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REG

E++

E++

E=0

E=0

E++

E=0
E=1

BUS BUL

RL

RL

BUL

BUS − begin unresolved store
RS− resolve store
BUL − begin unresolved load
RL − resolve load

RS

BUL
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def

use

def

use

value x value y

Both values are
in REG state, x
is defined earlier,
and x has a later
reload deadline.

def

use

use

value x value y

There are no
 empty slots in
 this range.

def

use

y is in REG
state, it has
E(y)=0, and
x has a later
reload deadline.

a b

�}ÏåÐ;ânÔ#Ó�����*ùíºØ2×�Ò^ÜåÓZÛ�Ö2ÕjÒnÔ�ânÙ^ÏåÙnÐ�Ô�â^ÜåÓZÛ,�ªØ2Ù�á�úLé

Ï®ßZé
�iÑnÓNÔ#ÓgÏFÛ�ÙnÖªÔ�ÓZØ@Û-Ö@Ù�ÕIÖ@Ô�Ï®ß�ß#ÖRÞLÓ&Ï®Ù�ØRÔ�ÓNÐ2ÏFÛ-ß#ÓNÔZî�Ø¸Ù�á�Ó�íºÚ�Ü®â�á;Ï®ÙnÐ�Ï®ß�ä$Ï�Ü�Ü�ÙnÖ@ß�Ú�ÖWÛ-ß�Ø2Ù^Ý^ß#Ñ^Ï®ÙnÐ�é
�ú�.Ý�®�þ û ïIÕ'ô\ä�Ø@Û�Ï®ÙÅì\* ì Û¶ßcØ2ß#Ó�Ï®Ù«ß�ÑnÓªÒnÔ#ÓNç;ÏåÖ;â�Û/Û£ÜåÖ;ßZî7ôÃÏFÛ�â�Û¶ÓZá�Ï®Ù«ß#ÑnÓ�Ú�ânÔ#Ô#ÓNÙ^ß/ÛÆÜ®Ö@ßZî�Ø2Ù�á�ô

×Râ�Û-ßgÞ�Ó�Ü®ÖWØ@á^ÓZá�Ï®ÙBß�ÑnÓ/Ú�ânÔ#Ô#ÓNÙ^ß&ÛÆÜ®Ö@ß��-Û-ÓNÓº�}Ï®Ð@ânÔ#Óªö¶
�înß#ÑnÓNÙfÓ�íºÚ�Ü®â�á^Ó¬Ø>Ü�Ü�ç>Ø>ÜåânÓZÛ`õ�ß�Ñ�Ø2ß�ä$ÓNÔ#ÓÉÏ®ÙÃì\*�ì
Û-ßcØ¸ß#ÓgÏ®Ù�ß#ÑnÓ�ÒnÔ#ÓNç@Ï®Ö@â�ÛgÛÆÜ®Ö@ßZîºä©ÓNÔ�Ó&Ó�íºÚ�Ü®â�á^ÓZáf×ªÖ;Ô#Ó&Ô#ÓZÚ�ÓNÙ^ß-Ü®Ý�ß#Ñ�Ø2ÙDô}î�Ø2Ù�á�Ø2Ô#Ó&ÙnÖ@ß�â�Û¶ÓZá�Ï®Ù�ß#ÑnÓRÚ�ânÔ#Ô#ÓNÙ^ß
ÛÆÜ®Ö@ßZé

o�ÖºõRÚNØ2Ù�Þ�ÓgÔ#Ó�Ü®ÖWØ@á^ÓZá�Ø2Ù^ÝRÓZØ2Ô-Ü�Ï®ÓNÔ©ß�Ñ�Ø2Ùªß#ÑnÓ�Ú�ânÔ�Ô#ÓNÙWß�ÛÆÜ®Ö@ß�ä$Ï®ß#ÑnÖ@ânß$Ú�ÖWÛ-ßZî^Ø2Ù�á¬Û£ÏåÙ�Ú�Ó&Ø2ÙnÖ@ß�ÑnÓNÔ ç>Ø>ÜåânÓ@î
ô3î^×Râ�Û-ß�ÞLÓ&Ô#Ó�Ü®ÖWØ@á^ÓZáæÏåÙ�ß�ÑnÓ�Ú�ânÔ#Ô#ÓNÙ^ß�ÛÆÜ®Ö@ßZî^Ó�í�Ú�Üåâ�á;Ï®ÙnÐ�õ�Ï®Ù�ß#ÑnÓ�Ú�ânÔ#Ô#ÓNÙ^ß�ÛÆÜ®Ö@ß�ÚNØ2ÙnÙnÖ@ß�Ò�ÖWÛ#Û£ÏåÞ^Ü®Ý�Ï®Ù�Ú�Ô#ÓZØ@Û¶Ó
ß#ÑnÓ�Ú�ÖWÛ¶ß�Ö2Õ�ß#ÑnÓ�Ø)Ü�Ü®ÖqÚNØ2ß¶ÏåÖ;Ù3é

Ø7ÙjÚRÙ ý älÿ �7Ýj§j¯A§��4í�¤����¦§K�Rî

ïÆÙBØ@áná;Ï®ß-Ï®Ö@Ùfß#Ö¬ß�ÑnÓ�Ï®×ªÒ^Ü�ÏFÚ�Ï®ßRÒnÔ#ânÙ^Ï®ÙnÐ�Ô#â^Ü®ÓZÛNî�Ö@ânÔ�Ø>ÜåÐ;Ö@Ô-Ï®ß#Ñn× â�Û-ÓZÛgÖ@ÙnÓRÓ�íqÒ^Ü�ÏFÚ�Ï®ßRÒnÔ#ânÙ^Ï®ÙnÐ�Ô#â^Ü®Óªß#Ñ�Ø2ß
Ú�Ö@×ªÒ�Ø¸Ô#ÓZÛgß-ä©Ö�Ò�Ø2Ô#ß¶Ï�Ø>ÜèÛ-Ö¸Üåânß¶ÏåÖ;Ù�ÛNî�� f Ø2Ù�á���òZî�ÒnÔ�Öqá^â�Ú�ÓZá\ÞWÝ�ß#ÑnÓªØ)Ü®Ð@Ö@Ô-Ï®ß#Ñn×ÄØ¸ß�ß#ÑnÓ�Ú�ânÔ#Ô#ÓNÙ^ß�ÛÆÜ®Ö@ß�Ø2Ù�á
á^Ó�Ü®ÓNß#ÓZÛ�� ò Ï�Õ3Ï®ß�ÚNØ2Ùæá^ÓNß�ÓNÔ#×RÏ®ÙnÓ&ß#Ñ�Ø2ß�� ò ÚNØ¸ÙnÙnÖ@ß$Ò�ÖWÛ#Û£ÏåÞ^Ü®Ý�Ô#ÓZÛ-â^Ü®ß$Ï®Ù�Ø&ÞLÓNß#ß#ÓNÔ�ò�Ù�Ø)ÜjØ)Ü�Ü®ÖqÚNØ¸ß-Ï®Ö@Ù�ß#Ñ�Ø2Ù�ß#ÑnÓ
Þ�ÓZÛ¶ß$ò�Ù�Ø)ÜùØ)Ü�Ü®ÖnÚNØ2ß-Ï®Ö@ÙfÖ@ÞnßcØ)Ï®Ù�Ø2Þ^Ü®ÓÉÕTÔ#Ö;×�� f é

�ú�.Ý�®�� û ïIÕ�Ø)Ü�Ü ç>Ø>ÜåânÓZÛ�æ�Ø2Ô�Ó�Ï®ÙBß�ÑnÓ¬Û#Ø2×ªÓªÛ-ß�Ø2ß#Ó&Ï®Ù�� f Ø¸Ù�á��7ò§î7ç f �eæ�
'è»ç'ò+�|æ�
�ÕTÖ;Ô�Ø)Ü�Ü ç>Ø)Ü®ânÓZÛ�æ
�²Ó�í�Ú�Ü®â�á;ÏåÙnÐ�ç2Ø)Ü®ânÓZÛ�Ï®ÙDÌ � ��Î�Û-ßcØ¸ß#Ó�ÕIÖ@Ô�ä�Ñ^Ï�Ú�ÑDç¾�eæ�
6ÏFÛ�ânÙ�á^Ó�ò�ÙnÓZá�
cî�Ø2Ù�á·ß#ÑnÓ/Ú�ÖWÛ¶ß©Ö¸Õ	� f ÏFÛ�ÙnÖªÐ;Ô#ÓZØ2ß#ÓNÔß#Ñ�Ø2Ù�ß�ÑnÓ�Ú�ÖWÛ-ß�Ö2Õ
��òZî^ß#ÑnÓNÙ��7ògÚNØ2Ù�Þ�Ó�ÒnÔ#ânÙnÓZá�é

ðDÑ�Ø2ß�ÓNç@ÓNÔ¬Ó�í�Ú�Ü®â�ÛÆÏ®Ö@Ù�Ûf×RÏ®Ð@Ñ^ß�Þ�Ó\â�Û-ÓZáDÏ®ÙDÜFØ2ß�ÓNÔ�ÛÆÜ®Ö@ßcÛ�Ö¸Õ���òZîgß#ÑnÓ«Û�Ø2×ªÓfÓ�íºÚ�Ü®â�ÛÆÏ®Ö@Ù�ÛfØ2ÒnÒ^Ü�Ï®ÓZá�ß#Ö
� f ÚNØ2ÙnÙnÖ@ß&Ñ�Ø)ç@Ó�Ñ^Ï®Ð@ÑnÓNÔ�Ú�Ö^Û-ß�ÞLÓZÚNØ2â�Û-Ó¬Ø>Ü�Ü Ú�ânÔ#Ô#ÓNÙ^ß-Ü®Ý�ânÙnÔ�ÓZÛ-Ö2Ü®ç@ÓZá�Ü®ÖWØ@ánÛ&Ø¸Ù�á�Û-ß#Ö;Ô#ÓZÛ$Ï®Ù�� f Ñ�Ø)ç@Ó&ÜFØ2Ô�Ð@ÓNÔÒ^ÜFØ@Ú�ÓN×ªÓNÙ^ß ÔcØ¸ÙnÐ@ÓZÛNé�¹2Ï®Ù�Ú�Ó�� ò ÏFÛ�ÙnÖgÜ®ÓZÛ#Û�Ó�ínÒ�ÓNÙ�Û£Ïåç;Ó�ß#Ö&Û-ßcØ¸Ô#ßjäiÏåß�Ñ3î� ò ÚNØ2ÙnÙnÖ@ß�Ô�ÓZÛ-â^Ü®ß�Ï®Ù¬ØiÜåÓZÛ�Û�Ó�ínÒ�ÓNÙ�ÛÆÏ®ç@Ó

ü3�



def

ex

def

ex

use

ex

use

value x value y

use

Both values
were in MEM
state in the
previous slot,
and x is used
in this slot.

There are no
empty slots in
this range.
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Slot #    Instruction           Values in Registers

------------------------
0)      Load 0               0 1 2 

Load 1
2 <- 1d + 0d

------------------------
1)      Load 3               2 3 4 5 6 

Load 4
5 <- 3d + 2d
6 <- 4 * 

------------------------
2)      Load 7               4 5 6 7 8 9 

8 <- 5d + 7d
9 <- 8 * 4d

------------------------
3)      Load 10              6 8 9 10 11 12 

11 <- 10 * 
12 <- 11d + 6d

------------------------
4)      Load 13              8 9 10 12 13 14 15 

Load 14
15 <- 14d + 13d

------------------------
5)      Load 16              8 9 10 12 15 16 17 

17 <- 16d + 15d
------------------------

6)      Load 18              8 9 10 12 17 18 19 20 
19 <- 17d + 18d
20 <- 19 * 10d

------------------------
7)      Load 21              8 9 12 19 20 21 22 23 

22 <- 19 * 21
23 <- 22d + 
Store 9

------------------------
8)      24 <- 21d *          8 12 19 20 21 23 24 25 

25 <- 24d + 12d
Store 19

------------------------
9)      Load 26              8 19 20 23 25 26 27 28 

27 <- 19 * 26
28 <- 27d + 
Store 28

------------------------
10)     29 <- 26d *          8 19 20 23 25 26 29 30 

30 <- 29d + 25d
Store 8

------------------------
11)     Load 31              8 19 20 23 30 31 32 33 

32 <- 19d * 31
33 <- 32d + 
Store 33

------------------------
12)     Load 36              8 20 23 30 31 34 35 36 

34 <- 31d * 
35 <- 34d + 30d

------------------------
13)     37 <- 20d +          8 20 23 35 36 37 38 

38 <- 8 * 36
------------------------

14)     39 <- 37d + 38d      8 23 35 36 37 38 39 40 
40 <- 36d * 

------------------------
15)     Load 41              8 23 35 39 40 41 42 43 

42 <- 40d + 35d
43 <- 8 * 41

------------------------
16)     44 <- 23d + 43d      8 23 39 41 42 43 44 45 

45 <- 41d * 
Store 39

------------------------
17)     Load 46              8 39 42 44 45 46 47 48 

47 <- 45d + 42d
48 <- 8d * 46

------------------------
18)     Load 28              28 39 44 46 47 48 49 50 

49 <- 28d + 48d
50 <- 46d * 
Store 49

------------------------
19)     Load 33              33 39 44 47 50 51 52 

51 <- 50d + 47d
52 <- 51d * 

------------------------
20)     Load 9               9 33 39 44 52 53 54 55 

Load 53
54 <- 33d + 9d
55 <- 54 * 53d

------------------------
21)     Load 56              39 44 52 54 55 56 57 58 

57 <- 54 * 56d
58 <- 54 + 
Store 55
Store 58

------------------------
22)     Load 59              39 44 52 54 57 59 60 61 

60 <- 39 * 59d
61 <- 60d + 57d

------------------------
23)     Load 62              39 44 52 54 61 62 63 64 

63 <- 44 * 62d
64 <- 63d + 61d
Store 54

------------------------
24)     Load 49              39 44 49 52 64 65 66 67 

Load 65
66 <- 49 * 65d
67 <- 66d + 64d

------------------------

------------------------
25)     Load 68              39 44 49 52 67 68 69 70 

69 <- 68 * 52d
70 <- 49 + 
Store 52
Store 67
Store 70

------------------------
26)     Load 75              39 44 68 69 71 72 75 

71 <- 68d * 
72 <- 44 + 

------------------------
27)     73 <- 69 * 71d       39 44 69 71 72 73 74 75 

74 <- 39 + 
Store 74

------------------------
28)     76 <- 69d * 75       39 44 69 72 73 75 76 

Store 72
------------------------

29)     77 <- 73 * 75d       39 44 73 75 76 77 
Store 76

------------------------
30)     78 <- 77d *          39 44 73 77 78 

------------------------
31)     Load 54              39 44 54 73 78 79 80 

Load 79
80 <- 54 * 79d
Store 73

------------------------
32)     Load 81              39 44 78 80 81 82 83 

82 <- 39 * 81d
83 <- 82d + 80d

------------------------
33)     Load 84              39 44 78 83 84 85 86 

85 <- 44 * 84d
86 <- 85d + 83d

------------------------
34)     Load 49              39 44 49 78 86 87 88 89 

Load 87
88 <- 49 * 87d
89 <- 88d + 86d

------------------------
35)     Load 90              39 44 49 78 89 90 91 92 

91 <- 78 * 89d
92 <- 91d + 90d
Store 92

------------------------
36)     Load 67              39 44 49 67 78 93 94 95 

Load 93
94 <- 78d * 67d
95 <- 94d + 93d

------------------------
37)     Load 54              39 44 49 54 78 95 96 97 

Load 96
97 <- 54 * 96d
Store 78
Store 95

------------------------
38)     Load 98              39 44 49 54 97 98 99 100 

99 <- 39 * 98d
100 <- 99d + 97d

------------------------
39)     Load 101             39 44 49 54 100 101 102 103 

102 <- 44 * 101d
103 <- 102d + 100d

------------------------
40)     Load 104             39 44 49 54 103 104 105 106 

105 <- 49 * 104d
106 <- 105d + 103d

------------------------
41)     Load 73              39 44 54 73 106 107 

107 <- 73d * 
------------------------

42)     Load 108             39 44 54 106 107 108 109 110 
109 <- 107d * 106d
110 <- 109d + 108d

------------------------
43)     Load 58              39 44 54 58 92 107 110 111 

Load 92
111 <- 58 * 92
Store 107
Store 111

------------------------
44)     Load 70              39 44 54 58 70 92 110 112 

112 <- 70 * 92
Store 110
Store 112

------------------------
45)     Load 113             39 44 54 58 92 113 114 

114 <- 54d * 113d
------------------------

46)     Load 115             39 44 58 92 114 115 116 117 
116 <- 39 * 115d
117 <- 116d + 114d

------------------------
47)     Load 118             44 58 92 117 118 119 120 

119 <- 44 * 118d
120 <- 119d + 117d

------------------------
48)     Load 49              44 49 58 92 120 121 122 123 

Load 121
122 <- 49 * 121d
123 <- 122d + 120d

------------------------
49)     Load 76              44 58 76 92 123 124 

124 <- 76d * 
------------------------

------------------------
50)     Load 125             44 58 92 123 124 125 126 127 

126 <- 124 * 123d
127 <- 126d + 125d

------------------------
51)     Load 72              44 58 72 92 124 127 128 

128 <- 72 * 92
Store 128

------------------------
52)     Load 74              44 58 72 74 92 124 127 129 

129 <- 74 * 92d
Store 129

------------------------
53)     Load 95              44 58 72 74 95 124 127 130 

130 <- 58 * 95
Store 124
Store 130

------------------------
54)     Load 70              44 58 70 72 74 95 127 131 

131 <- 70 * 95
Store 131

------------------------
55)     132 <- 72 * 95       44 58 70 72 74 95 127 132 

Store 132
------------------------

56)     133 <- 74 * 95d      44 58 70 72 74 95 127 133 
Store 133

------------------------
57)     Load 110             44 58 70 72 74 110 127 134 

134 <- 58 * 110
Store 134

------------------------
58)     135 <- 70 * 110      44 58 70 72 74 110 127 135 

Store 135
------------------------

59)     136 <- 72 * 110      44 58 70 72 74 110 127 136 
Store 136

------------------------
60)     137 <- 74 * 110d     44 58 70 72 74 110 127 137 

Store 137
------------------------

61)     138 <- 58 * 127      44 58 70 72 74 127 138 
Store 138

------------------------
62)     139 <- 70 * 127      44 70 72 74 127 139 

Store 139
------------------------

63)     140 <- 72 * 127      44 72 74 127 140 
Store 140

------------------------
64)     141 <- 74 * 127d     44 74 127 141 

Store 127
Store 141

------------------------
65)     Load 39              39 44 55 74 142 143 144 

Load 55
Load 142
143 <- 39d * 142d
144 <- 143d + 55d

------------------------
66)     Load 145             44 74 144 145 146 147 

146 <- 44d * 145d
147 <- 146d + 144d

------------------------
67)     Load 49              49 74 147 148 149 150 

Load 148
149 <- 49d * 148d
150 <- 149d + 147d

------------------------
68)     Load 124             74 124 150 151 152 153 

Load 151
152 <- 124d * 150d
153 <- 152d + 151d
Store 153

------------------------
69)     Load 58              58 74 153 154 

154 <- 58d * 153
Store 154

------------------------
70)     Load 70              70 74 153 155 

155 <- 70d * 153
Store 155

------------------------
71)     Load 72              72 74 153 156 

156 <- 72d * 153
Store 156

------------------------
72)     157 <- 74d * 153d    74 153 157 

Store 157
------------------------
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4.

5.

3.

2.

1.

Chime #

4.

5.

3.

2.

1.

Chime #

v3 v3

Values 3 and 6 can share
a register, since value 3
is not used after this slot.

Instructions accessing Instructions accessing values registers

6. Store 7 6. Store v6

Load  1

Load  2

Mul  3 <− 1 + 2

Load  4

Add  5 <− 3 +  4

Add  6 <− 3 + 5

Add  7  <− 4 + 6

Load  v1

Load  v2

Mul  v3 <− v1 + v2

Load  v4

Add  v5 <− v3 +  v4

Add        <−       + v5

Add  v6  <− v4 + v3

�}ÏåÐ;ânÔ#Ó�þ���¹WØ2×�ÓNã=ÏåÙ�Û¶ß#Ô#â�Ú�ß-Ï®Ö@ÙfÔ#ÓNÐ2ÏFÛ-ß�ÓNÔ�Û-Ñ�Ø2Ô-Ï®ÙnÐ

4.

3.

2.

1.

Chime #

4.

3.

2.

1.

Chime #

v3 v3

Instructions accessing Instructions accessing values registers

Load  1

Load  2

Mul  3 <− 1 + 2

Load  4

Add  5 <− 3 +  4

Add  6 <− 3 + 5

Mul  7  <− 4 + 6

Add  8 <− 4 + 6

Store 8

Values 3 and 6 can share
a register, as can values
5 and 7.

5.

Load  v1

Load  v2

Mul  v3 <− v1 + v2

Load  v4

Add  v5 <− v3 +  v4

Add        <−       + 

Mul         <− v4 + v3

Add  v5  <− v4 + v3

Store v5

v5

v5

5.

�}ÏåÐ;ânÔ#Ó����PïÆÙWß#ÓNÔ�ã=ÏåÙ�Û¶ß#Ô#â�Ú�ß-Ï®Ö@ÙfÔ#ÓNÐ2ÏFÛ-ß�ÓNÔ�Û-Ñ�Ø2Ô-Ï®ÙnÐ
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