndPoint.x - ((m_nCellWidth/8)*4);
pEdge->m_ard.y = pEdge->m_EndPoint.y - ({m_nCellWidth/8)*2) - 1;

else // 80 <=x<90

{

pEdge->m_arl.x = pEdge->m_EndPoint.x;

pEdge->m_arl.y = pEdge->m_EndPoint.y-1;

pEdge->m_ar2.x = pEdge->m EndPoint.x - ((m_nCellWidth/8)*3);
pEdge->m_ar2.y = pEdge->m_EndPoint.y - ((m_nCellWidth/8)*3)-1;
pEdge->m_ar3.x = pEdge->m_EndPoint.x;

pEdge->m_ar3.y = pEdge->m_EndPoint.y - ((m_nCellWidth/8)*4)-1;

else // max1 == max2
angle = 90; // degree
pEdge->m_arl.x = pEdge->m_EndPoint.x;

{

pEdge->m_arl.y = pEdge->m_EndPoint.y-1;



251

pEdge->m_ar2.x = pEdge->m_EndPoint.x - ((m_nCellWidth/8)*2);
pEdge->m_ar2.y = pEdge->m_EndPoint.y - (m_nCellWidth/2)-1;
pEdge->m_ar3.x = pEdge->m_EndPoint.x + ((m_nCellWidth/8)*2):
pEdge->m_ar3.y = pEdge->m_EndPoint.y - (m_nCellWidth/2)-1;

}
e e
void CATCSView::OnLButtonDown(UINT nFlags, CPoint point)
{ // TODO: Add your message handler code here and/or call default
CScrollView::OnLButtonDown(nFlags, point);
CRect rect; CPoint pos = point;
CBrush brush(RGB(0,255,255)); CClientDC dc(this);
OnPrepareDC(&dc); de.DPtoL.P(&pos);
int row = (pos.y - m_nCellHeight) /m_nCellHeight; int col = (pos.x - m_nRibbonWidth) / m_nCellWidth;
GetCellRect(row, col, &rect);
}
T T e
void CATCS View::InitArrayRootedTree()
{ for(int i=0; i<MAX_ MATRIX; i++)
m_RootedTree[i] = 0;
}
T e e e e e
// The OnShowTree( ) is called when the user click ShowTree bution. OnShowTree( ) is used to
/! convert from a DAG into an inverse pointer Binary tree.
i
void CATCS View::OnShowTree()

{ // TODO: Add your command handler code here
CElement* pSource = NULL; CElement* pDestinate = NULL;
CElement* pElement = NULL; CElement* pVertex = NULL;

BOOL  aFlageTree = FALSE;

CDigraph *pDigraph = NULL;

CString msg;

CATCSDoc* pDoc = GetDocument();

ASSERT_VALID(pDoc);

int total_vertex = pDoc->m_TOTAL_VERTEX;

COLORREF color_vertex = pDoc->m_Color;

if{!pDoc->m_StatGraph) // don't create graph

{ AfxMessageBox(_T("You must create nodes and arcs!"));
return;

H

if{!pDoc->m_StateTREE)

{ AfxMessageBox(_T("You must initialize on show Graph."));

return;
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!

pDoc->m_StateBITREE = TRUE: pDoc->m_StateTREE = FALSE;
InitArrayRootedTree();

// connection all node on a graph

pDigraph = new CDigraph(total_vertex, color_vertex);

POSITION aPos = pDoc->GetListHeadPosition();

while(aPos)
{ pElement = pDoc->GetNext(aPos);
if{!aFlageTree)
{ aFlageTree = TRUE;
pVertex = pDigraph->Make Graph(pElement);
H
else

pVertex = pDigraph->Add_Vertex(pVertex. pElement);
ifl ((CVertex*)pVertex)->m_Vertex level > pDoc->m_SizeLevel)
pDoc->m_SizeLevel++;
}
m_Vertex = NULL:
m_TmpVertex = pVertex:
m_Vertex = pVertex;
/f Connection arc between all nodes
aPos = pDoc->GetArcListHeadPosition();
while(aPos)
{ pSource = pDestinate =0;
pElement = pDoc->GetArcNext(aPos);
pSource = pDigraph->Find_Vertex(pVertex,((CArc*)pElement)->m_End_ vertex);
pDestinate = pDigraph->Find_Vertex(pVertex,((CArc*)pElement)->m_Start_vertex);
if{{pSource '= NULL) && (pDestinate != NULL))
pDigraph->Joint_Vertex(pSource. pDestinate, pElement);
H
/f Now, am_Vertex is final a graph that is connected all
e e
/Il To create tree by traverse diagraph
1
/f This algorithms takes to convert a diagraph to a tree
BOOL Flage_Check = FALSE;
CElement *aFather = NULL; CElement *xFather = NULL;
CEdge *aEdge =NULL; CElement *aPoint=NULL;

CElement *pPoint = pVertex;

iflm_Tree)
{ delete m_Tree; m_Tree =0;
+

// outer loop
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while(pPoint)

{

aFather = xFather = NULL; aEdge = NULL: m_Tree = NULL;

m_Tree = new CTree(pDoc->m_Color):

aFlageTree = FALSE: aPoint = pPoint;

m_VertexTree = NULL:

/finner loop

while(aPoint)

{ ((CVertex*)aPoint)->m_Marked = TRUE;
m_Tree->m_SizeLevel = pDoc->m_SizeLevel;
if(!aFlageTree)

{ aFlageTree = TRUE;

m_VertexTree = m_Tree->MakeTree(aPoint); //create rooted tree and get rooted graph

else
{ xFather = m_Tree->FindFather(m_VertexTree, aFather, aPoint);
if(xFather)
m_Tree->Addson_SortedCommu(xFather, aPoint, aEdge):
}
aEdge = ((CVertex*)aPoint)->m_First_edge;
if{aEdge) '
{ aFather = aPoint;
iflaBdge->m_Next edge)
{ pDoc->Push_StackEdge(aEdge);
pDoc->Push_StackFather(aFather);
i
aPoint = aEdge->m_End_point;

else
{ ifl (pDoc->Empty_StackEdge()) && (pDoc->Empty_StackFather()))
aPoint =NULL;
else
{ aEdge = (CEdge*)pDoc->Pop_StackEdge();
aFather = pDoc->Pop_StackFather();
aEdge = aEdge->m_Next_edge;
iflaEdge->m_Next_edge)
{ pDoc->Push_StackEdge(aEdge);
pDoc->Push_StackFather(aFather);
}
aPoint = aEdge->m_End_point;

}

}// while inner loop
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m_RootedTree[((CVertex*)m VertexTree)->m_Task_no] = 1;
pDoc->Push_RootedTree(m_VertexTree);
Flage Check = FALSE:

pPoint = pVertex:

// this loop checks amount of trees

while(pPoint)
{ if{ (((CVertex*)pPoint)->m_Marked) = TRUE )
pPoint = ((CVertex*)pPoint)->m_Next_vertex;
else
{ Flage Check = TRUE: break:
i
}

if(Flage_Check == FALSE)
pPoint = NULL;
}// outer loop
WU
// initialize object tree
pDoc->InitObject_Tree();
// Traverse in tree and delete all trees
while(!pDoc->Empty_StackArrayTree())
{ aPoint = pDoc->Pop RootedTree();
1/ save rooted tree
pDoc->Push_RootedBinaryTree(aPoint);
1if Total Vertex exeed 50 don't paint TREE
iflpDoc->m_TOTAL. VERTEX < 50)
{ {/ Re-initialize level on tree
m_Tree->m_CurrentLevel = 0; ~m Tree->m_PrevLevel = 0;
// assign position
m_Tree->Assign_Position(aPoint, TREE);
{/ assign edge
m_Tree->Assign_Edge(aPoint, TREE),
/ldelete a tree

/im_Tree->Deleted_Tree(aPoint);

}

// Delete CDigraph

if(pDigraph)

{ delete pDigraph; pDigraph = 0;

}

// Update Windows
iflpDoc->m_TOTAL_VERTEX < 50)

{ pDoc->m_StageShown = SHOW_TREE;
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InvalidateRect(0);

S I L T L LA R T
// The OnShowBinaryTree( ) is called when the user clicks on a BinaryTree button.
// OnShowBinaryTree( ) is used to converse an inverse pointer binary tree into an
/I inverse pointer binary tree.
i
void CATCS View::OnShowBinaryTree()
{ // TODO: Add your command handler code here
CElement *aPoint=NULL;
CATCSDoc* pDoc = GetDocument();
ASSERT_VALID(pDoc);
if{!pDoc->m_StatGraph) // don't create graph
{ AfxMessageBox(_T("You must create nodes and arcs!"));
return;
}
if{!pDoc->m_StateBITREE)
{ AfxMessageBox(_T("You must create tree or reinitalize Digraph again.”));
return;
}
if{(pDoc->Empty_StackBinaryTree())
{ AfxMessageBox(_T("You can not create Binary InTree.")):
return;
}
pDoc->m_StateCLUSTER = TRUE;
pDoc->InitObject_BiTree();
m_Tree->m_Leaf=0; m_Tree->m_StartGroup = 1;
m_Tree->m_Start =0; m_Tree->m_Current = 0;

m_Tree->m_ChildGroup =0; m_Tree->m_SizeLevel = 0; / level size of tree

while(!pDoc->Empty_StackBinaryTree() )

{ aPoint = pDoc->Pop_RootedBinaryTree();
m_Tree->MakeBinaryTree(aPoint, NULL, 0);
pDoc->Push_RootedCluster(aPoint);

//if Total Vertex exceed 50 nodes don't paint binarytree
if(pDoc->m_TOTAL_VERTEX < 50)
{ m_Tree->AssignLevel(aPoint, 0);

// Re-initialize level on tree

m_Tree->m_CurrentLevel =0; m_Tree->m_PrevLevel =0;



}

m_Tree->Assign_Position(aPoint, BI_TREE):
m_Tree->Assign_Edge(aPoint, BI_TREE);
1

}//outer loop

/idelete m_Tree object

iflm_Tree)

{ delete m_Tree: m_Tree = 0;

1

/l Update Windows

/1 if Total vertex exeec 50 nodes then don't paint binarytree

ifl(pDoc->m_TOTAL_VERTEX < 50)

{ pDoc->m_StageShown = SHOW_BITREE;

InvalidateRect(0);

R

// The OnShowCluster( ) is called when the user clicks on a ShowCluster button.

{/ OnShowCluster( ) is used to parition nodes on an inverse pointer binary tree into

/I a several task-clusters.

i

void CATCSView::OnShowCluster()

{

J// TODO:; Add your command handler code here
int i=0:

int aCommuCost, aStartedTime, aCompletedTime;
int aCurrent_R, aCurrent C;  int dif level=0;
UINT minl, min2, max1, max2;

CRect aRect:

CElement *aElement; CElement *aTask;
CElement *aPoint;

CEdge *aEdge;

CATCSDoc* pDoc = GetDocument();
ASSERT_VALID(pDoc);
if('pDoc->m_StatGraph) // don't create graph

{ AfxMessageBox(_T("You must create nodes and arcs!"));
return;

}

if(lpDoc->m_StateCLUSTER)

{ AfxMessageBox(_T("You must create Binary Tree Before."));
return;

}

iflpDoc->Empty_StackCluster())

{ AfxMessageBox(_T("You must create or reinitialize Digraph again."));

return;

256
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}

pDoc->m_StateSCHEDULE = TRUE;

CPoint aPointStart = 0; CPoint aPointEnd = 0;

CString msg;

iftm_Cluster)

{ AfxMessageBox(_T("You must reinitailize Digraph again.”));

pDoc->m_StateCLUSTER = FALSE;
return;

}

m_Cluster = new CCluster(pDoc->m_Color);//create cluster

ifi!m_Cluster)

{ AfxMessageBox(_T("Cannot allocate Task Cluster"));
return;

}

m_Cluster->Put_TotalTask(pDoc->m_TOTAL VERTEX);

m_Cluster->Allocate_SetOfTask();

aElement = m_Vertex; /m_Vertex from Digraph

while(aElement)

{ ((m_Cluster->m_SetTask)+i)=>m_cost = ((CVertex*)aElement)=>m_Execute._cost;
((m_Cluster->m_SetTask)+i)->m_number = ((CVertex*)aElement)->m_Task no;
aElement = ((CVertex*)aElement)->m_Next_vertex;
it

}

while(!pDoc->Empty_StackCluster())

{ aElement = pDoc->Pop_RootedCluster();
m_Cluster->AdaptiveTaskCluster(aElement, aCommuCost, aStartedTime, aCompletedTime, NULL):

}

{1*x%x*% make Graph task cluster **¥*¥x**x

CSetTask *aSetCluster;

if(!m_Original_DiGraph)

{ AfxMessageBox(_T("The original Digraph does faill"));
return;

}

int index=0, aLevel=0;

CElement *pElement;

BOOL FlageMakeCluster;

POSITION aPos;

aCurrent_R = aCurrent_C =0;

// Initialize Objeci Cluster

pDoc->InitObjCluster();

/! outer while loop
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while(!m_Cluster->Empty_SetOfTaskCluster())

{

aSetCluster = m_Cluster->Get_SetOfTaskCluster();

FlageMakeCluster = FALSE:

index = m_Cluster->Get_TotalTask():

aPos = pDoc->GetListTailPosition();

pElement = 0;

// Combine all vertexs

while(aPos)

{

pElement = pDoc->GetPrev(aPos);
if *(aSetCluster->m_SetCluster + (index-1)) == 1)
{ if(!FlageMakeCluster)

{ FlageMakeCluster = TRUE;

m_NodeCluster = m_Cluster->Make_Graph(pElement);

else
m_NodeCluster = m_Cluster->Add_Vertex(m_NodeCluster, pElement);
i end if
index--;

}// end Combine all vertexs

// Assign new level on a task cluster

aLevel = 0;

aTask = m_NodeCluster;

while(aTask)

{

}

((CVertex*)aTask)->m_Vertex_level = aleveli+;

aTask = ((CVertex*)aTask)->m_Next_vertex;

/- Connection arc between all vertexs

CElement *pSource, *pDestinate;

aPos = 0;

aPos = pDoc->GetArcListHeadPosition();

while(aPos)

{

)

pSource = pDestinate = NULL;
pElement = pDoc->GetArcNext(aPos);
pSource =m_Cluster->Find. Vertex(m NodeCluster,((CArc*)pElement)->m_Start_vertex);
pDestinate = m_Cluster->Find_Vertex(m_NodeCluster,((CArc*)pElement)->m_End_vertex);
ifl(pSource = NULL) && (pDestinate != NULL))

m_Cluster->Joint_Vertex(pSource, pDestinate, pElement);

//Define Position of task and arc on a task cluster
if{(pDoc->m_TOTAL_VERTEX <50)

{

aCurrent R = 3; aCurrent C +=4; aRect=0;
aPoint = m_NodeCluster;
while(aPoint)
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{ GetCellRect(aCurrent_R, aCurrent_C, &aRect);
((CVertex*)aPoint)->m_Rect = aRect;
((CVertex*)aPoint)->SetBoundRect(aRect);
pDoc->AddObjCluster(aPoint); //save object cluster
aPoint = ((CVertex*)aPoint)->m_Next_vertex;
aCurrent R +=3;

}

aPoint = m_NodeCluster;

while{aPoint)
{ aEdge = ((CVertex*)aPoint)->m_First_edge;
while(aEdge)

{ aPointStart.x = ((CVertex*)aPoint)->m_Rect.right - (m_nCellWidth/2);
aPointStart.y = ((CVertex*)aPoint)->m_Rect.bottom;
aPointEnd.x=((aEdge->m_End_point)>m_Rect.left + (m_nCellWidth/2)) -1;
aPointEnd.y = (aEdge->m_End_point)->m_Rect.top;
aEdge->m_StartPoint = aPointStart;

aEdge->m_EndPoint = aPointEnd;
dif level = (aEdge->m_End_point)->m_Vertex_level —
((CVertex*)aPoint)=>m_Vertex_level;

if(dif tevel > 1)

{ // draw crave line
aEdge->m_STATE POLY = TRUE;
aEdge->m_POLY'| = aPointStart;
aEdge->m_POLY2.x = ((CVertex*)aPoint)->m Rect.left -

m_nCellWidth;

aEdge->m_POLY2.y = aPointEnd.y - ((aPointEnd.y - aPointStart.y)/2);
aEdge->m_POLY3 = aPointEnd;
aRect.left =(aEdge->m_End point)->m_ Rect.left + m_nCellWidth;
aRect.right = ((CVertex*)aPoint)->m_Rect.right - (m_nCellWidth/2);
aRect.top = ((CVertex*)aPoint)=>n_Rect.bottom;
aRect.bottom = (aEdge->m_End_point)->m_Rect.top:
max1 = aRect.right;
max2 = aRect.left + (m_nCellWidth/2);
#/ CreateHead Arrow
CreateHeadArrow(max1, max2, aEdge, aRect);

}

else

{ // draw straight line
minl = min2 = maxl = max2 = 0;
minl = min( ((CVertex*)aPoint)->m_Rect.right,

((CVertex*)aPoint)->m_Rect.left );
min2 = min( (aEdge->m_End_point)->m_Rect.right,
(aEdge->m_End_point)->m_Rect.left);
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max| = max( ((CVertex*)aPoint)->m_Rect.right.
((CVertex*)aPoint)->m_Rect.left);
max2 = max( (aEdge->m_End_point)->m_Rect.right,
(aEdge->m_End_point)->m_Rect.left);
aRect.left = min(minl, min2);
aRect.right = max(max1, max2);
aRect.top = ((CVertex*)aPoint)->m_Rect.bottom;
aRect.bottom = (aEdge->m_End_point)->m_Rect.top;
// create head arrow of each edge
CreateHeadArrow(max 1, max2, aEdge, aRect);
}
aEdge->SeiBoundRect(aRect);
pDoc->AddObjCluster(aEdge);  // added to object list
aEdge = aEdge->m_Next_edge:
}//while aEdge
aPoint = ((CVertex*)aPoint)->m_Next_vertex;
}itwhile aPoint
}//if pDoe->m TOTAL_VERTEX < 50
//Save Each Task Cluster on to the stack
pDoc->Push_RootedCluster(m_NodeCluster);
}/ end outer while loop
// Update View Windows
iflpDoc->m_TOTAL_VERTEX < 50)
{ pDoc->m_StageShown = SHOW_CLUSTER;
InvalidateRect(0);

e e e e e e

// The OnShowSchedule( ) is called when the user clicks on a ShowSchedule button.

/! OnShowSchedule( ) is used to show a set of task-cluster that is used to schedule on

// processors.

"

void CATCSView::OnShowSchedule()

{

// TODO: Add your command handler code here

int aCurrent_R, aCurrent C; int dif level=0;
int aTotalCluster;

CRect aRect;

UINT minl, min2, max1, max2;

CPoint aPointStart = 0; CPoint aPointEnd = 0:
CEdge *aEdge=0; aTotalCluster = 0;
CATCSDoc* pDoc = GetDocument();

ASSERT VALID(pDoc);

if(!pDoc->m_StatGraph) / don't create graph

260
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{ AfxMessageBox(_T("You must create nodes and arcs!")):

return;

l
¥

if{lpDoc->m_StateSCHEDULE)

{ AfxMessageBox(_T("You must create Cluster before."));
return;
}
pDoc->m_StateBITREE = FALSE; pDoc->m_StateTREE = FALSE;

pDoc->m_StateCLUSTER =FALSE;  pDoc->m_StateSCHEDULE = FALSE;

// Initialize object a set of task cluster
pDoc->Init_aSetOfTaskCluster(); aCurrent_R = aCurrent C =0;
if(!m_Original DiGraph)
{ AfxMessageBox(_ T("Please intialize Digraph again!"));
return;
}
if{!InitMatrixDigraph(m_Original_DiGraph))
AfxMessageBox(_T("Can not create matrix Digraph."));
iflpDoc>Empty_StackCluster())

{ AfxMessageBox(_T("You can not create schedule for this cluster.”)); ~ =
return;

}

CString msg;

BOOL FlageMake = FALSE; BOOL FlageSave = FALSE:
CElement *pSink, *pNode; ~ CElement *pPrev, *aPoint;
CNodeBi *pRooted=0;

while(!pDoc->Empty_StackCluster())

{ pSink = pNode = pPrev = aPoint = 0; FlageSave = FALSE;
pNode = pDoc->Pop RootedCluster(); pPrev = pNode;
while(pPrev)

{ pSink = pPrev;
pPrev = ((CVertex*)pPrev)->m_Next_ vertex;
}
/! Insert task-cluster onto a set of task-clusters
/! if a task-cluster duplicates on a set of tack-clusters.
// 1t don't insert onto a set of task-clusters.
if(!FlageMake)
{ FlageMake = TRUE;
pRooted = m_Cluster->MakeBiTree( ((CVertex*)pSink)->m_Task_no );
aPoint = pNode;
pDoc->Push_RootedSchedule(pNode);

aTotalCluster++;
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FlageSave = TRUE:

}
else
{ iflm_Cluster->InsertNodeOnBiTree(pRooted, ((CVertex*)pSink)->m_Task_no))
{ aPoint = pNode:
pDoc->Push_RootedSchedule(pNode);
aTotalCluster++:
FlageSave = TRUE:
}
}
if((FlageSave) && (pDoc->m_TOTAL_VERTEX<50))
{ /! to define positon to paint on the view
aCurrent_ R = 3; aCurrent_C +=4;
aRect =0;
while(aPoint)
{ GetCellRect(aCurrent R, aCurrent C, &aRect);

((CVertex*)aPoint)->m_Rect = aRect;
((CVertex*)aPoint)->SetBoundRect(aRect);
pDoc->Add_aSetOfTaskCluster(aPoint); //save object cluster
aPoint = ((CVertex*)aPoint)->m_Next._ vertex;
aCurrent R +=3:
}
aPoint = pNode;
while(aPoint)
{ aEdge = ((CVertex*)aPoint)->m_First_edge;
while(aEdge)
{ =aPointStart.x = ((CVertex*)aPoint)->m_Rect.right - (m_nCellWidth/2);
aPointStart.y = ((CVertex*)aPoint)->m_Rect.bottom;
aPointEnd.x = ((aEdge->m_End_point)->m_Rect.left + (m_nCellWidth/2)) -1;
aPointEnd.y = (aEdge->m_End_point)->m_Rect.top;
aEdge->m_SurtPoint = aPointStart:
aEdge->m_EndPoint = aPointEnd;
dif_level = (aEdge->m_End_point)->m_Vertex_level -

((CVertex*)aPoint)->m_Vertex_level;

if(dif level > 1)

{ // draw crave line
aEdge->m_STATE POLY = TRUE;:
aEdge->m_POLY 1 = aPointStart;
aEdge->m_POLY2.x = ((CVertex*)aPoint)->m_Rect.left - m_nCellWidth;
aEdge->m_POLY2.y = aPointEnd.y - ((aPointEnd.y - aPointStart.y)/2);
aEdge->m_POLY3 = aPointEnd;
aRectleft =(aEdge->m_End_point)->m_Rect.left + m_nCellWidth;
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aRect.right = ((CVertex*)aPoint)->m_Rect.right - (m_nCellWidth/2);
aRect.top = ((CVertex*)aPoint)->m_Rect.bottom;
aRect.bottom = (aEdge->m_End_point)->m_Rect.top;
max| = aRect.right;
max2 = aRect.left + (m_nCellWidth/2);
// CreateHeadArrow
CreateHeadArrow(max1, max2, aEdge, aRect);
}
else
{ // draw straight line
minl = min2 = max1 = max2 = 0;
minl = min( ((CVertex*)aPoint)->m_Rect.right,
((CVertex*)aPoint)->m_Rect.left );
min2 = min( (aEdge->m_End_point)->m_Rect.right,
(aEdge->m_End_point)->m_Rect.left);

max] = max( ((CVeriex*)aPoint)->m_Rect.right,
((CVertex*)aPoint)->m_Rect.left);
max2 = max( (aEdge->m_End_point)->m_Rect.right,
(aEdge->m_End_point)>m_Rect.left);
aRect.left = min(minl, min2);
aRect.right = max(max1, max2);
aRect.top = ((CVertex*JaPoint)->m_Rect.bottom;
aRect.bottom = (aEdge->m_End_point)->m_Rect.top;
/# create head arrow of each edge
CreateHeadArrow(max I, max2, aEdge, aRect);
1
aEdge->SetBoundRect(aRect);
pDoc->Add_aSetOfTaskCluster{(aEdge);  // added to object list
aEdge = aEdge->m_Next edge:
}// end while edge
aPoint = ((CVertex*)aPoint)<>m_Next_vertex;
}// end while point

M/ if statmente FlageSave

}// end while pop up stack cluster
/I Computed Makespan
CSingleNode *aNode= new CSingleNode[aTotalCluster];

for(int i=0; i<aTotalCluster; i++)
{ (aNode+i)->m_number = 0; (aNode+i)->m_cost = 0;
(aNode+i)->m_started = 0; (aNode+i)->m_finished = 0;



m_Cluster->GetSinkNode_OnBiTree(pRooted. aNode, aTotalCluster).
m_nScheduleTime = Get_MakeSpan(aNode. aTotalCluster);

m_nMakeSpan = Get_Makespan_DAG():

m_nSpeedUp =0.0;

m_nSpeedUp = (double}(m_nSchedule_Single P)/{double)(m_nScheduleTime):
m_nFinalCluster =0;

m_nFinalCluster = aTotalCluster;

delete [ ] aNode;

// Update View Windows
ifipDoc->m_TOTAL_VERTEX < 50)

{ pDoc->m_StageShown = SHOW_ATCS;
InvalidateRect(0);
}
CElement *pPoint; CEdge *pEdge;  aEdge=NULL;

CElement *pGraph=m_Vertex;
while(pGraph)
{ pPoint = pGraph;
pEdge = ((CVertex*)pPoint)->m_First_edge;
while(pEdge)
{ aEdge = pEdge;
pEdge = pEdge->m_Next edge:
delete aEdge: aEdge = 0;
}
pGraph = (CVertex*)pGraph)->m_Next_vertex;
delete pPoint; pPoint = NULL;
}
m_Vertex =NULL; m_TmpVertex = NULL;
}
O T
// Computed MakeSpan ona DAG
int CATCSView::Get_MakeSpan(CSingleNode *aArrayNode, int aSize)
{ POSITION aPos, alndexStack;
CElement *pNode = NULL; CElement *pPrev = NULL;
CElement *pCurrent = NULL; CElement *pSink = NULL;
CLinkList *pLinkList = NULL; CLinkList *pTempLinkList = NULL;
CElement *pArc = NULL;
int pStart, pEnd;  int makespan = 0; int aStarted_Time = 0;
int aFinished Time = 0; int Time_Finished Outside =0; int Schedule_Time = 0;
int j=0;
CSingleNode *a_Set_Of Source;
CATCSDoc* pDoc = GetDocument();
ASSERT_VALID(pDoc);
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CString msg.
/ Get a set of source node on a DAG
/! Source node is set 1o TRUE
/{ Sink node is set to FALSE
int index;
a_Set Of Source = new CSingleNode[pDoc->m TOTAL VERTEX];
for(j=0; j< pDoc->m_TOTAL_VERTEX; j++)
{ (a_Set_Of_ Source+j)->m_number = j+1;
(a_Set_Of_Source+j)->m_Source_Node = TRUE:
}
alndexStack = pDoc->GetArcListHeadPosition();
while(alndexStack)
{ pNode = pDoc->GetArcNext(alndexStack);
index = ((CArc*)pNode)>m_End_vertex;
(a_Set_Of Source + (index-1))->m_Source_Node = FALSE;
}
CElement * aArray_Cluster; pStart = pEnd = 0:
for(int i=0; 1 < aSize; i++)
{ aPos = pDoc->GetTailSchedule();
while(aPos)
{ pNode = pDo¢->GetPrevSchedule(aPos):
pPrev = pNode;
pStart = ((CVertex*)pNode)->m_Task_no:
while(pPrev)
{ pSink = pPrev;
pPrev = ((CVertex*)pPrev)->m_Next_vertex;
}
pEnd = ((CVertex*)pSink)->m_Task_no:
if{ ((CVertex*)pSink)->m_Task_no == (aAmayNode+i)->m_number )
break;
H
/// continue
aArray Cluster=pNode; // acluster

pCurrent = pNode; Il a cluster

aStarted_Time =0; aFinished Time = 0; Time_Finished_Outside = 0;
while(pCurrent) //every node in a cluster
{ if{Check_Source_Node(a_Set Of Source, pDoc->m_TOTAL_VERTEX, pCurrent))
{ aFinished_Time = aStarted_Time + ((CVertex*)pCurrent)->m_Execute_cost;
aStarted_Time = aFinished_Time;

else

{ //Get a set of predecessor nodes of current node on a cluster
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pLinkList = Read_Source_Node(pLinkList, pCurrent);
pTempLinkList = pLinkList;
while(pTempLinkList)
{ if(Check_Is On_Cluster(aArray_Cluster. pTempLinkList))
aStarted Time = aStarted_Time:
else // is outside on cluster
Time_Finished Outside =
Get_Finished Time_Of Outside_Cluster(aArrayNode,aSize,
pTempLinkList->info) +
Communication Time Of Node_Outside Cluster(
pTempLinkList->info,

((CVertex*)pCurrent)->m_Task_no);

if(Time_Finished_Outside > aStarted_Time)
aStarted_Time = Time_Finished Outside;
#/ get next a predecedance node
pTempLinkList = pTempLinkList->pNextNode;
}/! while

/Idefine aFinished Time and aStarted_Time
aFinished Time = aStarted Time +
((CVertex*)pCurrent)->m_Execute_cost;
aStarted_Time = aFinished_Time;
Hi else if

pCurrent = ((CVertex*)pCurrent)->m_Next_vertex; /get next nede in a cluster

if{pLinkList)

{ m_Cluster->FreeLinkList(pLinkList);
pLinkList=NULL;

}

if{ aFinished_Time> Schedule_Time)
Schedule_Time = aFinished Time;
}// while for pCurrent

Insert Finished Time Onto_Cluster(aArrayNode, aSize, pEnd, aFinished_Time);

} i for loop
delete [ ] a_Set_Of Source;
return Schedule_Time;
}
Y
BOOL CATCSView::Insert_Finished Time_Onto_Cluster(CSingleNode *aArraySinkNode, int aSize, int pSinkNode,
int aFinished Time)
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{ for(int index = 0; index < aSize; index++)
{ if((aArraySinkNode +index)->m_number == pSinkNode)
{ (aArraySinkNode+index)->m_finished = aFinished Time;
return TRUE:
}
}
return FALSE;
H

e e
int CATCSView::Get_Finished Time Of Outside_Cluster(CSingleNode *pSinkNode. int aSize, int pPredecessor)
{ for(int index=0; index < aSize: index++)
{ if{ (pSinkNode-+index)->m_number == pPredecessor)
return ((pSinkNode+index)->m_finished);
}
return 0;
}
I RN L R L L TR T LT
int CATCSView::Communication_Time_Of Node_Outside_Cluster{(int pSource, int pDestinate)
{ POSITION aPos;
CElement *pArc = NULL;
CATCSDoc* pDoc = GetDocument();
ASSERT_VALID(pDoc);
aPos . = pDoc->GetArcListHeadPosition():
while(aPos)
{ pArc = pDoc->GetArcNext(aPos);
if( ( ((CArc*)pArc)->m_Stari_vertex == pSource) &&
( ((CArc*)pArc)->m_End vertex == pDestinate) )

return ((CArc*)pArc)=>m_Commu_cost;

return 0;
}
Y e e e
BOOL CATCSView::Check_Is_On_Cluster(CElement *pCluster, CLinkList *pNode)
{ while(pCluster)

{ if{ pNode->info == ((CVertex*)pCluster)->m_Task_no )

return TRUE;
pCluster = ((CVertex*)pCluster)->m_Next_vertex;

}

return FALSE;
H
e e
BOOL CATCSView::Check_Source_Node(CSingleNode *pArray_Source, int aSize, CElement *pNode)

{ CString msg;
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for(int i=0: i< aSize; i++)
{ if( ((pArray_Source+i)->m_number == ((CVertex*)pNode)->m_Task_no ) &&
( (pArray_Source+i)->m_Source_Node == TRUE ) )
return TRUE;
}
return FALSE:
H
N e e e
CLinkList *CATCSView::Read Source Node(CLinkList *pLinkList, CElement *pNode)
{ POSITION aPos;
CElement *pArc = NULL;
CATCSDoc* pDoc = GetDocument();
ASSERT_VALID(pDoc);
aPos = pDoc->GetArcListHeadPosition();
while(aPos)
{ pArc = pDoc->GetArcNext(aPos):
ifl ((CArc*)pArc)->m_End vertex ==((CVertex*)pNode)->m_Task no)
pLinkList=m_Cluster->InserfToLinkList(pLinkList. ((CArc*)pArc)->m_Start_vertex);
}
return pLinkList;
}
Y e e e e e i
int CATCSView::Get_Makespan_DAG()
{ int MakeSpan, Grand_MakeSpan;
CString msg;
CElement *aPoint=NULL;
CElement *pPoint =NULL;
CElement *pFather = NULL;
CEdge *pEdge = NULL;
int *pLinkMakeSpan;
// Get Class Document
CATCSDoc* pDoc = GetDocument();
ASSERT_VALID(pDoc);
// Allocate and Initialize
pLinkMakeSpan = new int[100];
for(int i=0; i< 100; i++)
pLinkMakeSpan(i] = 0;
BOOL Flage_Check = FALSE;
MakeSpan = Grand_MakeSpan = 0;
pPoint = m_Original_DiGraph;
/f initialize marked for all nodes on a DAG
aPoint = pPoint;

while(aPoint)
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{ ({CVertex*)aPoint)->m_Marked = FALSE;

aPoint = ((CVertex*)aPoint)->m_Next_vertex;

}

while(pPoint)// Outer while loop

{ pFather = NULL:

pEdge =NULL; aPoint = pPoint:

while(aPoint) // inner while loop

{

((CVertex*)aPoint)->m_Marked = TRUE;

/{ To Compute makespan

MakeSpan += ((CVertex*)aPoint)->m_Execute_cost;

pEdge = ((CVertex*)aPoint)->m_First_edge:

iflpEdge)
{

else

pFather = aPoint;

if(pEdge->m_Next_edge)

{ pDoc->Push_StackEdge(pEdge);
pDoc->Push_StackFather(pFather);
/I push makespan
m_Cluster->PushMakeSpan(pLinkMakeSpan, MakeSpan);

}

/{ To Compuie makespan

MakeSpan += pEdge->m_Commu_cost;

aPoint = pEdge->m.End_point;

if(MakeSpan > Grand_MakeSpan)
Grand_MakeSpan = MakeSpan;
if{ (pDoc->Empty_StackEdge()) && (pDoc->Empty_StackFather()))
aPoint = NULL;
else
{ pEdge = (CEdge*)pDoc->Pop_StackEdge();
pFather = pDoc->Pop_StackFather();
Il Pop makespan
MakeSpan = m_Cluster->PopMakeSpan(pLinkMakeSpan);
pEdge = pEdge->m_Next edge;
if(pEdge->m_Next_edge)
{ pDoc->Push_StackEdge(pEdge);
pDoc->Push_StackFather(pFather);
// push makespan
m_Cluster->PushMakeSpan(pLinkMakeSpan, MakeSpan);
}
// To Compute makespan
MakeSpan += pEdge->m_Commu_cost;
aPoint = pEdge->m_End_point;
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t
}i mner while loop
pPoint = m_Original_DiGraph: Flage_Check = FALSE:
while(pPoint)
{ ifl ((CVertex*)pPoint)->m_Marked == TRUE )
{ pPoint = ((CVertex*)pPoint)->m_Next_vertex;
MakeSpan = 0;
H
else
{ Flage Check = TRUE;
break;
}

}
if(Flage_Check =— FALSE)
pPoint = NULL;
}// Outer while loop

{f**#*%%* Tg find executeion time on a single processor *** #¥¥srkxs
m_nSchedule_Single P=0;
pPoint =m_Original_DiGraph;
while(pPoint)
{
m_nSchedule_Single_P += ((CVertex*)pPoint)->m_Execute_cost;
pPoint = ((CVertex*)pPoint)->m_Next_vertex;
}
delete [ } pLinkMakeSpan;
retum Grand. MakeSpan;
}
Y L T e e g
BOOL CATCSView::InitMatrixDigraph(CElement *pElement, int pMatrix[ J[MAX_MATRIX])
{ CElement *aPoint; CEdge *aEdge;
CATCSDoc* pDoc = GetDocument();
ASSERT VALID(pDoc);
if{!pElement)
return FALSE;
for(int i=0; i<MAX_MATRIX; i++)
for(int j=0;j<MAX_MATRIX; j++)
pMatrix[i][j] = 0:

int aPos=0; aPoint = pElement;
while(aPoint)
{ aPos = ((CVertex*)aPoint)->m_Task_no;

aEdge = ((CVertex*)aPoint)->m_First_edge;



while(aEdge)
{ pMatrix[aPos][((CVertex*)(aEdge->m_End_point))->m_Task_no] = 1.

aEdge = aEdge->m_Next _edge:

H

aPoint = ((CVertex*)aPoint)->m_Next vertex:
}
return TRUE;

}
e e
BOOL CATCSView::InitMatrixDigraph(CElement *pElement)
{ CElement *aPoint;
CEdge *aEdge;
CATCSDoc* pDoc = GetDocument();
ASSERT_VALID(pDoc);
if(!pElement)
return FALSE;
for(int i=0; i<MAX_MATRIX; i++)
for(int j=0;<MAX_MATRIX; j++)
m_MatrixDigraph[il(j] = 0;
int aPos=0; aPoint = pElement;
while(aPoint)
{ Pos = ((CVertex*)aPoint)->m_Task. no;
aEdge = ((CVertex*)aPoint)->m_First_edge;
while(aEdge)
{ m_MatrixDigraph[aPos][((CVertex*)}(aEdge->m_End_point))->m_Task_no] = 1;
aEdpe = aEdge->m_Next edge;
¥
aPoint = ((CVertex*)aPoint)->m_Next_vertex;
}
return TRUE;
}
T e e e
i
void CATCSView::OnUpdateSingleProcessor(CCmdUI* pCmdUI)
{
CString msg;
msg.Format(_T("Time on 1 Processor %d"), m_nSchedule_Single P);

pCmdUI->Enable(TRUE);
pCmdUI->SetText(msg);
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e T e
void CATCSView::OnUpdateMakespan(CCmdUI* pCmdUI)

{
CString string;
string. Format(_T("Makespan %d"), m_nMakeSpan):
pCmdUl->Enable(TRUE);
pCmdUI->SetText(string);

}

e e

H"
void CATCSView::OnUpdateSchedule(CCmdUI* pCmdUI)
{
CString string;
string. Format(_ T("ATCS Time %d"), m_nScheduleTime);
pCmdUl->Enable(TRUE);
pCmdUI->SetText(string);
H

e T
i :
void CATCSView::OnUpdateSpeedup(CCmdUT* pCmdUI)

{
CString string;
string. Format(_T("Speed Up %04f"), m_nSpeedUp);
pCmdUI->Enable(TRUE);
pCmdUI->SetText(string);

}

e R e e e
i
void CATCSView::OnUpdateSetCluster(CCmdUI* pCmdUTI)
{
CString msg;
msg.Format(_T("Set of Clusters %d"), m_nFinalCluster );
pCmdUI->Enable(TRUE);
pCmdUI->SetText(msg);



e

void CATCS View::OnRandomdag()

{

CString msg;

CElement *pElement;

int aRange Execute=0;

int aRange_MaxExecute = 0;

int aRange_Communicate = 0;
int aRange Depth = 0:

int aRange Arc =0;

BOOL aFine_Grain = FALSE:
BOOL aCoarse_Grain = FALSE;
int random_amount_node;

int random_execute_node;

int random_arc_node;

int random_destinate_node;

int random_communicate;

int *array old_node;

int *pPoint_x =NULL;

int amount_node=0;

int Total Arc=0;

// TODOQ: Add your command handler code here
CATCSDoc* pDoc = GetDocument();
ASSERT VALID(pDac);

//Qpen Dialog “Generate Random DAG Dialog Box
CGeneratRandomDAG aDlg;

// Initialize with minimun value for each item
aDlg.m_RANGE_EXECUTE = I;
aDlg.m_RANGE MAXEXECUTE = 2;
aDlg.m_RANGE DEPTH = 3;
aDlg.m_RANGE_ARC = I;

aDlg.m_FINE_GRAIN =TRUE;
aDlg.m_COARSE_GRAIN =FALSE;

if(pDoc->m_StatGraph == FALSE)
{ if{ aDlg.DoModal() == IDOK)
{ pDoc->m_StatGraph = TRUE:

aRange Execute =aDlg.m RANGE_EXECUTE:
aRange MaxExecute =aDlg.m_RANGE MAXEXECUTE;
aRange Depth  =aDlgm RANGE DEPTH;

aRange Arc =aDlg.m_RANGE_ARC;

aFine_Grain =aDlg.m_FINE_GRAIN;

aCoarse_Grain = aDlg.m_COARSE_GRAIN;
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ifltaRange MaxExecute <= aRange Execute)

{ AfxMessageBox(_T("Max Execute must be exceed Min Execute.")):
return;

}

if{ (aFine_Grain == FALSE) && (aCoarse_Grain = FALSE))

{ AfxMessageBox(_T("You must select Fine or Coarse Grain."));
return;

}

if{ (aFine_Grain == TRUE) &#& (aCoarse_Grain == TRUE))

{ AfxMessageBox(_T("You must select Fine or Coarse Grain."));
return;

}

if{ aRange Arc >= aRange Depth)

{ AfxMessageBox(_T("A range Depth must exceed a range Arc."));
return;

}

int aTaskNo=0;

for(int i=0; i<= (aRange Depth); i++)
{ random_amount_node = 0; /random amount node on each level
while( (random_amount_node <= (aRange Depth-2)) ||
(random_amount_node>(aRange Depth + 1)) )
random_amount_node = rand()%255;
for(int j=0; j<random_amount_node ; j++)
{ random_execute_node = 0; //random execute node
while( (random_execute node < aRange_Execute) ||
(random_execute_node >aRange MaxExecute) )
random_execute node = rand()%255;
m_pTempNode = Create_Node(j+aTaskNo+ 1, random_execute_node, i);
pDoc->AddNode(m_pTempNode);
m_pTempNode = 0:
}
aTaskNo += random_amount_node;
amount_node += random_amount_node;
}// for loop
pDoc->m_TOTAL_VERTEX = amount_node;

/I generate communicate cost arcs for each node
POSITION aPos = pDoc->GetListHeadPosition();
while(aPos)
{ pElement = pDoc->GetNext(aPos);
if( ((CNode*)pElement)->m_Vertex_level <aRange Depth)
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{ random_arc_node = 0:
while( (random_arc_node < (2)) ||
(random_arc_node > aRange_Arc) )
random_arc_node = rand()%255;
// loop for a number of arcs per each node
array_old_node = new int[random_arc_node];
for(int i=0; i<random_arc_node; i++)
array_old_node[i] = 0;
for(int k=0; k<random_arc_node; k++)
{ random_destinate node =0;
pPoint_x = 0;
while( (random_destinate_node < 1) ||
(random destinate node > aTaskNo) ||
(!Difference_Level DAG(random_destinate node,
((CNode*)pElement)->m_Vertex_level)) |j
(Check_Duplicate Node(array _old_node,

random_destinate node, random_arc_node)) )

random_destinate node = rand()%255;
!
random_communicate=
Get_Random_Communicate(aRange Execute,
aRange MaxExecute,
((CNode*)pElement)->m_Execute_cost,
Get_ExecuteCost(random_destinate_node),
aFine_Grain, aCoarse_Grain);
array_old_node[k] = random_destinate_node;
m_pTempArc=
Create_ Arc(((CNode*)pElement)>m_Task_no,
random_destinate_node,
random_communicate);
pDoc->AddArc(m_pTempAre);
m_pTempArc = 0;
34l for
delete [ ] array_old_node;
Total Arc +=random_arc_node;
Yhf
}/iwhile(aPos)

pDoc->m_TOTAL_ARC = Total_Arc; // Assume
}/fif aDlg.DoModal() == IDOK
H/ if{ pDoc->m_StatGraph)
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e e e T e e e

BOOL CATCSView::Check Duplicate_Node(int *pArrayNode, int aDestinate_Node, int aSize)

{

for(int i=0; i<aSize; i++)

{ if( *(pArrayNode+i) == aDestinate_Node)
return TRUE;

}

return FALSE:; // not duplicate

R

BOOL CATCSView::Difference_Level DAG(int aDestinate_TaskNo, int aCurrentLevel)

{

}

CATCSDoc* pDoc = GetDocument();
ASSERT_VALID(pDoc):
CElement *pElement;

POSITION aPos = pDoec->GetListHeadPosition();

while(aPos)
{ pElement = pDoc->GetNext(aPos);
if{ ((CNode*)pElement)->m_Task_no == aDestinate_TaskNo )
{ if( ((CNode*)pElement)->m_Vertex_level > aCurrentLevel )
{ if{ ( ((CNode*)pElement)->m_Vertex_level - aCurrentLevel ) > 2)
return FALSE;
else
return TRUE;
}
else
return FALSE:
!
}
return FALSE;

e T e e

/] To Create Communicate arc of a random DAG

int CATCSView::Get_Random_Communicate(int aRange MinExecute, int aRange_MaxExecute, int aSource_Execute,

int aDestinate_Execute, BOOL aFine Grain, BOOL aCoarse_Grain)
int rand_commu = 0; :
ifl aCoarse_Grain == TRUE) // for a coarse grain
{ rand_commu = 0;
iflaSource_Execute > aDestinate_Execute)
{ while( (rand_commu > aDestinate_Execute) || (rand_commu <= (aDestinate_Execute/2)) )
rand_commu = rand() % 255;
}
else iftaSource_Execute < aDestinate_Execute)

{ while( (rand_commu > (aSource_Execute) ) ||
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(rand_commu <= (aSource_Execute/2)) )
rand_commu = rand() % 255:
}
else // aSource_Execute == aDestinate_Execute
rand_commu = aSource_Execute;

return rand_commu.

}
else // for a fine grain task
{ rand_commu = 0;

int aFine_Grain = 0;
// Range random a Granularity is between 6 to 10
while( (aFine_Grain < 6 ) || (aFine_Grain > 10))
aFine_Grain = rand() % 255;
while( (rand_commu <=aSource_Execute * 4) ||
(rand_commu > (aRange. MinExecute * aFine_Grain) ) )
rand_commu =rand()%255;

return rand_commu;

'
L e e
int CATCS View::Get_ExecuteCost(int aTask_No)
{ CATCSDoc* pDoc = GetDocument():
ASSERT. VALID(pDoc),
CElement *pElement;
int Execute_Cost=0;
POSITION aPos = pDoc->GetListHeadPosition();
while{aPos)
{ pElement = pDoc->GetNext(aPos);
if{ ((CNode*)pElement)->m_Task_no == aTask_No)
{ Execute_Cost = ((CNode*)pElement)=>m_Execute_cost;
break:

}

return Execute_Cost;

R = & | o R e e e g
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Figure 1) shows weight DAG
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{(a) Fork Set

{b) Joint Set

Figure 3) shows a Fork Set and Joint Set forany node on the DAG
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g(F)= min (44! max (A) )
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Tauid szdeuumvesnafildlunsdndesznin
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Trua o, AuTnua n 19 die Vn, €F,
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TaohidszAoaiuniveanarildlunisdndesznin

o A
Tvua o, fuTnua o 1aq e Vn, €1,
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DAG Hifwiiy

g, = min{ g(F ),g(J )} (3)
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idie optM)A a1 18910 145 an0i funsonisia
approximation algorithm %894 DAG nie makespan U094
MIRMUANITYDS DAG optM)Aaa 1 14910131
optimal ﬂq'm“muas € DAY relative approximation
algorithm
3) HTCA dane3ny
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asulunisafunguaruszlsznoudio 4 fuaeu

Dnsutas DAG Ieglugduuvvesdulfindudn
%y(lnverse Pointer tree) 2)n1n|1jmé’1’u1ﬁﬂﬁ’nﬁ'ﬁ;'lﬁag'
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Figure 4) shows transforming the DAG on figure 1 into the inverse pointer tree
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19 MakeBinary Tree 8a-na3fiulumsilas

MakeBinaryTree(v) /v is root of tree or root of subtree
{ IF( node v is not leaf node)
{ for( each child of node v} //u = each child of node v
CCu, = MakeBinaryTree(u,)
sort critical path order of CCuy,
While( child of v > 2 )
(1) to combine each pair of child of node v that has largest CCu, and
to make CCsp, = CCu, + CCu,
(2) to create space node and link each pair of child of node v
from (1) to space node then replace root subtree of each pair of
child node with space node
(3) to remove connection between node v with child from (1)
(4) 10 link node v to space node from (2) with new connection whose
communication cost equals to CCsp,
(5) sort critical path order of CCsp,
} Return A that is communication cost between node v and parent of node v
}

manuadududouveaiaiildves MakeBinaryTree

WY O(m log m) Tunsdift m iify v idaee 18 o v

log V)

Figure 5) shows transforming ani inverse pointer tree into an inverse
pointer binary tree

3) M3 14 Heuristic of Task Clustering 6an973-
fuadenguaty MINNMIYeY  Heuristic' of Task
Clustering(HTC)Milounil. Back Tracking 8aAB3 MM
Uszgnaldan  HTCuzmsi s Tnupuudulipen
fhungue marnuadududeouves HIC mhdy o(V)
o v fieduauTiuauy DAG HTC senoiganyag
pamgatasuTlswomed  TuvazReaiugnees
SnudnmazmsinisvesTusunsuuviudinnd
gauazna 1 lunnlszmananuuyurunliion
figadae aingilils uamedimama MIN,, 1 MIN,,
fusd ldnnmsmnmisuduiidesfiqgadmiunun

- o '
vzgmindhansmlunguam

MIN ,, = min(MAX , , MAX ) Q)

U139 (6) HARIDY min-max criterion FMIUNGUIU
109 Taw (6) wewowinana ¥ lumsdszuiana
IifesigadmiunguaumieSen* Optimum

clustering"llﬁzﬂi3'IJ’]‘LIﬂ'Iﬁ'ﬁ'N“I'lJll'lJ'l.l‘Uu’l‘lﬂﬁl.l'!ﬂﬁﬂﬂ
L = left sub-tree, R = right sub-tree
L, = computation cost of left child node of node v
M, = computation cost of right child node of node v
L, = computation cost of node v
A, = communication cost between left child node and node v
A, = communication cost between right child node and node v
Start, = Started time of node v
C, = Task clustering at node v
CR = Task clustering at right child sub-tree of node v
CL = Task clustering at lefi child sub-tree of node v
Compl, = Completion time of node v
AdaptiveTaskCluster(v, A, start, compl, C)
{ IF(node v is not Jeaf node)

{ AdaptiveTaskCluster( v, , A, ; Start, , Compl, , CL)
AdaptiveTaskCluster( v, , A, , Stait, , Compl, , CR)
MAX, = max(compl , + A, . compl ;)

MAX ,, =max{compl, , compl ,+ Ayg)
MAX, = C0mpl, iy, ey 1+ COMPle i s
MIN, , = min(MAX, ,MAX, }
IF( node v is space node) //**** case |
1/€,= 0, ( CRACLI ~(CRO CL)

Stat, = max(compl, , compl, )+ F(LUv)) when v &(either L or R)
but vE{(cithier L or R) that depends on max(compl, , compl, )
suchas v € Lbut vER

} else IF( MIN,, € MAX) // *** case 2
{ C, =€ \J {task clustering left or right child of node v that depends
on MIN,, |
Start, = MIN,,
@ = D\ {task clustering that depends on condition of MIN,,, }
} else IF(MIN,, >= MAX, ) //*** case 3
HIECCCLNCR) = §) /¢ 'means empty sét  *** case 3.1
c,=c, UcUlucr
Start, = compl,, + compl,
} else IF (( VL, € CR) or VR, ECL)) //when L, € CL and
R, ECL ***case 3.2
{C, =C, W {CR or CL that depends on condition}
Start, = compl,, or compl,, // depends on condition
} else //*** case 3.3
{€,=C, \J {task clustering left o right child of node v
that depends on MIN,, }
Start, = MIN,,
@ = DU {task clustering that depends on condition of MIN, ; }
} compl, = Start, + H,
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Jelse { lxl‘
Start = Start,
Compl = Start + |,
c=Cc\JC,}

+/ End

P

©)
maTe)

(®
{m12)

Figure 6) shows to find minimum started time for a new node
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1) to pick mark node ¢
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u €C but u € other cluster, w €C)
Then union cluster of u to @(DAG) // u must be sink node of
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4) HaMINAaod
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m3fmuamavesravesnguau Tasmsmmuamsi
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199511027 makespan YOUFAVDINGUIMUTAWINY 30
Fuilun1fifoon3981 makespan Y84 DAG IR 56
g1l 18 HTcA aunsnandwuTsmmses §1udu
sinsyninTlsmans yranameaiis uozluvay
@oafwiihunismud g e unisdszuaanac

computation cost )ﬁTdmm«ums’ mnfu
THEQREM.I . From f2] for the granularity of @ DAG that has g(G) = (1-EVE
where ) < £ X1, then
TapuM) S (1 + op(M)

where " opi(M,), {5 approximation. algoridkm to, insiance X or makespan of
schedule of D, api(M ) is aprimal selution to. instance X or makespan of an
optimal schedule of task clustering, and & is relative upproximation algorithms.
EROOE. —“opi(M,) < (1 + EopiM,)

(makespan produces by HTCA) S(H&{smrmf time of task T8 +
JUTS) that produced by HTC), when the g(G) of a DAG on figure 1 is 1/7

(30) S (1+E)((S,= 26) + ({,~4) )

T m "

T2 T2 ”
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Figure 7) shows the result of HTC algorithm
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1ouanss i smeesuazdanamgaiiai 16
91n(2] Sanaunni1 HTCA nanslfiuhdadamanu
aduFudeuveuIa1ved HTCA (O(V])) ¥nn 2]
(©O(V| ([V] log [V] + [E}) ) finw uddsz@nSninyes
AW 1913e makespan ¥o4 HTCA hivnnnii[2]

THEOREM 2. If @, is optimal for a DAG G if for every other D", for G,
then maks.vpan(@mu) Smakespan((p ?
PROQOF , From figure 9 and 10, Given the (Dm is makespan of ¢far aDAG G
and is produced by [2] algorithm, so that

makespan( By, ) S makespan(D )

P1 5250
8555 makespan = 27
7 P3\ P4
« A0 D $1=0. 51=0
10 52=3 \\ 5223
se=b | 1Y 53-8
\
s7=17 88=12
59=21 $10=21 |

Figure 8) shows HTCA produces the task clustering on the DAG of [2]

6) agUwanminaaed

vingUitouaz o naaalsfiffuds Hrca
aunsnanlonedien s1av Tuswmyesilg nazdn
namyaiia1dediise@nian vaziordud
makespan 484 HTCA 1si&0e'1Un 31021 4 [2] 9214
s Tsivaed uagadsnmiingaiiannniHTCA
faudl HTCA szfismnuadududeuvesnamnnni

(2] e

”
v [ = N
b) (2] aigentn makespan = 30 ide tme = 16
Figure 9) shows the number of processors, makespan, and idle time

o . that arg produced by HTCA and [%] 5 .

IICA makespan = 27 idl time =10

makespan = 27 idie e = 16

Figure 10) shows the result that produces by HTCA and [2]

7) ¥ilaied1404

[1] C.H. Papadimitriou and M. Yannakakis, “Towards an
architecture-indepent analysis of parallel algorithms,”
SIAM J. Computing, vol.19, no.2, pp. 322-328, April
1990.

[2] MA. Palis, J.C. Liou and D.S.L. Wei, “A Greedy
Task Clustering Heuristic that is Provably Good,” Proc.
IEEE ISPAN, pp. 398-405, December 1994.

[3] A. Gerasoulis and T. Yang, “On the granularity and
clustering of directed acyclic task graphs,” IEEE Trans.
Parallel and Distributed Systems, vol.4, no.6, pp. 686-
701, June 1993.

[4] M.R. Garey and D.S. Johnson, Computers and
Intractabiliry A Guide to the theory of NP-Completeness,

W.H. Freeman and Company, 1979.

100



ISPECS’99

FMC-05

Adaptive Task Clustering and Scheduling Algorithms for Parallel Processor Architecture

Banjong Piyatamrong*

Shigeyuki Ohara**

Sakchai Kantakajorn*

*Department of Computer Engineering, Faculty of Engineering,
King Mongkut’s Institute of Technology Ladkrabang, Bangkok 10520, Thailand.

Email: kpbanjon@kmitl.ac.th kmitl toon@hotmail.com

**Department of Electronics, Faculty of Engineering, School of Engineer, Tokai University, Japan.

Abstract

The optimization partition task on parallel program is a
problem of partitioning the tasks on a directed acyclic task
graph(DAG)[1] onto the processors of a multiprocessor in
a way that minimizes the execution time. The task
clustering problem is NP hard-problem[6][7], although a
number of processor is not define and a duplicate. task
between clusters are allowed. The Adaptive ~Task
Clustering and Scheduling Algorithms(ATCS) tries to
reduce the overhead communication cost between
processor by transforming a fine grain task to a coarse
grain task. The ATCS has a time complexity of algorithm
equals to O(|V)).

1. Introduction

[5]introduces method called the “Task Clustering”. The
task clustering method is categorized into two types. The
first type is called “non linear™ and the second type is
called “linear”. The non linear is a task clustering, which
has at least two independent parallel task and place on the
same processor, otherwise it is called linear. The target of
task clustering method is to reduce the execution time of
parallel program on an unbound number of processors.

2. Theory

To show stage and oriented of parallel program for this
paper will be using weighted directed graph G=(V.EL.X)
or weighted DAG G, where V is the set of nodes or tasks
and each node v; € V represents a task whose execution
time is p(v,) and E is the set of arcs and each arc e; € E
represent task u should complete its execution time and
transfer data from task u to v before task v can be started,
where ¥(u; and v;)e V, so that a DAG shows precedence
of tasks. If u; and v, are reside in difference processors, the
A(u;, v;) is not zero and zero otherwise.

Figure 1) a weighted DAG

The figure 1 shows a weighted DAG G that is a fine
grain task. Each node on a DAG resides in difference
processors. The makespan(or critical path)of schedule of a
DAG is a total time of a maximum execution cost of nodes
and communication cost of arcs. Thus the makespan of
schedule on a DAG of figure 1 is 56. A task clustering
method is collection node on a DAG that a result of that
rethod produces several task clusters. Assume algorithm
produces a number of task clusters then each task cluster is
placed on only one processor. To define @ symbol is a set
of task clustering that contains at least one task cluster.
When ® contains {C;, Cy, ..., Ca}where C, is a task cluster
and subscribe i = 1,2,...,n, if v; is member of C, (v; € Cj)
that must be a member of V(v; € V). The @ may be
consisting of a set of task clustering, which is either task
clustering without duplication or with duplication.

To construct a schedule for @ can be perform by
placing each cluster C;, where Cie ®, on only one
processor. The started time of node v on processor p is
presented by S(v,p) = S(u.q) + p(u) + A(u,v), where u and
v are mapped to distinct processors. But when u and v are
mapped on a same processor p that A(u,v) is zero.

To consider a DAG is either a fine grain or a coarse
grain task that depends on the granularity of a DAG or
a(G). If the granularity of a DAG is greater than or equal
to 1(g(G) = Dthat a DAG is a coarse grain task and
otherwise is a fine grain task[5]. A DAG consists of
several fork and joint set as shown in[5] shows a fork and
joint set of node n,. The fork set Fy consists of immediate
successors. of node n,. The joint set J, consists of
immediate predecessors of node ny. The task clustering
with and without duplication is NP-hard problem although
is not define a number of processors and allows task
duplication between processors as other problems. This
paper will be represented that ATCS can be performed[7]

~opt(M,)<(1+ &)opt(M,) (1)

where ~opt(M,) is approximation algorithm to instance X
or makespan of schedule for @ that returns from
algorithm, opt(M;) is optimal solution to instance X or
makespan of optimal schedule of task clustering for G, and
€ is a relative approximation algorithm[6][7]. From (1) we
can prove that it is true for ATCS algorithm.

For this paper presents a new algorithm. Which named
ATCS algorithms. The efficiency of ATCS algorithm is
compared with [3][4] algorithms. The concept design of
ATCS attempts to reduce the execution time of parallel
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program with an unbound number of processors. The
ATCS compacts criterion several tasks, which is
maximum completion time, on a graph into task clustering.
At the same time, It makes parallel time minimization as
equation below:

(2)

ming{max _,, . CT(T))}

where i is a task on a graph, CT(T;), and v V.

3. ATCS Algorithms

To construct task clustering will be using ATCS
algorithm that consists of four stages as the following:

1) Transforming a DAG into an inverse pointer tree
that lets to consider at every fork node on a DAG. Figure 1
represents a result of transforming that DAG into the
inverse pointer tree.

T 7 _Berg2 A1 12
Figure 2) Transforming a DAG te an inverse pointer tree

Figure 3) Transforming an inverse pointer tree into an inverse pointer
binary tree

2) Transforming an inverse pointer tree into an inverse
pointer binary tree. This stage is reducing a number of
successor nodes of any node on a DAG that exceeds two
successors into only two successor nodes. Figure 3 shows
to transform an inverse pointer tree into an inverse pointer
binary tree and note that in the figure has space node on an
inverse pointer binary tree. The computation cost of space
node is zero. We use MakeBinaryTree Algorithm to
implement for this stage.

MakeBinaryTree(v) // v is root of tree or root of subtree
{ IF( node v is not leaf node)
{ for( each child of node v) // u;= each child of node v
CCuy; = MakeBinaryTree(u;)
sort critical path order of CCu;
While( child of v=>2)
(1) to combine each pair of child of node v that has
largest CCu; and to make CCsp; =CCu;+ CCu; + 1
(2) to create space node and link each pair of child of node
v from (1) to space node then replace root subtree of
each pair of child node with space node
(3) to remove connection between node v with child from
(1)
(4) to link node v to space node from (2) with new

connection whose communication cost equals to CCsp;
(5) sort critical path order of CCsp;
H

Return A that is communication cost between node v and parent
of node v
1

The complexity time of MakeBinaryTree algorithm is O(m
lg m) time, where m is a number of successors of node v
on a tree. In worst cast, if m equals to V, where V is a
number of nodes on a DAG, the complexity time of
MakeBinaryTree is O(V lg V) time.

P T2 SRR
Q T5 - " I u'ml
(13,74} (8
7 2 : e tme
©) L4, 2 ]
{T1,T2) {T3,74} o
{TAT4)
Figure 4) to find MIN

3) Using Adaptive Task Clustering algorithm (ATC)
produces task clustering. The ATC partitions all nodes on
an inverse pointer binary tree into several clusters. The
ATC produces a makespan of an optimal schedule for each
task clustering. ATC finds a node on a tree by started from
source node to sink node that represents as bottom up.

MIN ,, = min(MAX , ,MAX ;) 3)

where MAX,. and MAXg are a maximum completion time
of left and right sub-tree respectively. Figure 4 shows an
example to find MIN{g of node TS5, which is added to the
cluster. From (3) explained min-max criterion for task
clustering definition of (2). Thus (3) attempts the
minimum parallel time is called the “Optimum clustering”
and the maximum parallel processing. The complexity
time of ATCS algorithm equals to-O( [V*] ) time, where V
is a number of nodes on a DAG because each node can be
successor of other nodes at most V time. The following is
a symbol of variables of ATC algorithm:

L = left sub-tree, R = right sub-tree

= computation cost of left child node of node v

jix = computation cost of right child node of node v

1 = computation cost of node v

A, = communication cost between left child node and node v
A = communication cost between right child node and node v
Stast, = Started time of node v

C, = Task clustering at node v

CR = Task clustering at right child sub-tree of node v

CL = Task clustering at left child sub-tree of node v
Compl,= Completion time of node v

AdaptiveTaskCluster(v, A, start, compl, C)
{ IF(node v is not leaf node)

{ AdaptiveTaskCluster( v;., Ai., Start,, Compl,, CL)
AdaptiveTaskCluster( vg , Ag , Startg, Compl,, CR)
MAX . = max(comp! Lt i, compl R)

MAX g = max(compl L COfnp! r+Ag)
MAX, = compl cr ~cr)+ COMPL- (cr A c1y
MIN g = min(MAX; ,MAXg)
IF( node v is space node) /**** case |

{ C,=C,w(CRNCL)uU~(CRn CL)
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Start,= max(comply,, complg ) + 3((v))
when v (either L or R) but ve(either L or R)
that depends on max(comply., comply )
such as v ¢L but veR
} else IF( MIN;x < MAX,) // *** case 2
{ C,=C,u {task clustering left or right child of node v
that depends on MINx }
Start, = MINx
@ = & U {task clustering that depends on condition
of MIN;x }
} else [F(MIN g >= MAX, ) //*** case 3
{IF((CLACR)= ¢)// ¢ meansempty set bt
case 3.1
C.=C,uCLuCR
Start, = complg + compl,
} else IF (( VL € CR) or ¥R; eCL)) /iwhen L; € CL and
R; eCL ¥**case 3.2
{ C,=C,u {CR or CL that depends on condition}
Start, = complcg or comple;, // depends on
condition
} else //*** case 3.3
{ C,=C, v {task clustering left or right child of node
v that depends on MINyg }
Start, = MINi»
@ = ® u {task clustering that depends on condition
} compl.= Start, + j
}
telse { X=X
Start = Start,
Compl = Start + py
C=Cu(}
} # End

lemma | When a new node V.., is added to a cluster that the started time
Of Voew is always greater than or equal to started time of all nodes both
left or right sub-tree.

proof Given Vy., is a new node, which is added into a cluster.

S(Vnew ’p) Z ZS(Vi’p) =+ l"'(vi)
i=1.2,.,n
where ¥v; € Ci, S(v,, p)is zero if v; is source node on a DAG, Cis
cluster, n is a number of node in cluster, and p is processor which C, is
placed.

4) Constructing a schedule for @ from the last stage,
the ATC algorithm produces a set of task clustering ®. In
final stage, we will be constructing a schedule to @. The ®
of the DAG on figure 1 that consists of four task clusters
and appears task duplication between processors. To
construct schedule to @ of performed by ScheduleOfTask
algorithm. The input of ScheduleOfTask consists of two
parameters, which are a task clustering C and ®. The C
must has a sink node on it, such as a task clustering
C={T1,T2,T5.T6,T7,T8} is a member of @ and is a
parameter of ScheduleOfTask algorithm, while it has a T8
as a sink node on the DAG.

ScheduleOfTask( C, @ ) // C is task clustering
{ ®DAG)=¢ /[ D(DAG)is setof task clustering of a DAG
D(DAG) = D(DAG)w C
for ( each node or task of C) //¢; € C wheni=123,....n
1) to pick mark node ¢;
2) IF ¢ has an arc connected to outside cluster (Au.w when w=¢;
and u #C but u e other cluster, w €C )
Then union cluster of u to ®(DAG) // u must be sink node of
cluster

The complexity time of ScheduleOfTask algorithm is
O(|V| + |[E|) time, where V is a number of nodes in a C; and
E is a number of arcs in C; that is connected to several
outside task clusters. In the summary, the over all of the
complexity time takes O(|V] Ig [V]) + O(V?)) + O(V| + |E|)
time, thus the complexity time of ATCS algorithm equals
to O(|V2|) time.

4. Result of experience

Figure 5 shows a set of task clusters that is produced
by ATC algorithm, and it shows task duplication between
clusters. Figure 6 represents a schedule of a set of task
clusters, which is produced by ScheduleOfTask algorithm,
and it shows connection or arc between several clusters.
Figure 6 shows the makespan of the ® that is 30, which is
less than a makespan of a DAG that is 56, so that ATCS
algorithm reduces a number of processors, arcs or
connection, idle time, and increases computation cost at
Processors.

Theorem | From {4] for the granularity of a DAG that has g(G) 2
(1-&)/e where O<gsl, then

~opt(M,) <(1+gloptiM,)
where ~apt(M,) is approximation algorithmto instance X or makespan of
schedule of @, opt(M,) is optimal solution to instance X or makespan of
ar optimal schedule of task clustering, and & is a relative approximation
algorithms,

progf. ~apt(M,) <(1+gopt(M)

or ‘(rm.tupan produces by ATCS)<(1+g)(started time of task T8 +
(W(T8) that produced by ATC)
(30) S (1+e)((55=26) + (us=4))

P3

52=3 ( f 52=3

4) 5325 (3 ss=s
Lo \1

{ %5‘1!

e

10
57=24

Schedule = 30

58=26]

Figure 6) ATCS produces the makespan of schedule of @

5. Comparison with other algorithms

The efficiency of ATCS algorithm is compared with
[4]. Figure 7 shows the number of processors, makespan,
and idle time of both algorithms that ATCS algorithm can
reduces more idle time at processors and the number of
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processors than [4] performs. From a example shows that
ATCS algorithm does not give lower efficiency to perform
parallel program than [4], when does on a fine grain task.

6. A Coarse Grain Task

In this section discuss a result of a coarse grain task,
which is performed by ATCS, [4], and [3] algorithms. A
DAG is used by analyze that it appeared on [3], which
represents a coarse grain task. The previous section does
not discuss [3] because [3] can performs on a DAG that is
only a coarse grain task. Figure 8 shows the number of
processors, makespan, and idle time, which are produced
by ATCS, [4], and [3] respectively. The result represents
that ATCS can performs as well on a coarse grain task as
(3] and [4] performed. But ATCS does not guarantee that
it performs well on every case.

Theorem 2 If ®,rvs is optimal for a DAG if for every other @'yics for G,
then
makespan(@yrcs) < makespan(t @D’ yrc8)

proof From figure 8, Given the @y is maespan of @ for a DAG Gand is
produced by [3], and @, is makespan of @ for a DAG G.and is produced by
[4], so that

makespan(@qyrcg) < makespan( @y

and
makespan(@reg) < makespan(@yy)
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Figure 7) the number of processors, makespan, an idle time that are
produced by ATCS and [4]

7. Conclusion

[4] and [3]. As you can see note that ATCS can solve
problem both on a find grain and coarse grain task by does
not modified any things.
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Table 1) comparison result of ATCS, [4], [3] on a coarse
grain task

The table 1 represents the comparison result of ATCS,
[3], [4] on a coarse grain task. In a case of a coarse grain
task, and the ATCS produces as a makespan of schedule as
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Abstract

This paper presents a task-clustering algorithm named
A Greedy Task Clustering and Scheduling Algorithms
(GTCS). The algorithm represents tasks of a parallel
program as nodes and scheduling them with Directed
Acyclic Task Graph (DAG). The parallel hardware
architecture focused in this paper is the distributed
memory architecture. The GTCS-implements the task-
clustering method by partitioning nodes on-a DAG. Each
group or cluster within a DAG is placed on only one
processor. The algorithm partitions the DAG into several
clusters to reduce the communication overhead between
processors. Because the network has a lot of
communication overhead that increases total execution
time or makespan of the tasks, especially in the parallel
program that are fine grain tasks ona network. The GTCS
algorithm produces a schedule whose makespan is at most
twice of the optimal cluster. The GTCS has a complexity
time of algorithm equals to O(m(|V|lg|V|+|E])) where m is
a number of clustersand 1 <m < V.

1. Introduction

The efficiency of execution time of parallel program on
parallel architecture depends on the algorithm, which
partitions the parallel program into groups or clusters. The
target of partitioning parallel program on  parallel
architecture is to reduce an execution time or makespan. It
can be claimed that the result of transforming from a fine
grain task to a coarse grain task using the partition
algorithm is to reduce the total execution time of parallel
program [5].

[1] represents a new algorithm that has a complexity
time equals to O(|V|(|V]ig[V| + |E| )) time. [1] is proved to
have a better performance guaranteed by explicitly taking
into granularity of the DAG. For a DAG G with uniform
task execution times () and uniform communication cost
(L) then the granularity of G, g(G), equals to pwA. [1]
shows that if g(G) 2 (1- €)/e for some 0 < g < 1, the
algorithm can schedule the task cluster that produces a
makespan of at most (1+€) times of the optimal schedule
makespan. For a DAG with arbitrary granularity, g(G) =
0, the algorithm can be produced a schedule that is at
most twice of the optimal one.
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2. Theory

A weighted directed graph G=(V.E,u.A) or weighted
DAG G, where V is the set of nodes or tasks and each
node. v; € V represents a task whose execution time is
u(v;) and E is the set of arcs. Each arc ¢; €E represent an
arc whose communication cost is A u;, vi). Al u, v)
represents a cost that task u completes its execution and
transfers the result from task u to task v, where V( u; and
v; )€ V. If u; and v, are resided in difference processors,
the A( u; ,v; ) is not zero and zero otherwise. Figure 1
shows a weighted DAG G that is a fine grain task. Each
node or task on a DAG resides in difference processors.
The makespan of a scheduled DAG is the maximum of
the summation of the node execution cost and the arcs
communication cost. Thus makespan of schedule on a
DAG of figure 1 is 52. The granularity of a DAG or g(G)
is used to determine that a DAG is either a fine grain or a
coarse grain task. If the granularity of a DAG is greater
than or equals to 1 (g(G) = 1) then the DAG is a coarse
grain task but if g(G) < 1 that the DAG is a fine grain task
[2]. A grain value is a ratio of the computation cost i and
the communication cost A of v;, where vieV. A DAG
G=(V,E,j1,A) for node v has a granularity of g(G) and a
task grain of g,, where v € V.

3. The GTCS Algorithm

This section presents the GTCS algorithm. The GTCS
creates a set of task clustering, @, and schedules a set of
task clustering, ®(G), for a task graph with arbitrary
granularity. The GTCS produces a schedule whose
makespan is at most twice of the optimal cluster
according to the definition: for any DAG G, which has
g(G) = 0, then the makespan of ®(G) is at most
(1+(1/(1+g(G)))) times makespan of the optimal cluster
for any DAG G[1]. As mention before, the GTCS
algorithm is developed from [1] by employing a new
method to find the started time e(v) on a DAG G that
spends a less time complexity than the algorithm [1].
Because the algorithm [1] started time depends on the
depth of DAG G. If a DAG G has more depth, it requires
more running time. GTCS uses only the information of



the immediate predecessors for finding started time e(v),
therefore, the source node started time is always zero.

makespan = 52

Figure 1 ; A weight DAG

3.1 Finding Started time e(v) and Creating @
from DAG G

Defines @ as a symbol that represents a dynamic array
and \y represents a binary tree that stores the sink node of
C,, which is any task cluster, on @. All sink nodes of C;
on \ stored on the binary tree are initially considered. The
first element of  is selected to be the first initial node for
creating a cluster. The y is used for checking the sink
node duplication on @. During the creation of a set of
task cluster, a new sink node on the DAG G is determined
and checked for duplication on . If it is duplicated then
the size of v and ® is not grew. But if a new sink node is
not duplicated on  then a new sink node will be inserted
onto y and w, respectively. To find the started time of
every nodes v, or e(v), excepts sink node on the DAG G,
the Algorithm Create-E-Value( ) is used. And to create a
set of task clustering @, the Algorithm Create-Cluster( ) is
used. Initially, @ and o store sink node on DAG G, such
as © = {T8, T9, T10} of the DAG G on figure 1 then a
sink node T8 is selected for creating C;, and the
contains the same element as . After finishing the
creation of a task cluster for sink node T8, the sink node
T9 is selected for creating the next task cluster. The
process is iterated until there is not any sink node on w is
left.

© = communication cost

Figure 2 Immediate predecessors nodes point to node v

To find the started time of any node v, e(v), considers
from the total value of communication cost, execution
cost, and started time for each ancestor nodes, or S(u; , P)
+ () + Ay , v). Where each S(u; , P) + p(u;) + Au; , v)
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value of the ancestor node can be inserted onto the binary
tree and searched by right—root—left or from the
maximum to the minimum value as shown on figure 2.
Figure 2 shows sorted S(u; , P} + p(u;) + A(u; , v) value of
ancestor from max to min, so the arc from u, is the
maximum value and ug is the minimum wvalue, in
decreasing order.

ALGORITHM Create-E-Value(v,G)
BEGIN
If v is a source node return zero;
C={vh m=0
¢ = first arc(y;, v) incoming ;where arc(u;, v) ey
&v)=qc;
while( m < c)do
C=Cu {u};
m = GREEDY-SCHEDULE(C — {v});
¢ =next arc(u;, v) incoming ; where arc(u;, v) ey
e(v) =min{e(v), max(m,c) };
endwhile
return e(v);
END

The Algorithm Create-E-Value( ) can produce the
minimum e(v) of any node v that will be considered from
the maximum value of S(y; , P) + p(u;) + Au; , v) of any
ancestors. Next, the  Algorithm Create-E-Value( )
determines the next maximum value of the leave
ancestors. The Algorithm Create-E-Value ( ) produces a
minimum e(v) value if and only if m has a less value than
¢, and m is produced by the GREEDY-SCHEDULE().
The started time of the source node is always zero value.
The GREEDY-SCHEDULE() function discussed has a
communication cost equals to zero, as shown on figure 3.
The GREEDY-SCHEDULE() schedules all ancestors u; as
those are ona single processor. Figure 3 represent all node
u;, which are on a frame, that are used by GREEDY-
SCHEDULE(C-{v}) to create a scheduling of the
ancestor u;.

© = communication cost

Figure 3 Finding started time e(v) for any node v

Theorem 1. Algorithm Create-E-Value(v,G) can find
started time e(v) of any node or task of DAG G. The e(v)
is possible minimum started time of node v that returns



from Algorithm Create-E-Value(v,G). The source node v
on a DAG has always e(v) equals to zero.

Proof The theorem is obviously true for source nodes. The
proof is by induction on the depth of node v, that is

e(v' )= max (v P+ poThH

Where m be a number of immediate predecessors, which
are scheduled on a single processor, and | be a level of
depth of node v on a DAG, where | is greater than 0.
induction base | = 1;

o) 3 = ik ekv Bk )

induction hypothesis [ = n;
e(v")=mx (e ')+ p i)

i=1
and implies that induction step | = n+1;

e(v”] ) = max (e(v

=

(ntD)-1

(n+1)-1 })+#(v‘ )

i

The next step, to create a set of task clusters @ by using
e(v) of several nodes v that created from Algorithm
Create-E-Value( ). To create @ that is just initiated from a
sink nodes on a DAG G, which are stored on ®. Each
time when @ is created, the size of ® and y-are grew due
to the sink node of a new task cluster is inserted onto @
and y, and may not be grew if the sink node of a new task
cluster is the duplication on w. Algorithm Create-
Cluster(v, G ) is used to create @ and yields C;, which is
inserted onto @, at the same time GET-TASK-CROSS-
CLUSTER( ) funetion will get the sink node of a new task
cluster, which is inserted onto o and .

ALGORITHM Create-Cluster(v,G)
BEGIN
If v is a source node then return;
€=} m=0,
¢ = FIBANACCI-START-TIME(C);
e(v)=c;
while( m < c¢) do
C=Cw{n};
m = GREEDY-SCHEDULE(C={v});
/Nlet (u,w) be an arc where u ¢C, weC, and
/fe=c(u,w)
¢ = FIBANACCI-START-TIME(C);
e(v) = min{e(v), max(m,c)};
endwhile
GET-TASK-CROSS-CLUSTER();
return e(v);
END

The concept of the AlgorithmCreate-Cluster(v,G)
resembles the Algorithm Create-E-Value(v, G). The
difference is that the Algorithm Create-E-Value(v, G)
considers only ancestor’s arcs that point to node v but the
Algorithm Create-Cluster(v.G) considers every ancestor’s
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arcs that point to every node of C;. So that, to create C,; the
Algorithm Create-Cluster(v, G) can be initialized by
inserting the sink node of DAG G that is only on @ and v
as the first node of C,. A task cluster C; is grew by
inserting the ancestor node of node v. The result of the
algorithm produces a minimum possible started time of
sink node, e(v), and a task cluster C; for node v. For
example of Algorithm Create-Cluster(v, G), considers the
sink node T8 as the first node of C; and the first element
of @ that is inserted on it. After the Algorithm Create-
Cluster(v, G) is finished then a task cluster C; will consist
of a set of task nodes as the following C; = {T8, T6, T3,
T2}, at the same time © and y grow as the following ® =
{18, 19, T10, T5, T1} and ¢ = {T8, T9, T10, TS, T1}
which are performed by GET-TASK-CROSS-
CLUSTER( ). Therefore, the new nodes, T5 and T1, on
are new sink nodes for creating the task cluster C;.

As mentioned before, the Algorithm Create-Cluster
performs the same as the Algorithm Create-E-Value
except that the Algorithm Create-E-Value does not
discuss a task cluster that only to find a minimum started
time of node v. The step in creating C; that consists of two
stages as the following:

Stage 1) To find the makespan of a scheduling ancestor
{uj, Uy, ..., ugtof node v, where every node u; € C; and
node v is the first node of C; by considering the started
time and execution time of the ancestor node that are
placed on one processor, i.e. e(u;) and p(u;) respectively.
This scheduling can be done by the greedy algorithm to

solve the problem of ancestor nodes {u;, uz, ..., u}. The
relation between them can be expressed as :
ec(v) 2 GREEDY-SCHEDULE(C ~ {v}) (1)

Stage 2) To consider all arcs that link from outside C; ,
where ¢(u;,w) €E, u;€C, and weC, if c(u,w)=e(u)+p(
u;)+A( u, v) then e(v) of C; equals to

ec(v) 2 FIBANACCI-START-TIME(C) 2

where FIBANACCI-START-TIME( ) produces a
maximum ¢(u;,w). From (1) and (2), a greedy algorithm
yields the started time e(v) of C; as follow :

ec(v) & max( GREEDY-SCHEDULE(C-{v}),
FEIBANACCI-START-TIME(C) } 3)

So that the minimum started time of node v, e(v), in C;
equals to

e(v) 2minciec(v)} 4)

From (1)~(3) the minimum ec(v) of any node v by (4).
Figure 4 shows @ that is produced by the Algorithm
Create-E-Value( ) and Create-Cluster( ) respectively.
Equations (1)-(4) and the Algorithm Create-Cluster
explains a mechanism to create a cluster by considering
from e(v). The whole algorithm uses greedy algorithm as
the significant mechanism to create a cluster. The



algorithm grows a task cluster one node at a time, if a new
node is inserted onto a cluster then the started time of
node v, e(v), on C; can be reduced. But if a new node
inserted onto a cluster can not potentially decrease the
started time e(v), then the Algorithm Create-Cluster( ) is
immediately stopped to grow the cluster. And the
Algorithm will returns the minimum e(v) value that
obtained. So that, it can be concluded that the creation of
cluster C; can be processed in two cases: the first case
FIBANACCI-START-TIME(C) > GREEDY-
SCHEDULE(C-{v}) represents that c(u,, w), which is an
arc of node u; from the outside cluster C;, is greater than
the makespan of all ancestors that is on C;. Thus adding a
new node onto C; can potentially decrease the started time
e(v), then a task cluster C; grows. The second case
FIBANACCI-START-TIME(C)<GREEDY-
SCHEDULE(C-{v}) indicates that the started time e(v)
can not decrease, because c(u;, w) is less than or equal to
the makespan of ancestors on C;. So adding a new node u;
onto C; can not decrease the started time e(v). The result
of this stage makes the task cluster C; stops growing and
does not insert a new node onto task cluster C;.- Finally
the Algorithm Create-Cluster( ) will return a started time
e(v) for a sink node v as the Algorithm Create-E-Value( )
performs.

3.2 Scheduling of ®©

After the Algorithm Create-E-Value() and Create-
Cluster( ) produces @ then the next step is to define the
scheduling of @, that is represented as @(G). The
scheduling of @ requires no -any algorithm but only
placing C; onto each processor. Each task or node of C
with a single processor will be executed by a sequence of
started time e(v) with increasing value. Figure 5 shows
®(G) of several C; on @ that are placed onto several
processors. The ®(G) shows that it can be produced
makespan of scheduling of @ with optimal value.

3.3 Time Complexity of Algorithm

To analyze time complexity of the algorithms used in
this paper consists of time complexity of the Algorithm
Create-E-Value() and Create-Cluster(). The Algorithm
Create-E-Value() produces e(v) value by considering
from the ancestor’s arcs, which are only point to node v.
The processing of the Algorithm Create-E-Value()
performs on S(u; , P) + p(u;) + A(u; , v), which are stored
on a binary tree, therefore the time complexity of this
algorithm equals to O(c Ig c¢) for each node v;, where c is
a number of ancestor’s arcs that point to node v and ceE,
¢ << E, and v; € V. The time complexity O(c lg c) shows
an at most ancestor’s arcs equal to c. So that the time
complexity for every node v; , except sink node on DAG
G, that run in O(n(c lg c)), where n is every node v; ,
except sink node on DAG G.

The running time of Algorithm Create-Cluster()
consists of time complexity of GREEDY-SCHEDULE()
and FIBANACCI-START-TIME( ). The GREEDY-
SCHEDULE() function is maintained by 2-3 tree
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algorithm [1][4] that stores scheduling time of ancestor’s
node that is on C;  the operation can be performed in
O(|V| lg |V]) time. Because to insert a new node onto 2-3
tree that performed in O(lg|V|) time the same as required
on the binary tree. The FIBANACCI-START-TIME() is
maintained by fibanacci-heap algorithm [3] that is used
for considering insert ancestor node onto C;. The
operation of FIBANACCI-START-TIME( ) that performs
ATTRACK-MAX( ) and INCREASE-KEY()[3][1]. The
ATTRACK-MAX() operation is to remove a maximum
key node on a heap which is the most complicated process
of the operation presented in fibanacci-heap. The
INCREASE-KEY( ) operation is increasing the key of a
node in a heap in O(1) amortized time.

The ATTRACK-MAX( ) runs at most V times by
considers the value of c(u;,w). The INCREASE-KEY( ) is
performed at most E times. When the operation of both
ATTRACK-MAX() and INCREASE-KEY() can be
performed in O(lg |V|) amortized time and O(1) amortized
time, respectively. So the operation of FIBANACCI-
START-TIME runs in O(|V| lg|V| + [E|) time. Therefore,
the Algorithm Create-Cluster( ) runs in O(|V| 1g|V| + |[E| )
+ O(|V] 1g|V|) for.each cluster C;. So that, The total time
complexity of to create ®(G) equals to O(m(|V| g |[V] +
|ED), where m is a number of ¢lusters C; V and E is a
number of nodes and edges on a DAG G, respectively and
l€m<V.

4. Result of the experiments

Figure 4 shows @ that is produced by the Algorithm
Create-E-Value( ) and Create-Cluster( ). respectively. It
shows task duplication between clusters. Figure 5 shows a
scheduling of @, or ®(G), on several processors and the
result shows that the started time of each node are
changed. In addition , the ®(G) has a less makespan than
DAG G of figure 1. Therefore, A purpose of the GTCS
algorithm can be achieved in reducing the execution time
of parallel program, as expected.
Thegrem 2. For a DAG with arbitrary granularity
(g(G)20), we have

S(l+—l—m
1+ g(6)

M.WSMW -

Where M, be a makespan schedule of an optimal
clustering of a DAG G, and Mgrcs be a makespan
schedule of ©(G).

Proof If My is at least max(e(v) + p(vy)) for all sink

node v of C;, C; € @ From lemma 1[1], so that
and thus
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i=1 l+g(G)
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)m;x{e(v )+ v, i
1+ g(G) =1 ' bl
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5. Comparison with other algorithm
Figure 6 shows a set of task clustering @ that is
produced by the algorithm in [1] which produces a greater
number of task clusters than GTCS algorithms. The
scheduling of ®(G) of [1] algorithm gives the same
makespan as the GTCS. The @ produced by [1]
algorithm shows that some C; is not used, while the @
produced in the GTCS, all the C; are used. So that, the
GTCS algorithm needs only the time complexity for
creating the clusters that are only uses, and the GTCS has
not garbage running time to create a task cluster.
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Figure 4 (a) A Stage creates a task cluster for node T9
(b) A @ produced by GTCS

6. Conclusion

The GTCS algorithm can create an efficient set of task
clusters, @, and has a time complexity equals to O(m(|V|
lg|V| + |E]), where m is a number of task clusters (1 £ m
< V) that produced from the GTCS . The efficiency of the
GTCS algorithm is compared with [1], which has a time
complexity equals to O( |V|(|V|lg|V| + |[E[)). So if m equals
to 0.5V, where V is a number of nodes on DAG G, the

0-7695-0589-2/00 $10.00 © 2000 IEEE

GTCS algorithm uses only a half time complexity of [1]
algorithm .

P5

(5 s2=0

(2) s5=5

(: s3=11
Qﬂ

2)s10=17

Figure 5 A ©(G) is produced by GTCS and [1] algorithms
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Figure 6 The @ is produced by [1] algorithrms
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