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.�0�. ��	�
��� =�����	��� � � � � � � � � � � � � � � � � � � 31

� ��	�������  ��	��� ��!��
���� "������� ��

0�3 *
��� ���
 � � � � � � � � � � � � � � � � � � � � � � � � � � � � .3

0�. ;������ 4������� � � � � � � � � � � � � � � � � � � � � � � � .8

0�0 ���	
�� ���������� >���� :�������� ;
	� � � � � � � � � � � � .1
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8�.�. ?�	�� ���	
�� ��
���� ,���� � � � � � � � � � � � � � 83
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�� ����������� � <0

8�30 7���
����� �� ��	����� 
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��� �� ���	��	
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������	�� � � � � � � � � � � � � � � � � � � � � � � � � � � � � <6

8�38 7���
����� �� ��	����� 
�� ��	�
��� �� ��!����	 	
�� ��	�� <9

8�36 (�� ��
���� �� �������� ���� ��!����	 ����� ��
���� 
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6�3 ,#
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��� ��� :=,;��
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���� � � � � � � 98
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��� 7$5 �����
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���� � 	�� :=,;��
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���� � 91

6�8 (�� ��
���� �� �������� ���� :=,;��
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���� � � � 2/

6�6 ;��� :=,;��
��� ��	�
���� � � � � � � � � � � � � � � � � � 20

6�< �
�� :=,;��
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���� � � � � � � � � � � � � � � � � � � 28

����



6�9 ;��%���
�
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�� :=,;��
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���� � � � � � � � � � � 2<

6�2 A���
��&�� �	
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�� 	�� :=,;��
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��� 	�� ��
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6�1 ,#�������	
� �����	� �� 	�� :',;��
��� ��	�
���� 	�� :=,;�

�
��� ��	�
��� 
�� 	�� ��	��
� ���� � � � � � � � � � � � � 1/

6�3/ =� �#
���� �����
� ��� �����
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� ��	�
���� � � � � � � � � 13

6�33 =� �#
���� �����
� ��� ���	���	�� �����
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� ��	�
���� � 1<

6�3. 4��	���	�� ?
��; ��
��� 
�����	��� � � � � � � � � � � � � � � 12

6�30 +�����
� �� ?
��	�
���� � � � � � � � � � � � � � � � � � � � 11

6�38 =� �#
���� �����
� ��� ?�	�� ��;� � � � � � � � � � � � � � 3/3

6�36 7��� 	�
������
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6�39 (�� ��
������ ��� �����
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� ��	�
���� � � � � � � � � � � � 3/<

6�32 ,#�������	
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main(){
  S1;
  if  (cond1) call func;
  else

  while (cond2) {
          S3;

  if (cond3) S4;
          S5;
      }
  if (cond4) call func;
  S7;
}

func() {
S8;

  if (cond5) S9;
else S10;
S11;

}

the maximum
number of loop
iterations =3

main func
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Find the edge (bi,bj) having the largest 
(  = Energy gain when ri,j is changed to r'i,j= ri,j r)

Change ri,j to r'i,j

Deadline miss?

Speed-up is possible?

Find the edge (bh,bk)  which has the smallest 
and makes WCET to be smaller than deadline

(  = Energy loss when rh,k is changed to r'h,k= rh,k )
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b1

scaling code of
vse1

bcall1

bwh

LoopIterNum(bwh)=0

StackRWEC[++top] = 60

LoopIterNum(bwh) ++

b3

scaling code of
vse2

bif

change_f_V

.1

.1

SURCurSpeedNewSpeed

CpreRWECvse

postRWECvse
SUR

Boverhead

*=

-
=

))(.2(.2.2

.2

goto).2)((if

SURCurSpeedNewSpeed

CbmLoopIterNuMIvseloopWCECvsepostRWECvse

postRWECvse
SUR

bMIvsebmLoopIterNu

Loverheadwh

wh

*=

--*+
=

=

code B

code L

code 1

code 2

code 3

)(NewSpeed

change_f_V )(NewSpeed

if

StackRWEC[++top] = 60

top--
top--

code 5

code 6

code4
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Given a deadline D, compute the maximum
number of execution cycles M within the time

interval D when a processor runs at its full speed.

Compute CRWEC(bi) for each basic block bi

Select candidate VSEs

Re-compute CRWEC(bi)
with the increased code size

CWCEC> M

Generate the VSE informations

Exclude some candidate VSEs such that CWCEC-
Cinc(B)*b-Cinc(L)*l < M where b and l are the

number of exculded VSEs

Get the Cinc(B) and Cinc(L) which are the cycle
increases due to the inserted codes  of VSEs.

Yes

No

Re-compute CRWEC(bi)
with the increased code  in VSEs

Re-compute the SUR of each VSE

Exclude VSEs
with SURs larger than 1

Generate the final VSE informations
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  1:  v = func1();
  2:  if (v > 0) {
  3: w = func2();
  4: x = 3;
  5: y = -3;
  6: z = func3();
  7: if (z > 0)   {
  8: x = func4();
  9: }
10: else {
11: y = func5();
12: func6();
13: }
14: func7();
15: if (w > 0)  {
16: if (x+y > 0)
17: func8();
18: else
19: change_f_V();
20: func9();
21: }
22: }

��� 0������� -�+����


  1:  v = func1();
  2:  if (v > 0) {
  3: w = func2();
  4: x = 3;
  5: y = -3;
  6: z = func3();
  7: if (z > 0)   {
  8: x = func4();
  9: if (w>0 && !(x+y>0) )
10: change_f_V();
11: }
12: else {
13: y = func5();
14: if (w>0 && !(x+y>0) )
15: change_f_V();
16: func6();
17: }
18: func7();
19: if (w > 0)  {
20: if (x+y > 0)
21: func8();
22: func9();
23: }
24: }
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  1:  x = func1();
  2:  y = func2();
  3:  func3();
  4:  z = x + y;
  5:  func4();
  6:  if (z > 0)
  7: func5();
  8:  else
  9: change_f_V();
10:  func6();
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  1:  x = func1();
  2:  y = func2();
  3:  func3();
  4:  z = x + y;
  5:  if (!(z>0))
  6: change_f_V();
  7:  func4();
  8:  if (z > 0)
  9: func5();
10:  func6();
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  1:  x = func1();
  2:  y = func2();
  3:  _z = x + y;
  4:  if (!(_z>0))
  5: change_f_V();
  6:  func3();
  7:  z = x + y;
  8:  func4();
  9:  if (z > 0)
10: func5();
11:  func6();
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  1: N = func1();

  2: k = func2();

  3: i = func3();

  4: func4();

  5: LoopIterNum=0;

  6: while ( i < N ) {

  7: LoopIterNum++;

  8: func5();

  9: i = i + k;

10: }

11: if (LoopIterNum  < M)

12: change_f_V();

13: func6();
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  1: N = func1();

  2: k = func2();

  3: i = func3();

  4: _i = i;

  5: LoopIterNum  = 0;

  6: while( _ i < N ) {

  7: LoopIterNum++;

  8: _i = _i + k;

  9: }

10: if (LoopIterNum  < M)

11: change_f_V();

12: func4();

13: while ( i < N ) {

14: func5();

15: i = i + k;

16: }

17: func6();
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  1: int a[N];
  2:
  3: for (i=0; i<N; i++) {
  4:     a[i] = funcA();
  5:     if (a[i]) {
  6: change_f_V ();
  7: funcB();
  8:     }
  9:     else
10: funcC();
11: }
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  1: int a[N];
  2:
  3: for (i=0; i<N; i++) {
  4:     a[i] = funcA();
  5:     if(a[i])
  6: change_f_V ();
  7: }
  8: for (i=0; i<N; i++) {
  9:     if (a[i])  funcB();
10:     else        funcC();
11: }
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  1: void funcA(int *a) {
  2: *a =  funcF();
  3: }
  4:
  5: void main() {
  6:      funcA(&i);
  7:      funcB();
  8:      funcA(&j);
  9:      if ( i > 0)
10: funcC();
11:      else
12: change_f_V ();
13:      funcD();
14: }
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  1: void funcA(int *a) {
  2: *a =  funcF();
  3: }
  4:
  5: void main() {
  6:      i =  funcF();
  7:      if (!(i >0))
  8: change_f_V ();
  9:      funcB();
10:      funcA(&j);
11:      if ( i > 0)
12: funcC();
13:      funcD();
14: }
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