   APPENDIX A. PERFORM ANCE RESULTS FOR ALL PROCESSOR

                                                                                                         CONFIGURATIONS

                         For the interested reader, this appendix presents the complete set of control-block-

level performance distributions for the four processor configurations analyzed in

Chapter  4.  For the reader´s convenience, the o verall benchmark performance distributions

for the four processor configurations are presented again at the end of this appendix.

                                                 a)

                                                                                      0 4 2 2

6 9 8

42

114

5

14
6
1 0 0 0 0 0

4396

42

14

372 1004

                                                                             0

                                                                           25

                                                                           50

                                                                           75

                                                                         100

                                                                         125

                                                                         150

                                                                         175

                                                                         200

                                                                         225

                                                                         250

                                                                         275

                                                                         300

                                                                         325

                                                                         350

                                                                         375

                                                                         400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0

                                                                                                    6 2 2 8

16

26

52

168

51 49 56

12
5 1 0 0 0

4208

150

105

377 747

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 0 0 1 5

16
7 3 6 4
1 1 0 0 0 0

5997

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

51+%

50-46%

45-41%

40-36%

35-31%

30-26%

25-21%

20-16%

15-11%

10-6%

 5-1%

0% 1-5%

 6-10%

11-15%

16-20%

21-25%

26-30%

31-35%

36-40%

41-45%

46-50%

Number of Control Blocks

                                                 (d)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

69

59

65

13
6
1 0 0 0

5475

229

124

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                            Percent Degradation
                    m�~�o�

Percent Improvement

                                                       Figure A . 1 : Percent change for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

                                                                based, and (d)  schedule-based application of renaming with copy for the one-issue

processor configuration.

                                                 (a)

                                                                                          0 0 0 0 0 0 0 0 0 0 1

178

69 73

15 11
1 0 0 0

4027

1189 477

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

155

46
32

5 8 0 0 0 0

4484

870 441

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

218

118

66
53

61

12
5 1 0 0 0

5507

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

51+%

50-46%

45-41%

40-36%

35-31%

30-26%

25-21%

20-16%

15-11%

10-6%

 5-1%

0% 1-5%

 6-10%

11-15%

16-20%

21-25%

26-30%

31-35%

36-40%

41-45%

46-50%

Number of Control Blocks

                                                                                                   Percent Degradation
                    m�~�o�

Percent Improvement

                                                                Figure A . 2 : Percent benefit of schedule-based application over (a)  heuristic-based,

                                                      (b)  dependence-based, and (c)  estimate-based application of renaming with copy for the

one-issue processor configuration.

                                                       Figure A . 3 : Percent change for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

                                                       based, and (d)  schedule-based application of expression reformulation for the one-issue

processor configuration.

                                                 (a)

                                                                                          0 0 0 0 0 0 1 0 0 4

40

224

117

23

8
0 0 0 0 0 0 0

4038

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          9 5 8 5 11

19

30

70

92

333

273

118

25

7
0 0 0 0 0 0 0

696

2754

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 0 1 1

7

281

115

21
8
0 0 0 0 0 0 0

4021

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

51+%

50-46%

45-41%

40-36%

35-31%

30-26%

25-21%

20-16%

15-11%

10-6%

 5-1%

0% 1-5%

 6-10%

11-15%

16-20%

21-25%

26-30%

31-35%

36-40%

41-45%

46-50%

Number of Control Blocks

                                                 (d)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

320

121

23
12
1 0 0 0 0 0 0

3978

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                            Percent Degradation
                    m�~�o�

Percent Improvement

                                                 (a)

                                                                                          0 0 0 0 0 0 0 0 1

10

15

152

17

2 4 1 0 0 0 0 0 0

4253

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 0 0 0 0 0 1

10

16

314

110

52

27
16
7 5 2
1 1

3103

790

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 0 0 0 4

56

7 3 3
1 0 0 0 0 0 0

4381

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

51+%

50-46%

45-41%

40-36%

35-31%

30-26%

25-21%

20-16%

15-11%

10-6%

 5-1%

0% 1-5%

 6-10%

11-15%

16-20%

21-25%

26-30%

31-35%

36-40%

41-45%

46-50%

Number of Control Blocks

                                                                                                   Percent Degradation
                    m�~�o�

Percent Improvement

                                                                Figure A . 4 : Percent benefit of schedule-based application over (a)  heuristic-based,

                                                    (b)  dependence-based, and (c)  estimate-based application of expression reformulation for

the one-issue processor configuration.

                                                 (a)

                                                                                          0 4 2 0 5

10 10

42

115

27
22

6
1 0 0 0 0 0

1007
375

126

242

6686

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                         14 14 10 16

30 31

50

106

267

75

54 54

12
5 1 0 0 0

5478

390

217

650 1206

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 0 1 2

12

297

122

24
14
4 1 1 0 0 0 0

8202

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

51+%

50-46%

45-41%

40-36%

35-31%

30-26%

25-21%

20-16%

15-11%

10-6%

 5-1%

0% 1-5%

 6-10%

11-15%

16-20%

21-25%

26-30%

31-35%

36-40%

41-45%

46-50%

Number of Control Blocks

                                                 (d)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

92

68 64

14
6
1 0 0 0

7761

528

246

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                            Percent Degradation
                    m�~�o�

Percent Improvement

                                                       Figure A . 5 : Percent change for (a)  heuristic-based,  (b)  dependence-based, (c)  estimate-

                                                              based, and (d)  schedule-based application of both transformations for the one-issue

processor configuration.

                                                 (a)

                                                                                          0 0 0 0 0 0 0 0 1

10 14

179

73 72

16
11
1 0 0 0

6554

1250 509

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 0 0 0 0 0 1

10

16

257

92

51

31
20
10
3 4 2

6070

1411 702

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 0 0 0 5

256

125

69

53

60

13
5 1 0 0 0

8093

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

51+%

50-46%

45-41%

40-36%

35-31%

30-26%

25-21%

20-16%

15-11%

10-6%

 5-1%

0% 1-5%

 6-10%

11-15%

16-20%

21-25%

26-30%

31-35%

36-40%

41-45%

46-50%

Number of Control Blocks

                                                                                                   Percent Degradation
                    m�~�o�

Percent Improvement

                                                                Figure A . 6 : Percent benefit of schedule-based application over (a)  heuristic-based,

                                                     (b)  dependence-based, and (c)  estimate-based application of both transformations for the

one-issue processor configuration.

(a)

                                      0 0 0 1 0 0 0 1 0 0 3 0 2 0 1 0 5

                                                                                                                  10
                                                                                                                       4

10 11

26

32

60

157

35

15 11
4 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

896

4756

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 1 0 0 0 1 1 1 2 0 1 1 2 0

                                                                                                              7

                                                                                                                  12
                                                                                                                       4

10 15

22

41

57

159
150

101

37

14 12
4 4 2 3 1 2 1 2 4 0 2 1 0 1 0 0 0 0 0 0 0

825

4538

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

17

2

8
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6012

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(d)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

210

109

47

19
9 5 6
4 4 1 3 1 2 3 0 3 1 0 0 1 0 0 0 0 0 0

5613

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                      Cycles Degradation
                                                                                                                                        m�~�o�

Cycles Improvement

    Figure A . 7 : Change in cycles for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

              based, and (d)  schedule-based application of renaming with copy for the one-issue

                                                                                                              processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

248

97

50

32

17 17
8

13
6 4 2 2 5
0

6 1
0 1 1 0 0 1 0 0 0

4461

1068

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

170

69

48

23
14 12
4

11 8
0 2 1 1 0 2 1 1 1 0 0 0 1 0 0 0

4776

896

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

193

107

39

18
8 5 6 4 4
1 3 1 2 3 0 3 1 0 0 1 0 0 0 0 0 0

5642

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                                            Cycles Degradation
                                                                                                                                       m�~�o�

Cycles Improvement

            Figure A . 8 : Benefit in cycles of schedule-based application over (a)  heuristic-based,

     (b)  dependence-based, and (c)  estimate-based application of renaming with copy for the

                                                                                             one-issue processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3

19
13
1 2 4 0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

316

4094

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      8
                                          1 0 0 0 0 0 0 0 0 0 0 0 3 3 0 4 6

                                                                                                                      14 14

22 23

53

91

307

327

14
1 2 4 0 0 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

570

2985

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5

334

15
2 1 3 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

4092

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(d)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

19
3 1 3 1 1 0 1 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

4068

356

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                      Cycles Degradation
                                                                                                                                        m�~�o�

Cycles Improvement

    Figure A . 9 : Change in cycles for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

      based, and (d)  schedule-based application of expression reformulation for the one-issue

                                                                                                              processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

19

73

11
2 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4348

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1

20

310

97

58

23 23
14 12
7 5
0 3 3 0 0 0 0 0 0 0 0 0 0 0 1

8

3268

601

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3

31

5 3 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4412

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                                            Cycles Degradation
                                                                                                                                       m�~�o�

Cycles Improvement

          Figure A . 10 : Benefit in cycles of schedule-based application over (a)  heuristic-based,

   (b)  dependence-based, and (c)  estimate-based appli cation of expression reformulation for

                                                                                       the one-issue processor configuration.

(a)

                                      0 0 0 1 0 0 0 1 0 0 3 0 2 0 1 0

                                                                                                              7 9 3 9 9

28 31

63

158

27

12
6 5
0 1 0 1 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

7085

323

894

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      8
                                          1 0 1 1 0 1 0 1 3 6 1 1 4

                                                                                                     7
                                                                                                         1

                                                                                                             12 15

                                                                                                                      21 25

51 46

78

139

113

36

16 16

4 4 3 4 2 2 1 2 3 0 3 1 0 1 0 0 0 0 0 0 0

5939

450

433

1224

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 5

17
10
2 4 1 1 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

8288

351

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(d)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

127

48

20
12
6 6 5 5 2 3 1 2 3
0 4 1 0 0 1 0 0 0 0 0 0

7875

559

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                      Cycles D egradation
                                                                                                                                        m�~�o�

Cycles Improvement

 Figure A . 11 : Change in cycles for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

             based, and (d)  schedule-based application of both transformations for the one-issue

                                                                                                              processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0

19

264

98

51
34
17 14
9 12 9 4
2 2 5 0 6 1 0 1 1 0 0 1 0 0 0

7013

1116

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 1

20

150

90

47 47
28
19 19 15
1

7 5
1 1 6 3 1 0 1 0 1 1 0 1

8

6431

1322
453

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3

217

111

40

18
8 5 5 6 4
1 3 1 2 3 0 3 1 0 0 1 0 0 0 0 0 0

8248

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                                            Cycles Degradation
                                                                                                                                       m�~�o�

Cycles Improvement

          Figure A . 12 : Benefit in cycles of schedule-based application over (a)  heuristic-based,

   (b)  dependence-based, and (c)  estimate-based application of both transformations for the

                                                                                             one-issue processor configuration.

                                                 (a)

                                                                                          0 1 3 3 2

7

16

23

59

174

116

59
46
30 32
17
10 6
0 0 0

378

5059

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 1 2 1 4 5

14

22

67

141

237

264

171

149

115

80
63
49
33
13 17 14

4579

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 1

7

14

70

191

138 139

107

85
74
60

36

13 16 14

5076

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (d)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

352

244

183

149

100

75
67

35

13 17 14

4792

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                            Percent Degradation
                    m�~�o�

Percent Improvement

                                                     Figure A . 13 : Percent change for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

                                                               based, and (d)  schedule-based application of renaming with copy for the two-issue

processor configuration.

                                                 (a)

                                                                                          0 0 0 0 0 0 0 0 0 0 1

200

140

78
59 59

29
13 17 14

4413

661 357

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 0 0 0 0 0 0 0

7

242

104

54

18 15 18
1 0 0 0

5199

383

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 0 0 0 3

315

142

62

35

6
0 4 0 0 0 0

5474

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                                   Percent Degradation
                    m�~�o�

Percent Improvement

                                                              Figure A . 14 : Percent benefit of schedule-based application over (a)  heuristic-based,

                                                      (b)  dependence-based, and (c)  estimate-based application of renaming with copy for the

two-issue processor configuration.

                                                 (a)

                                                                                          0 0 0 0 0 0 1 0 1 4

44

218

151

48

18
1 0 0 0 0 0 0

3969

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                         10
                                                                                                    3

                                                                                                               9 7 5

17

31

57

121

289

190

65

22
2 0 0 0 0 0 0

498

2779

350

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 1 0 0 2 0

7

13

55

96

262

184

71

25
4 0 0 0 0 0 0

366

3369

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (d)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

215

73

24
5 2 1
0 0 0 0

3715

420

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                            Percent Degradation
                    m�~�o�

Percent Improvement

                                                     Figure A . 15 : Percent change for (a)  heuristic-based, (b)  dependence-based, (c)  estima te-

                                                       based, and (d)  schedule-based application of expression reformulation for the two-issue

processor configuration.

                                                 (a)

                                                                                          0 0 0 0 0 0 0 1 0

12 13

268

83

21
9 4
2 1 0 0 0 0

4041

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 0 0 0 0 1 0

17 15

328

140

59

25

11 7
6 2 4 1

3266

573

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 1 0

8

16

350

132

54

13
3 0 2 0 0 0 0

3876

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                                   Percent Degradation
                    m�~�o�

Percent Improvement

                                                              Figure A . 16 : Percent benefit of schedule-based application over (a)  heuristic-based,

                                                    (b)  dependence-based, and (c)  estimate-based application of expression reformulation for

the two-issue processor configuration.

                                                 (a)

                                                                                          0 1 3 3 2

8 10

26

64

170

316

202

96

48
33
17
10 6
0 0 0

403

7262

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                         11
                                                                                                    6 9 10

16

26

47

90

176

194

128

80
61
49
33
13 17 14

400 611

5815

525 349

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 1 0 0 3 0

6

12

59

100

314

325

196

126

90
71
61

35

13 16 14

6742

496

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (d)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

259

168

105

73 70

35

13 17 14

6802

689 435

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                            Percent Degradation
                    m�~�o�

Percent Improvement

                                                     Figure A . 17 : Percent change for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

                                                              based, and (d)  schedule-based application of both transformations for the two-issue

processor configuration.

                                                 (a)

                                                                                          0 0 0 0 0 0 0 1 0

11 14

225

142

80
59 60

29
13 17 14

6773
807 435

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 0 0 0 0 1 0

13

20

255

111

57
34
27
6 1 1 8

6839
792 515

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 1 0 4

14

267

109

48

10
0

6
0 0 0 0

7599
622

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                                   Percent Degradation
                    m�~�o�

Percent Improvement

                                                              Figure A . 18 : Percent benefit of schedule-based application over (a)  heuristic-based,

                                                     (b)  dependence-based, and (c)  estimate-based application of both transformations for the

two-issue processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 2 3 1 0 0 1

                                                                                                                  8
                                                                                                                       3 2 7

11 10

29

81

132

53

23 22
15 12
7 4 3
1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

312

5298

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 2 0 3 0 0

                                                                                                                  7 6 2 5 6 10

17

60

229

166

135

61

37

25
17
9 4
2 3 2 1 3 2 2 5 2 1 6 2 1 0 2 1

10

323

4872

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3

50

247

188

141

65

33
25
16
11
4 2 3 2 2 2 2 2 5 2 1 6 2 1 0 2 1

10

5213

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(d)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

206

141

70

36
26
20
12 8
2 3 2 1 3 2 2 5 2 1 6 2 1 0 2 1

10

4975

502

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                      Cycles Degradation
                                                                                                                                        m�~�o�

Cycles Improvement

 Figure A . 19 : Change in cycles for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

              based, and (d)  schedule-based application of renaming with copy for the two-issue

                                                                                                              processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

240

153

60

27
20
15
8 10
3 1 2 2 7 5 2 5 2 1 6 2 1 0 2 1

10

4765

691

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3

103

30

15 10
5 1 6 6 1 0 2 0 3 0 0 0 0 1 0 0 0 0 0 0 0

5424

431

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

27

4 5 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5644

360

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                                            Cycles Degradation
                                                                                                                                       m�~�o�

Cycles Improvement

          Figure A . 20 : Benefit in cycles of schedule-based application over (a)  heuristic-based,

     (b)  dependence-based, and (c)  estim ate-based application of renaming with copy for the

                                                                                             two-issue processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2

16 21
4 3 3 1 1 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

358

4041

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      7
                                          0 1 0 0 0 0 0 0 0 0 0 0 1 1 0 1 2 5

13 10 10

29

68

246

41

9
3 7 1 1 4 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

463

3085

446

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 2

8

61

254

44

10
3 7 1 3 3 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3593

463

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(d)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

50

14
4 6 3 2 5 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3853

517

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                      Cycles Degradation
                                                                                                                                        m�~�o�

Cycles Improvement

 Figure A . 21 : Change in cycles for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

      based, and (d)  schedule-based application of expression reformulation for the two-issue

                                                                                                              processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2

18

192

35

9
2 3 2 1 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4188

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2

23

257

73

36

11 12 15
5 2 1 0 1 1 0 0 0 0 0 0 0 0 0 0 1 0 7

3487

521

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0

12

66

12
5 1 0 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

316

4039

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                                            Cycles Degradation
                                                                                                                                       m�~�o�

Cycles Improvement

          Figure A . 22 : Benefit in cycles of schedule-based application over (a)  heuristic-based,

   (b)  dependence-based, and (c)  estimate-based application of expression reformulation for

                                                                                      the two-issue processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 1 4 1 0 0 3 3 5 3 5

14
7

31

75

328

77

27 25
18 13
8 7
3 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7556

463

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      7
                                          0 1 0 0 0 0 0 1 1 1 1 0 1 4 0 5 5

                                                                                                                      12 14 15

19

43

103

196

146

58
44

25
18 13
4 2 3 3 1 3 2 2 5 2 1 6 2 1 0 2 1

10

290

619

6298

690

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 1 0 0 0 0 0 4

8

52

284

225

153

66

40

25
18 15

3 2 4 3 2 2 2 2 5 2 1 6 2 1 0 2 1

10

7073

665

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(d)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

256

159

67

46

31
21
16
6 2 5 3 1 3 2 2 5 2 1 6 2 1
0 2 1

10

7086

944

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                      Cycles Degradation
                                                                                                                                        m�~�o�

Cycles Improvement

 Figure A . 23 : Change in cycles for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

            based, and (d)  schedule-based application of both transformations for the two-issue

                                                                                                              processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3

17

261

167

62

33
22
16
11
5 5 1 2 2 8 4 2 5 2 1 6 2 1 0 2 1

10

7198

831

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2

20

329

120

54

28

13 16 18
4

12
0 3 1 1 1 1 1 1 1 0 0 0 0 1 0

7

7181

865

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

7

81

21
11
1 1 0 1 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7911

643

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                                            Cycles Degradation
                                                                                                                                       m�~�o�

Cycles Improvement

          Figure A . 24 : Benefit in cycles of schedule-based application over (a)  heuristic-based,

   (b)  dependence-based, and (c)  estimate-based application of both transformations for the

                                                                                             two-issue processor configuration.

                                                 (a)

                                                                                          0 0 1 0 0

6 3

16

29

54

108

70
54
40
31
14 15
6
0 0

104

168

5322

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 0 0 3 2

9

17

23

62

205

174

135

78
72

40
24
13

29

4379

401 375

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 1 5 4 5

18

134 134

115

92
78

45

26
13

29

4985

185
172

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (d)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

265

228

149

112

85

48

26
13

29

4111

537 438

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                            Percent Degradation
                    m�~�o�

Percent Improvement

                                                     Figure A . 25 : Percent change for (a)  heuristic-based, ( b)  dependence-based, (c)  estimate-

                                                               based, and (d)  schedule-based application of renaming with copy for the four-issue

processor configuration.

                                                 (a)

                                                                                          0 0 0 0 0 0 0 0 0 0 2

238

194

107

78
71

30
18
13

29

4339

518 404

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 0 0 0 0 0 0 0 2

96

66

19 21 16

0 0 0 0

131

218

5472

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 0 0 0 4

153

99

22
12 8
0 0 0 0

5005

424

314

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                                   Percent Degradation
                    m�~�o�

Percent Improvement

                                                              Figure A . 26 : Percent benefit of schedule-based application over (a)  heuristic-based,

                                                      (b)  dependence-based, and (c)  estimate-based application of renaming with copy for the

four-issue processor configuration.

                                                 (a)

                                                                                          0 0 0 0 0 0 0 0 0

27

44

77

31

3 1 4 1 0 0 0

3898

191

178

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          6 4 1 1 4 4 9

19

40

118

200

132

51

16
8 9
1 0 0 0

3123

413

296

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 4 0 2 1 2

9 6

28

93

187

134

50

16
8 9
1 0 0 0

3199

409

297

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (d)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

138

53

18
8 9
1 0 0 0

3478

444

306

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                            Percent Degradation
                    m�~�o�

Percent Improvement

                                                     Figure A . 27 : Percent change for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

                                                      based, and (d)  schedule-based application of expression reformul ation for the four-issue

processor configuration.

                                                 (a)

                                                                                          0 0 0 0 0 0 0 0 0 5 3

67

20
12
6 5
0 0 0 0

3864

306

167

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 0 0 0 0 0 0

6 8

45

18
12
2 5 1 2 3 0

3974

249

130

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 0 1 2 3

25
16
6 2 4
0 0 0 0

4050

246

100

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                                   Percent Degradation
                    m�~�o�

Percent Improvement

                                                              Figure A . 28 : Percent benefit of schedule-based application over (a)  heuristic-based,

                                                    (b)  dependence-based, and (c)  estimate-based application of expression reformulation for

the four-issue processor configuration.

                                                 (a)

                                                                                          0 0 1 0 0

6 3

18

26

78

118

346

277

141

85

45
32
18 15
7
0 0

7464

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          6 4
                                                                                                               0 2

6 6 10

29

54

130

225

328

221

138

85
78

42

23
13

29

5926

718 607

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 4 0 2 1 2

10 9

28

92

181

261

179

129

96
85

47

26
12

29

6529

512 446

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (d)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

276

161

118

91

47
29
13

29

5973

849 697
397

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                            Percent Degradation
                    m�~�o�

Percent Improvement

                                                     Figure A . 29 : Percent change for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

                                                             based, and (d)  schedule-based application of both transformations for the four-issue

processor configuration.

                                                 (a)

                                                                                          0 0 0 0 0 0 0 0 0 5

8

279

205

110

81
74

32
18
13

29

6557

704 565

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 0 0 0 0 0 0 5

9

135

75

35
29 24

2 2 3 0

7685

416

260

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 0 1 3

8

166

106

30
17 13
0 0 0 0

389

611

7336

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                                   Percent Degradation
                    m�~�o�

Percent Improvement

                                                              Figure A . 30 : Percent benefit of schedule-based application over (a)  heuristic -based,

                                                     (b)  dependence-based, and (c)  estimate-based application of both transformations for the

four-issue processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 4

10 7

19

99

72

42
33
22
16
10 6
2 3 1 0 1 3 0 0 0 0 0 0 0 0 0 0 0 0

5484

204

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 1

12
7

17

43

175

193

83

44
37
27

13 8
3 6 1 3 4 2 1 2 5 1 1 6 1 2 0 1

14

4702

624

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 4 3 4

10

188

87

41 37

26

13 12
4 6 1 3 5 2 1 2 5 1 1 6 1 2 0 1

14

186

5103

272

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(d)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

206

192

88

51

35
28

14 9
6 8 3 1 6 2 1 2 5 1 1 6 1 2
0 1

14

4483

875

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                      Cycles Degradation
                                                                                                                                        m�~�o�

Cycles Improvement

 Figure A . 31 : Change in cycles for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

             based, and (d)  schedule-based application of renaming with copy for the four-issue

                                                                                                              processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

172

154

67

29
17 17
8 8
2 7 2 1 2 2 1 2 5 1 1 6 1 2 0 1

14

881

4708

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

51

23
14
4 3 2 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

340

5603

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

20

4 8 2 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0

684

5320

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                                            Cycles Degradation
                                                                                                                                       m�~�o�

Cycles Improvement

          Figure A . 32 : Benefit in cycles of schedule-based application over (a)  heuristic-based,

     (b)  dependence-based, and (c)  estimate-based application of renaming with copy for the

                                                                                            four-issue processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

48

29

6 5 2 2 4 3 1
0 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0

3985

368

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      3 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

10

19

38

222

64

19
8 5 4 6
3 2 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

3408

640

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

9

23

195

66

18
8 4 5 6
3 2 1 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0

3469

644

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(d)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

71

21
8 4 5 6
3 2 1 0 1 0 0 0 1 0 0 0 0 0 0 0 0 0 0

3660

672

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                      Cycles Degradation
                                                                                                                                        m�~�o�

Cycles Improvement

 Figure A . 33 : Change in cycles for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

     based, and (d)  schedule-based application of expression reformulation for the four-issue

                                                                                                              processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

6

38

15
3 1 3 2 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

368

4016

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

7

47

21
11
0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 3

254

4108

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 3

35

8
2 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0

221

4184

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                                            Cycles Degradation
                                                                                                                                       m�~�o�

Cycles Improvement

          Figure A . 34 : Benefit in cycles of schedule-based application over (a)  heuristic-based,

   (b)  dependence-based, and (c)  estimate-based application of expression reformulation for

                                                                                      the four-issue processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 3 5

10
5

20

129

103

52
36
24
18 14
8 4
3 1 1 1 3 0 1 0 0 0 0 0 0 0 0 0 0

7686

553

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      3 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 3 1

19

28

42

248

227

203

93

47 47

29
14 9
3 6 3 1 4 2 2 2 5 1 1 6 1 2 0 1

14

6437

1172

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2

10

24

187

232

202

95

46 44
30
16 14
4 6 2 2 5 2 2 2 5 1 1 6 1 2 0 1

14

6859

863

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(d)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

270

203

97

57
44
32
16
11
6 8 3 1 7 2 2 2 5 1 1 6 1 2
0 1

14

1448

6440

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                      Cycles Degradation
                                                                                                                                        m�~�o�

Cycles Improvement

 Figure A . 35 : Change in cycles for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

            based, and (d)  schedule-based application of both transformations for the four-issue

                                                                                                              processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 5

192

161

73

32

19 16
9 8
2 7 2 1 2 2 1 2 5 1 1 6 1 2 0 1

14

6999

1115

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

6

86

42

28

7 2 4 4
0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 2 3

7927

567

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 4

55

12
6 2 1
0 0 0 0 0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0

7743

854

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                                            Cycles Degradation
                                                                                                                                       m�~�o�

Cycles Improvement

          Figure A . 36 : Benefit in cycles of schedule-based application over (a)  heuristic-based,

   (b)  dependence-based, and (c)  estimate-based application of both transformations for the

                                                                                            four-issue processor configuration.

                                                 (a)

                                                                                          0 1 0 0

6
1 0 5 4

15

27

181

120

87

64 63

24 29 21 22

1 3

5367

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 0 0 0 0 0 4 2

7

294

226

168

97
90
74

41
28

39

4071

463 437

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 0 0 0 3

347
328

261

209

163

91 92
74

38
27

42

4366

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (d)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

297

179

111 112

85

37
29

45

3674

591 517 364

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                            Percent Degradation
                    m�~�o�

Percent Improvement

                                                     Figure A . 37 : Percent change for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

                                                              based, and (d)  schedule -based application of renaming with copy for the eight-issue

processor configuration.

                                                 (a)

                                                                                          0 0 0 0 0 0 0 0 0 0 3

296

245

125

85 85

52

22 26

35

4106
506 455

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

176

122

87 86

9

16 21
0 0 0 0

5524

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

319

248

130

96

11 15

21
0 0 0 0

5201

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                                   Percent Degradation
                    m�~�o�

Percent Improvement

                                                              Figure A . 38 : Percent benefit of schedule-based application over (a)  heuristic-based,

                                                      (b)  dependence-based, and (c)  estimate-based application of renaming with copy for the

eight-issue processor configuration.

                                                 (a)

                                                                                          0 0 0 0 0 0 0 0 0 0 4

231

202

96

42

7
1

6
1 0 0 0

3865

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 1 4 0 0

7 10

20

26

177

90

18 13 16

7 2
1 1

3189

468 405

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 1 4 0 0 4

7

17 22

177

90

18 13 16

7 2
1 1

3200

468 407

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (d)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

177

92

19
13 16
7 2
1 1

3249

472 406

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                            Percent Degradation
                    m�~�o�

Percent Improvement

                                                     Figure A . 39 : Percent change for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

                                                     based, and (d)  schedule-based application of expression reformulation for the eight-issue

processor configuration.

                                                 (a)

                                                                                          0 0 0 0 0 0 0 0 1 5 3

272

215

85

53

10 8 9 6
2 1 1

3784

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 0 0 0 0 0 1

7 5

59

23
13
6 5 1
0 0 0 0 0

4335

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 0 1

7 5

55

20
10
4 5 1 0 0 0 0 0

4347

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                                   Percent Degradation
                    m�~�o�

Percent Improvement

                                                              Figure A . 40 : Percent benefit of schedule-based application over (a)  heuristic-based,

                                                    (b)  dependence-based, and (c)  estimate-based application of expression reformulation for

the eight-issue processor configuration.

                                                 (a)

                                                                                          0 1 0 0

6
1 0 5 2

14

21

325

182

108

66

27

36
22 23

1 3

7472

365

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 1 4 0 0

7 12

17

31

303

180

100

109

81

37
27

39

5694

780 787 471

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 1 4 0 0 4 5

15

26

290

176

94

107

81

38
27

41

5949

695 692 435

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (d)

                                                                                          0 0 0 0 0 0 0 0 0 0 0

194

115

125

88

40
30

45

5378

882 861 543
379

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                            Percent Degradation
                    m�~�o�

Percent Improvement

                                                     Figure A . 41 : Percent change for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

                                                            based, and (d)  schedule-based application of both transformations for the eight-issue

processor configuration.

                                                 (a)

                                                                                          0 0 0 0 0 0 0 0 1 5

8

286

131

86 87

51
24 27

35

6258
662 651 368

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

45-41

40-36

35-31

30-26

25-21

20-16

15-11

10-6

 5-1

0 1-5

 6-10

11-15

16-20

21-25

26-30

31-35

36-40

41-45

46-50

51+Number of Control Blocks

                                                 (b)

                                                                                          0 0 0 0 0 0 0 0 1

6 5

232

142

100
87

16 19

23
0 0 0 0

8049

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                 (c)

                                                                                          0 0 0 0 0 0 0 0 1

6 5

262

138

95

18 16 20
0 0 0 0

7759
360

                                                                                0

                                                                              25

                                                                              50

                                                                              75

                                                                            100

                                                                            125

                                                                            150

                                                                            175

                                                                            200

                                                                            225

                                                                            250

                                                                            275

                                                                            300

                                                                            325

                                                                            350

                                                                            375

                                                                            400

                                                                                                   Percent Degradation
                    m�~�o�

Percent Improvement

                                                              Figure A . 42 : Percent benefit of schedule-based application over (a)  heuristic-based,

                                                     (b)  dependence-based, and (c)  estimate-based  application of both transformations for the

eight-issue processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 2

37

245

92

57

31
24
16 13
11
4 3 2 3 1 2 1 0 0 0 2 0 0 0 0 0 0 0

5492

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 5

235

192

102

52

34
25
19 16

4 3 8 4 3 4 0 1 6 5 1 7 2 1 0 1

14

4471

824

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

230

194

98

50

34
23
17 19

5 4 7 4 3 5 0 2 6 4 1 7 1 1 0 1

14

4636

675

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(d)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

248

196

102

57

35

22 21 18

7 2 7 5 3 2 3
1 6 4 2

7 2
1 0 1

14

4172

1103

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                      Cycles Degradation
                                                                                                                                        m�~�o�

Cycles Improvement

 Figure A . 43 : Change in cycles for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

            based, and (d)  schedule-based application of renaming with copy for the eight-issue

                                                                                                              processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

185

145

59

32

16
10 9 14
2 2 3 3 2 2 2 1 6 2 0 7 2 1 0 1

14

4558

963

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

17

6 1
0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5663

353

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

13
6 1
0 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

5499

520

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                                            Cycles Degradation
                                                                                                                                       m�~�o�

Cycles Improvement

          Figure A . 44 : Benefit in cycles of schedule-based application over (a)  heuristic-based,

     (b)  dependence-based, and (c)  estimate-based application of renaming with copy for the

                                                                                           eight-issue processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1

34

8 4
3 1 4 2 1 1 0 0 0 0 2 1 0 0 0 0 0 0 0 0 0 0

3946

447

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 2 0 0 0 0 0 1 0 2

36

89

24

13
6 2 4 3 1 4 1
0 0 0 2 1 0 0 0 0 0 0 0 0 0 0

3435

826

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 2

29

89

24

13
6 2 4 3 1 4 1
0 0 0 2 1 0 0 0 0 0 0 0 0 0 0

3443

828

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(d)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

91

24

13
6 2 4 3 1 3 1
0 0 0 3 1 0 0 0 0 0 0 0 0 0 0

3465

838

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                      Cycles Degradation
                                                                                                                                        m�~�o�

Cycles Improvement

 Figure A . 45 : Change in cycles for (a)  heuristic-based, (b)  dependence-based, (c)  estimate-

    based, and (d)  schedule-based application of expression reformulation for the eight-issue

                                                                                                              processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6

46

14
9
3 1 0 1 0 3 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

3937

434

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8

44

3 0 1 1 0 0 0 0 0 1 3 0 0 1 0 0 0 0 0 0 0 0 0 0 0

4393

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8

39

2 0 1 1 1 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

4402

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                                            Cycles Degradation
                                                                                                                                       m�~�o�

Cycles Improvement

          Figure A . 46 : Benefit in cycles of schedule-based application over (a)  heuristic-based,

   (b)  dependence-based, and (c)  estimate-based application of expression reformulation for

                                                                                     the eight-issue processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 1 2

30

129

70

35
26
17 17 14
5 4 2 2 2 2 3 1 0 0 2 0 0 0 0 0 0 0

7665

649

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 2 0 0 0 0 0 1 0 4

34

300

216

113

59
45

27
20 17
6 3 8 5 3 4 1 1 6 5 1 7 2 1
0 1

14

6250

1521

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 2 0 2

26

216

105

61

39
27 24
17
7 3 8 5 3 5
1 2 6 4 1

7
1 1 0 1

14

293

6395

1403

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(d)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

328

223

109

63

42
27 23
21
7 2 6 6 3 4 5
1 6 4 2

7 2
1 0 1

14

5990

1783

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                      Cycles Degradation
                                                                                                                                        m�~�o�

Cycles Improvement

 Figure A . 47 : Change in cycles for (a)  heuristic-based, (b)  depen dence-based, (c)  estimate-

           based, and (d)  schedule-based application of both transformations for the eight-issue

                                                                                                              processor configuration.

(a)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

6

207

149

66

37

16
10 11 13
2 2 3 3 2 2 2 1 6 2 0 7 2 1 0 1

14

6771

1344

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(b)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7

20
9 5
1 1 0 0 0 0 1 3 0 0 1 0 0 0 0 0 0 0 0 0 0 0

8252

380

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

(c)

                                      0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

7

16
6 4 1 2 2
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0

8106

536

                               0

                             25

                             50

                             75

                           100

                           125

                           150

                           175

                           200

                           225

                           250

                           275

                           300

                           325

                           350

                           375

                           400

                                   26+ 24 22 20 18 16 14 12 10 8 6 4 2 0 2 4 6 8 10 12 14 16 18 20 22 24 26+

                                            Cycles Degradation
                                                                                                                                       m�~�o�

Cycles Improvement

          Figure A . 48 : Benefit in cycles of schedule-based application over (a)  heuristic-based,

   (b)  dependence-based, and (c)  estimate-based application of both transformations for the

                                                                                           eight-issue processor configuration.

                                                 (a)

-2.1

0.0-0.4

-1.5

0.0-3.7

-0.3

0.0-0.9

-0.6

-4.4

-7.4

-7.9

-0.1

-2.4

0.0-0.2

-1.4

-1.9

-0.4

0.5-0.6

-1.6

-6.3

-5.8

-12.0

0.1-2.3

0.00.00.00.10.00.00.00.00.10.00.00.00.00.00.00.20.00.00.10.00.10.40.90.10.40.20.50.00.30.0

                                                                           -25

                                                                           -20

                                                                           -15

                                                                           -10

                                                                             -5

                                                                              0

                                                                              5

Percentage Speedup

Heuristic-Based
Dependence-Based
Estimate-Based
Schedule-Based

                                                 (b)

0.10.00.00.50.00.20.10.00.00.00.00.01.30.00.0-3.0

0.0-1.6

-7.0

-0.9

-1.0

-0.2

-0.7

-4.1

-9.4

-11.4

0.0-5.3

0.20.00.00.50.00.20.10.00.10.00.00.01.30.00.30.20.00.00.50.00.20.10.00.10.10.00.91.30.00.3

                                                                           -25

                                                                           -20

                                                                           -15

                                                                           -10

                                                                             -5

                                                                              0

                                                                              5

Heuristic-Based
Dependence-Based
Estimate-Based
Schedule-Based

                                                 (c)

0.0-3.5

-6.6

-5.0

0.0-1.8

-8.7

-2.6

0.1-0.9

-10.3

-15.5

-18.1

0.1-7.5

0.20.00.00.60.00.20.10.00.20.00.00.01.30.00.30.40.00.00.60.00.20.50.90.20.40.20.81.30.30.3

                                                                           -25

                                                                           -20

                                                                           -15

                                                                           -10

                                                                             -5

                                                                              0

                                                                              5

008.espresso

022.li

023.eqntott

026.compress

072.sc

085.gcc

099.go

124.m88ksim

126.gcc

129.compress

130.li

132.ijpeg

134.perl

147.vortex

Average

Benchmark

Heuristic-Based
Dependence-Based
Estimate-Based
Schedule-Based

                                                        Figure A . 49 : Speedup due to the application of (a)  renaming with copy, (b)  expression

                                                          reformulation, and (c)  both transformations for the one-issue processor configuration.

                                                 (a)

0.0-1.0

0.0-0.4

-1.3

0.1-2.8

0.2-0.4

0.1-2.1

-2.8

-4.6

0.7-0.5

0.00.30.60.50.71.3-0.1

0.6-2.8

2.6-1.0

0.9-0.8

-0.4

1.61.00.00.20.21.00.41.51.60.11.90.94.00.01.10.71.50.00.60.41.10.91.70.22.41.61.11.11.77.91.0

                                                                           -15

                                                                           -10

                                                                             -5

                                                                              0

                                                                              5

                                                                            10

                                                                            15

Percentage Speedup

Heuristic-Based
Dependence-Based
Estimate-Based
Schedule-Based

                                                 (b)

0.20.00.00.50.00.20.10.00.00.00.10.02.00.0-0.2

-2.3

0.0-0.8

-8.5

-0.1

-1.1

-0.2

-0.3

-2.9

-5.7

-8.4

0.0-3.8

0.40.0-0.6

0.30.00.00.10.10.00.1-0.1

3.32.70.00.20.80.00.10.60.00.50.20.20.20.30.44.32.70.01.2

                                                                           -15

                                                                           -10

                                                                             -5

                                                                              0

                                                                              5

                                                                            10

                                                                            15

Heuristic-Based
Dependence-Based
Estimate-Based
Schedule-Based

                                                 (c)

-0.8

0.1-2.6

0.20.0-0.4

0.1-2.0

0.7-0.6

0.0-0.2

-8.9

0.2-0.5

1.11.3-0.4

0.0-6.2

0.9-4.8

1.20.0-0.4

0.51.00.41.61.70.11.80.84.62.71.10.71.90.00.71.01.11.41.91.80.32.41.87.92.91.12.1

                                                                           -15

                                                                           -10

                                                                             -5

                                                                              0

                                                                              5

                                                                            10

                                                                            15

008.espresso

022.li

023.eqntott

026.compress

072.sc

085.gcc

099.go

124.m88ksim

126.gcc

129.compress

130.li

132.ijpeg

134.perl

147.vortex

Average

Benchmark

Heuristic-Based
Dependence-Based
Estimate-Based
Schedule-Based

                                                        Figure A . 50 : Speedup due to the application of (a)  renaming with copy, (b)  expression

                                                         reformulation, and (c)  both transformations for the two-issue processor configuration.

                                                 (a)

0.10.80.0-0.3

0.23.40.60.00.21.30.85.3-2.7

0.91.30.72.60.00.92.62.72.32.40.64.10.615.1

1.81.21.00.52.70.00.32.73.12.22.10.33.82.017.9

0.01.41.41.23.60.00.92.94.42.72.40.74.94.119.9

1.91.42.3

                                                                            -5

                                                                             0

                                                                             5

                                                                           10

                                                                           15

                                                                           20

                                                                           25

Percentage Speedup

Heuristic-Based
Dependence-Based
Estimate-Based
Schedule-Based

                                                 (b)

0.20.00.22.00.00.20.20.00.10.20.10.00.00.1-0.5

-0.1

0.00.10.10.10.20.00.10.4-0.1

4.40.00.5-3.8

-3.0

0.60.00.11.70.10.00.20.00.10.51.54.9-1.3

0.20.01.30.00.22.00.10.40.30.10.30.51.27.22.82.70.0

                                                                            -5

                                                                             0

                                                                             5

                                                                           10

                                                                           15

                                                                           20

                                                                           25

Heuristic-Based
Dependence-Based
Estimate-Based
Schedule-Based

                                                 (c)

1.00.0-0.1

2.10.23.60.80.00.21.50.95.3-2.4

0.91.12.00.00.9-3.3

2.62.82.42.40.74.2-0.4

15.8

1.21.52.80.00.42.22.73.02.42.00.44.03.117.7

-1.3

1.41.34.20.01.13.22.94.82.92.51.05.24.720.2

4.31.44.6

                                                                            -5

                                                                             0

                                                                             5

                                                                           10

                                                                           15

                                                                           20

                                                                           25

008.espresso

022.li

023.eqntott

026.compress

072.sc

085.gcc

099.go

124.m88ksim

126.gcc

129.compress

130.li

132.ijpeg

134.perl

147.vortex

Average

Benchmark

Heuristic-Based
Dependence-Based
Estimate-Based
Schedule-Based

                                                        Figure A . 51 : Speedup due to the application of (a)  renaming with copy, (b)  expression

                                                        reformulation, and (c)  both transformations for the four-issue processor configuration.

                                                 (a)

2.60.01.00.26.90.80.00.41.86.09.46.21.03.5

-0.3

4.80.01.11.62.65.63.12.61.16.57.420.8

8.81.44.14.60.01.01.52.55.62.92.60.96.07.120.6

8.61.54.25.40.01.12.42.66.93.42.61.26.79.424.4

8.81.54.3

                                                                             0

                                                                             5

                                                                           10

                                                                           15

                                                                           20

                                                                           25

                                                                           30

Percentage Speedup

Heuristic-Based
Dependence-Based
Estimate-Based
Schedule-Based

                                                 (b)

0.00.00.00.00.40.00.43.80.00.10.20.00.20.10.10.00.10.42.20.01.01.00.10.40.30.10.50.53.49.59.44.42.40.01.03.90.10.40.30.10.50.53.59.59.44.42.40.01.04.80.10.30.30.10.50.63.59.29.44.4

                                                                             0

                                                                             5

                                                                           10

                                                                           15

                                                                           20

                                                                           25

                                                                           30

Heuristic-Based
Dependence-Based
Estimate-Based
Schedule-Based

                                                 (c)

3.00.00.14.80.27.01.00.00.62.06.19.46.31.03.95.70.12.12.62.65.93.32.71.66.78.223.2

11.9

1.48.05.90.02.05.52.65.93.22.71.46.28.123.1

11.8

1.58.06.50.12.17.12.67.23.72.71.76.910.5

25.1

12.0

1.58.1

                                                                             0

                                                                             5

                                                                           10

                                                                           15

                                                                           20

                                                                           25

                                                                           30

008.espresso

022.li

023.eqntott

026.compress

072.sc

085.gcc

099.go

124.m88ksim

126.gcc

129.compress

130.li

132.ijpeg

134.perl

147.vortex

Average

Benchmark

Heuristic-Based
Dependence-Based
Estimate-Based
Schedule-Based

                                                        Figure A . 52 : Speedup due to the application of (a)  renaming with copy, (b)  expression

                                                       reformulation, and (c)  both transformations for the eight-issue processor configuration.