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DPAS-DDGLatency-Exend(ddg,  regiontype, shortlatency, extendedlatency)
1 /*   phase 1: mark mustresbit of each operation * /
2 for  each predicated operation node, op, in ddg do
3 op.mustres= 1;
4 independenceSet = all operations in ddg independent from op1
5 if(op is disjoint from at least one operation from independenceSet then
6 op.mustres = 0
7 end if
8 end for
9 /*   phase 2: adjust cmpp latencies * /
10 for each cmpp operation outgoing edge, cmpp_outedge) do
11 op = cmpp_outedge.destination;
12 if op.mustres== 1 then
13 setlatency(cmpp_outedge, shortlatency)
14 else
15 setlatency(cmpp_outedge, extendedlatency)
16 end if
17 end for
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C1: p1,p2 = cmpp(t1 < 10) if p0
A1: t2 = t1 + t0 if p1
A2: t3 = t1 & 0x8  if p1
A3: t3 = t1 << 0x2 if p2
M1: store(t2, A, t3) if p0
B: if(t3 < 1) goto… 
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Benchmark
cjpeg
djpeg
epic
unepic
g721encode
g721decode
ghostview
gsmdecode
gsmencode
mesa
mpeg2enc
mpeg2dec
pegwitenc
pegwitenc
rasta
rawcaudio
rawdaudio

Adaptive Difference Pulse Code Modulation compression
Adaptive Difference Pulse Code Modulation decompression

MPEG2 video decoder  
public key encryption 
public key decryption 
program for the rasta-plp processing 

GSM 06.10 full-rate speech decoder
GSM 06.10 full-rate speech encoder
3-D graphics library  
MPEG2 video encoder  

Efficient Pyramid Image decoder
G.721 voice encoder
CCITT G.721 voice decoder
PostScript Interpreter & 38 & 107 & 91

Description
JPEG image compression 
JPEG image decompression 
Efficient Pyramid Image coder
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Benchmark SLbals CPL1 CPL2 CPL3 ResMSLbals ResMSLdpals IIbams RecMII1 RecMII2 RecMII3 ResMIIbams ResMIIdpams

cjpeg 67.42 56.13 61.35 66.13 60.51 54.26 10.00 1.00 1.00 1.00 10.00 7.00
djpeg 20.13 14.30 15.15 16.22 16.70 15.20 58.64 1.00 1.00 1.00 58.64 53.17
epic 7.06 5.47 6.24 6.35 5.20 4.05 23.01 1.00 1.00 1.00 23.01 18.84
unepic 20.72 18.99 19.17 20.72 8.15 7.04 6.00 1.00 1.00 1.00 6.00 5.00
g721encode 33.62 22.87 25.12 27.29 28.58 20.66 30.00 1.00 1.00 1.00 30.00 21.00
g721decode 29.53 20.03 22.03 24.03 25.06 18.01 30.00 1.00 1.00 1.00 30.00 21.00
ghostscript 17.77 12.54 13.98 15.47 12.44 9.76 44.10 7.88 7.88 7.88 43.13 33.35
gsmdecode 37.07 33.07 34.33 34.53 35.00 31.20 27.92 7.93 9.68 11.44 27.73 24.95
gsmencode 40.84 33.53 35.26 38.00 38.47 34.18 76.40 7.93 8.47 9.02 75.93 47.69
mesamipmap 51.90 37.63 39.63 41.62 37.82 34.82 22.00 1.00 1.00 1.00 22.00 16.33
mpeg2dec 45.68 32.11 33.85 36.83 39.68 28.23 28.35 1.00 1.00 1.00 28.35 25.85
mpeg2enc 44.04 37.71 35.19 35.50 26.47 23.83 20.01 2.98 3.98 4.97 20.01 17.02
pegwitdec 21.68 20.23 21.21 22.29 13.05 12.00 20.67 1.97 1.97 1.97 20.67 18.70
pegwitenc 22.49 19.90 20.90 22.25 16.49 15.43 22.91 1.00 1.00 1.00 22.91 20.20
rasta 19.14 17.10 18.14 19.33 11.44 10.19 8.00 1.96 1.96 1.96 8.00 7.00
rawcaudio 25.80 20.00 20.99 21.99 18.97 12.99 26.00 20.00 25.00 30.00 24.00 22.00
rawdaudio 12.91 10.99 11.99 12.99 11.97 7.99 20.00 6.00 8.00 10.00 20.00 18.00
Average 30.46 24.27 25.56 27.15 23.88 19.99 27.88 3.86 4.47 5.07 27.67 22.18

Benchmark SLbals CPL1 CPL2 CPL3 ResMSLbals ResMSLdpals IIbams RecMII1 RecMII2 RecMII3 ResMIIbams ResMIIdpams

cjpeg 54.98 56.13 61.35 66.13 30.44 29.09 5.00 1.00 1.00 1.00 5.00 4.00
djpeg 14.78 14.30 15.15 16.22 8.74 8.52 29.32 1.00 1.00 1.00 29.32 26.84
epic 6.55 5.47 6.24 6.35 3.19 2.49 11.50 1.00 1.00 1.00 11.50 11.17
unepic 20.43 18.99 19.17 20.72 4.08 4.07 4.00 1.00 1.00 1.00 4.00 4.00
g721encode 26.45 22.87 25.12 27.29 14.58 12.25 15.00 1.00 1.00 1.00 15.00 12.00
g721decode 23.16 20.03 22.03 24.03 12.85 10.67 15.00 1.00 1.00 1.00 15.00 12.00
ghostscript 14.44 12.54 13.98 15.47 6.43 6.22 22.55 7.88 7.88 7.88 21.58 19.63
gsmdecode 35.67 33.07 34.33 34.53 17.93 16.07 14.75 7.93 9.68 11.44 13.87 12.94
gsmencode 33.09 33.53 35.26 38.00 19.35 17.55 39.40 7.93 8.47 9.02 38.42 30.91
mesamipmap 41.56 37.63 39.63 41.62 19.11 18.15 12.33 1.00 1.00 1.00 12.33 10.67
mpeg2dec 34.48 32.11 33.85 36.83 20.10 18.32 14.19 1.00 1.00 1.00 14.19 13.04
mpeg2enc 48.94 37.71 35.19 35.50 13.70 12.28 11.00 2.98 3.98 4.97 10.00 9.01
pegwitdec 20.97 20.23 21.21 22.29 6.54 6.54 10.84 1.97 1.97 1.97 10.84 9.84
pegwitenc 21.09 19.90 20.90 22.25 8.47 7.83 11.56 1.00 1.00 1.00 11.56 10.58
rasta 18.06 17.10 18.14 19.33 6.52 6.20 4.00 1.96 1.96 1.96 4.00 4.00
rawcaudio 20.86 20.00 20.99 21.99 9.99 8.99 20.00 20.00 25.00 30.00 12.00 11.00
rawdaudio 11.91 10.99 11.99 12.99 5.99 5.98 10.00 6.00 8.00 10.00 10.00 9.00
Average 26.32 24.27 25.56 27.15 12.24 11.25 14.73 3.86 4.47 5.07 14.04 12.39

(a) Scheduling Headroom for P(4)

(b) Scheduling Headroom for P(6)
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A1: i = i + 4 if p0
M1: lv = load(i, A) if p0
C1: p1,p2 = cmpp(lv < 20) if p0
A2: a = 0 if p1
C2: p3 = cmpp(lv > 10) if p1
A3: a = lv + 2 if p3
C3: p4 = cmpp(i == 14) if p1
A4: a = lv – 4 if p4
A5: a = lv | 0x7 if p2
C4: p5 = cmpp(a==0) if p0
A6: t = a + lv if p5
M2: store(i, A, t) if p5
B: if(i < 400) goto A1 if p0

Predicates Freq. Operation Freq. HBPr
p1: 0.2 A1: 1.0 10
p2: 0.8 M1: 1.0 9
p3: 0.09 C1: 1.0 7
p4: 0.01 C2: 1.0 6
p5: 0.11 C3: 1.0 6

A2: 0.2 5
A5 : 0.8 5
A3: 0.09 5
A4: 0.01 5
C4: 1.0 4
A6 0.11 1
M2: 0.11 0
B: 1.0 0

(b) Assembly code (d) Activation and execution frequencies

A1

A4

C3

M1

C1

C2

C4

A6 M2 B

A3

A5 A2

1

2

1/3
1 1 

1/3

1/31/3

11

1

1/3

0

1

1

(c) Data Dependence Graph

0

0

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

{
lv = A[i];
if ( lv < 20) {
a=0;

if ( lv > 10) {
a = lv+2;

}
if ( lv == 14) {

a = lv-4;
}

}
else {
a = lv | 0x7;

}
if ( a == 0) {
t = a+lv;
A[i] = t;

}
}

(a) Original C source code

6 7 98:�;
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n:C24

n-1:M2n:C13

n-1:A62

n:M1n-1:C41

n:A47

n:A36

n:C35

n:A28

n:Bn:A59

n:A10

BMATime

n:C24

n-1:M2n:C13

n-1:A62

n:M1n-1:C41

n:A47

n:A36

n:C35

n:A28

n:Bn:A59

n:A10

BMATime

n:A5

n-2:A65

n:C13

n-1:A42

n:M1n-1:A31

n:C37

n-2:M2
n:C26

n-1:C44

n:Bn:A28

n:A10

BMATime

n:A5

n-2:A65

n:C13

n-1:A42

n:M1n-1:A31

n:C37

n-2:M2
n:C26

n-1:C44

n:Bn:A28

n:A10

BMATime

n-3:A6

n-1:A5

n-3:C4n-2:A4

n:Bn-1:A25

expected delay due to confl icts0.42

n-1:C33

n:M1n-1:C22

n:A11

n-3:M2n:C14

n-2:A30

BMATime

n-3:A6

n-1:A5

n-3:C4n-2:A4

n:Bn-1:A25

expected delay due to confl icts0.42

n-1:C33

n:M1n-1:C22

n:A11

n-3:M2n:C14

n-2:A30

BMATime

(a) Baseline II=10 (b) Determinisitc PAMS II=9 (c) Probabalistic PAMS IIexpected=6.42
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PPAS-DDGLatency-Extend (ddg,  regiontype, shortlatency, extendedlatency)
1 /* phase 1:  mark ‘mustres’ bit of each operation */
2 for each predicated operation node, op1, in ddg do
3 op1.mustres = 0
4 if op1is unconditional cmpp then
5 op1.mustres = 1
6 end if
7 if regiontypeis acyclic then
8 independenceSet = all operations in ddgindependent from op1
9 if independenceSet is empty then
10 op1.mustres = 1
11 else
12 if there exists other operation, op2, in independenceSet s.t. delay due to conflict 
13 that results from combining op1and op2is less than 1.0
14 op1.mustres = 0
15 end if
16 end if
17 end if
18 /* phase 2: adjust cmpp latencies */
19 for each cmppoperation outgoing edge, cmpp_outedgedo
20 op1 = cmpp_outedge.destination;
21 if op1.mustres == 1 then
22 setlatency(cmpp_outedge, shortlatency)
23 else
24 setlatency(cmpp_outedge, extendedlatency)
25 end if
26 end for
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Eliminate-Redundant-Conditions(ev)
1 for each element, ev1, of ev do
2 for each element, ev2, which is not ev1, of ev do
3 if ev1 and ev2 predicates imply each other then
4 if ev1 and  ev2 have the same boolean values then
5 eliminate ev1
6 else
7 return False /*  illegal vector * /
8 end if
9 end if
10 if ev2 predicate implies ev1 predicate then
11 if ev1 has boolean value F and ev2 has boolean value F then
12 eliminate  ev1
13 end if
14 if ev1 has boolean value F and ev2 has boolean value T then
15 return False /*  illegal vector * /
16 end if
17 end if
18 if ev1 and ev2 predicates are disjoint then
19 if ev1 has boolean value T and ev2 has boolean value F then
20 eliminate ev2
21 end if
22 if ev1 has boolean value F and ev2 has boolean value T then
23 eliminate ev1
24 end if
25 if ev1 has boolean value T and ev2 has boolean value T then
26 return False /*  illegal vector * /
27 end if
28 end if
29 end for
30 end for
31 if ev contains complete disjoint set of predicates p1, p2, …, pn
32 in ev, s.t. corresponding ev1, ev2, …, evn have boolean value F then
33 return False
34 end if
35 return Tr ue and ev

p1, p2 = cmpp(cond1)
A1 if  p1
p3,p4 = cmpp(cond2) if p2
A2 if  p3
A4 if  p4

if (cond1)

p1:A1 p2:if (cond2)

p3:A2 p4:A3

(a) Algorithm pseudo-code (b) Example of a complete set of disjoint 
predicates
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p0 (1.0)

p1 (0.2) p2 (0.8) p5 (0.11)

p3 (0.09) p4 (0.01)
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PPALS-MainScheduler(oplist, ddg)
1 For every op in oplist, use ddgto initialize MinTime and compute priorities
2 ready_oplist = all operations in oplist with no incoming edges
3 CurrSchedLen = 0;
4 while ready_oplist is not empty do
5 hpr_ready_oplist = highest priority operations in reay_oplist
6 if ‘extend-all’ PPALS then
7 curr_op= hpr_ready_oplist.pop()   
8 else if ‘best-fit’ PPALS then
9 curr_op= LeastCombiningPotential(hpr_ready_oplist ) 
10 end if
11 compute MinTime for curr_op
12 minCurrSLIncrease = 1  /* minimum current schedule length increase */
13 for t = MinTime; t <= MaxTime; t++ do
14 for  each resource alternative, resource_alt, on which curr_opcan be scheduled do
15 if resource_alt is available at time t then
16 if t <= schedule time of the latest scheduled operation so far then
17 CurrSLIncrease = compute delay due to conflict incurred from scheduling 
18 curr_opin time t on resource_alt
19 else /* increases delay due to conflict component of current expected  SL */
20 CurrSLIncrease = 1 /* increases static component of current expected SL*/
21 end if
22 if CurrSLIncrease <= minCurrSLIncrease then
23 minCurrSchedIncrease = CurrSLIncrease
24 tmin = t
25 minresource_alt = resource_alt
26 end if
27 end if
28 end for
29 end for
30 Schedule curr_opin time tmin on minresource_alt
31 Update ready_oplist with the ready successors of curr_op;
32 end while

687 98:�;
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C1: p1,p2 = cmpp(t1 < 10) if p0
A1: t3 = t1 + t2 if p1
A2: t3 = t1 – t2 if p2
A3: t4 = t2 | 2 if p2
M1: store(t4, A, t3) if p0
C2: p3 = cmpp(t5 > 20) if p0
A4: t6 = t5 &  0x7 if p3
A5: t7 = t6 + 1 if p3
M2: store(t8, B, t7) if p0
B: if(t3 < 1) goto … 

(a) Assembly code

M1

B
0

(b) Data Dependence Graph

C1

A2A1 A3

1/3
1/3

1/3

M2

C2

A4

1/3

A5

0

Predicates Freq. Operation Freq. HBP
p1: 0.9 C2: 1.0 5
p2: 0.1 C1: 1.0 4
p3: 0.25 A4: 0.25 2

A1: 0.9 1
A2: 0.1 1
A3: 0.1 1
A5: 0.25 1
M1: 1.0 0
M2: 1.0 0
B: 1.0 0

(c) Execution and activation frequencies

1
1

1 1

1
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(a) Scheduling record of A4, A1, A2, A3 and A5 (CSLI – current schedule length increase)
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LeastCombiningPotential(hpr_ready_oplist)
1 for each operation, op, in hpr_ready_oplist do
2 if (op is cmpp operation) then
3 return op
4 end if
5 end for
6 mincombiningpotential = +inf
7 for each operation, op1, in hpr_ready_oplist do
8 combiningpotential = 0
9 for each operation, op2, which is not op1, in hpr_ready_oplist do
10 if(op1 is NOT disjoint from op2) then
11 combiningpotential -= CflDelay from combining op1 and op2
12 else
13 combiningpotential +=1
14 end if
15 end for
16 if combiningpotential < mincombiningpotential then
17 mincombiningpotential = combiningpotential
18 op_mincombiningpotential = op1
19 end if
20 end for
21 return op_mincombiningpotential
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ppams-Main()
1 II low = max(ResMIIppams, RecMIIppams)
2 IIhigh = max(ResMIIbams, RecMIIbams)
3 while IIhigh – II low > smalldelta do
4 IImiddle = (IIhigh + IIlow) / 2
5 if ppams-FindSchedule(IImiddle) == true do
6 IIhigh = IImiddle

7 else
8 II low = IImiddle

9 end if
10 end while
11 return IIhigh

)
7

+

PPAMS-FindSchedule(IIexpected)
1 for IIstatic = ceiling(max(WidthResMII, RecMIIppams));
2 IIstatic < floor(IIexpected) + 1; IIstatic++) do
3 IICflDelay= IIexpected - IIstatic

4 if PPAMS-IterativeScheduler(IIstatic, IICflDelay)==True then
5 return True
6 end if
7 end for
8 return False

)
3

+
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21

A5?p2
A4?p4

Schedule Res ervation Table

14
0.0213
0.0212
0.0211
0.0210
0.029

0.0018A3?p38
A2?p17

19
18
17

CflDel ay

20

C13
2

M11

6
C35
C24

15
16

A10
M

23
22

ATime

n-1:A4
n-1:A5

Modul o Reservation Table

0n:A10

expected delay due to conflicts0.0018
0n:C35
0n:C24
0n:C13

0.0018n-1:A32
0n:M1n-1:A21

CflDel ayMATime

(a) Scheduling A4 (b) Scheduling C4

21

A4?p4
A5?p2

Schedule Res ervation Table

0.1991C414
2.013
2.012
2.011
2.010
2.09

A3?p38
A2?p17

19
18
17

CflDel ay

20

C13
2

M11

6
C35
C24

15
16

A10

M

23
22

ATime

n-1:A5
n-2:C4n-1:A4

Modul o Reservation Table

n:A1 00

expected delay due to conflicts0.1991
0n:C35
0n:C24
0n:C13

0.1991n-1:A32
0n:M1n-1:A21

CflDel ayMATime

(c) Scheduling A6

0.2221

A4?p4
A5?p2

Schedule Res ervation Table

C414
13
12
11
10
9

A3?p38
A2?p17

0.2219
0.22M218
0.22A617

0.22
0.22

invalid

CflDel ay

20

C13
2

M11

6
C35
C24

15
16

A10
M

23
22

ATime

n-2:A6

n-1:A5
n-2:C4n-1:A4

Modul o Reservation Table

n:A1 0n-3:M20

expected delay due to conflicts0.4191
0.22n:C35

0n:C24
0n:C13

0.1991n-1:A32
0n:M1n-1:A21

CflDel ayMATime
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Benchmark SLbals CPL1 CPL2 CPL3 ResMSLbals ResMSLppals IIbams RecMII1 RecMII2 RecMII3 ResMIIbams ResMIIppams

cjpeg 46.11 37.20 41.51 46.00 40.80 30.55 6.49 1.31 1.62 1.93 6.49 4.69
djpeg 14.03 10.41 12.13 13.33 11.72 10.49 58.64 1.00 1.00 1.00 58.64 42.69
epic 13.55 11.57 12.54 13.58 5.67 5.51 21.41 2.16 2.54 2.93 21.02 16.38
unepic 20.11 18.43 20.52 22.70 7.75 6.06 13.27 1.00 1.00 1.00 13.27 10.52
g721encode 29.96 20.46 22.68 24.96 25.43 18.00 30.00 1.00 1.00 1.00 30.00 20.24
g721decode 29.53 19.89 22.30 24.37 25.13 17.87 30.00 1.00 1.00 1.00 30.00 20.26
ghostscript 15.14 10.81 12.30 13.86 11.10 8.67 44.10 7.88 7.88 7.88 43.13 31.35
gsmdecode 23.52 19.98 20.76 21.20 21.68 15.24 27.92 7.93 9.68 11.44 27.73 21.46
gsmencode 30.73 23.54 25.67 28.38 28.41 18.66 74.85 7.87 8.40 8.93 74.39 45.61
mesamipmap 50.49 36.56 39.42 43.20 36.91 33.03 22.00 1.00 1.00 1.00 22.00 15.92
mpeg2dec 16.44 11.95 13.48 14.95 14.42 11.54 28.35 1.00 1.00 1.00 28.35 18.70
mpeg2enc 32.38 27.52 28.14 27.31 20.26 15.20 20.27 2.97 3.95 4.93 20.27 12.36
pegwitdec 18.72 17.12 18.83 20.53 11.92 11.12 20.67 1.97 1.97 1.97 20.67 12.46
pegwitenc 16.57 13.87 15.61 16.80 12.67 10.88 19.33 1.61 1.61 1.61 19.33 12.67
rasta 18.71 14.04 15.64 17.29 12.66 11.25 6.81 3.02 3.58 4.14 6.80 4.85
rawcaudio 17.46 13.54 12.55 13.06 12.03 9.52 26.00 20.00 25.00 30.00 24.00 17.13
rawdaudio 12.91 10.99 11.99 12.99 11.97 11.95 20.00 6.00 8.00 10.00 20.00 14.21
Average 23.90 18.70 20.36 22.03 18.27 14.44 27.65 4.04 4.72 5.40 27.42 18.91

Benchmark SLbals CPL1 CPL2 CPL3 ResMSLbals ResMSLppals IIbams RecMII1 RecMII2 RecMII3 ResMIIbams ResMIIppams

cjpeg 38.06 37.20 41.51 46.00 20.60 20.48 3.40 1.31 1.62 1.93 3.24 2.64
djpeg 11.47 10.41 12.13 13.33 6.25 6.10 29.32 1.00 1.00 1.00 29.32 25.18
epic 12.61 11.57 12.54 13.58 3.52 3.48 11.09 2.16 2.54 2.93 10.70 8.71
unepic 19.76 18.43 20.52 22.70 4.04 3.90 7.34 1.00 1.00 1.00 7.34 6.57
g721encode 23.60 20.46 22.68 24.96 13.00 11.07 15.00 1.00 1.00 1.00 15.00 11.14
g721decode 23.16 19.89 22.30 24.37 12.92 10.81 15.00 1.00 1.00 1.00 15.00 11.15
ghostscript 12.42 10.81 12.30 13.86 5.83 5.64 22.55 7.88 7.88 7.88 21.58 18.95
gsmdecode 22.04 19.98 20.76 21.20 11.29 9.24 14.75 7.93 9.68 11.44 13.87 10.76
gsmencode 25.10 23.54 25.67 28.38 14.40 11.60 38.66 7.87 8.40 8.93 37.65 29.32
mesamipmap 40.44 36.56 39.42 43.20 18.64 16.80 12.33 1.00 1.00 1.00 12.33 10.39
mpeg2dec 13.37 11.95 13.48 14.95 7.35 7.06 14.19 1.00 1.00 1.00 14.19 12.10
mpeg2enc 34.45 27.52 28.14 27.31 10.79 9.91 11.12 2.97 3.95 4.93 10.14 7.33
pegwitdec 18.07 17.12 18.83 20.53 6.13 6.11 10.84 1.97 1.97 1.97 10.84 7.73
pegwitenc 14.92 13.87 15.61 16.80 6.63 6.08 10.01 1.61 1.61 1.61 10.01 8.10
rasta 15.71 14.04 15.64 17.29 7.13 6.94 3.57 3.02 3.58 4.14 3.56 3.06
rawcaudio 12.98 13.54 12.55 13.06 6.52 6.52 20.00 20.00 25.00 30.00 12.00 8.83
rawdaudio 11.91 10.99 11.99 12.99 5.99 5.99 10.00 6.00 8.00 10.00 10.00 7.33
Average 20.59 18.70 20.36 22.03 9.47 8.69 14.66 4.04 4.72 5.40 13.93 11.14

(a) Scheduling Headroom for P(4)

(b) Scheduling Headroom for P(6)
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Benchmark SLbals SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err
cjpeg 46.11 44.01 39.09 39.20 39.21 0.03 45.71 42.46 42.60 42.60 0.00 46.11 46.10 46.10 46.10 0.00
djpeg 14.03 13.69 13.25 13.28 13.25 -0.23 13.88 13.47 13.51 13.49 -0.15 13.87 13.59 13.62 13.60 -0.15
epic 13.55 13.54 13.44 13.45 13.45 0.00 13.54 13.43 13.44 13.44 0.00 13.50 13.44 13.45 13.45 0.00
unepic 20.11 20.05 19.63 19.83 19.83 0.00 19.98 20.11 20.11 20.11 0.00 20.11 20.11 20.11 20.11 0.00
g721encode 29.96 26.60 25.89 25.89 26.03 0.54 27.68 26.89 26.89 27.01 0.44 28.75 28.25 28.25 28.25 0.00
g721decode 29.53 26.38 26.06 26.16 26.31 0.57 27.33 26.92 27.03 27.17 0.52 28.33 27.99 28.09 28.10 0.04
ghostscript 15.14 13.68 13.53 13.56 13.58 0.15 14.32 14.19 14.20 14.21 0.07 14.90 14.83 14.85 14.85 0.00
gsmdecode 23.52 22.61 22.17 22.17 22.18 0.05 23.03 22.79 22.79 22.79 0.00 23.52 22.97 22.97 22.97 0.00
gsmencode 30.73 29.28 25.52 25.52 25.52 0.00 29.48 28.10 28.45 28.45 0.00 30.36 30.05 30.05 30.05 0.00
mesamipmap 50.49 49.27 46.18 46.18 46.98 1.70 49.27 47.11 47.11 47.91 1.67 50.22 49.88 49.88 49.89 0.02
mpeg2dec 16.44 15.22 14.13 14.18 14.19 0.07 15.08 15.20 15.22 15.22 0.00 15.56 15.68 15.70 15.71 0.06
mpeg2enc 32.38 31.58 27.87 28.03 28.07 0.14 29.91 30.71 30.85 30.87 0.06 30.29 30.28 30.38 30.40 0.07
pegwitdec 18.72 18.68 18.35 18.35 18.35 0.00 18.64 18.46 18.46 18.46 0.00 18.67 18.50 18.50 18.50 0.00
pegwitenc 16.57 16.41 16.00 16.00 16.00 0.00 16.41 16.31 16.31 16.31 0.00 16.50 16.44 16.44 16.44 0.00
rasta 18.71 18.61 18.41 18.42 18.42 0.00 18.64 18.58 18.58 18.58 0.00 18.61 18.68 18.68 18.68 0.00
rawcaudio 17.46 15.47 15.47 15.47 15.47 0.00 14.97 14.97 14.97 14.97 0.00 15.47 15.47 15.47 15.47 0.00
rawdaudio 12.91 12.91 12.90 12.90 12.90 0.00 12.91 12.90 12.90 12.90 0.00 12.91 12.91 12.91 12.91 0.00
Average 23.90 22.82 21.64 21.68 21.75 0.20 22.99 22.51 22.55 22.62 0.17 23.39 23.24 23.26 23.26 0.02

Benchmark SLbals SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err
cjpeg 38.06 38.06 37.60 37.60 37.60 0.00 38.06 38.06 38.06 38.06 0.00 38.06 38.06 38.06 38.06 0.00
djpeg 11.47 11.41 11.29 11.31 11.29 -0.18 11.42 11.40 11.40 11.40 0.00 11.46 11.43 11.43 11.43 0.00
epic 12.61 12.61 12.59 12.59 12.59 0.00 12.55 12.55 12.55 12.55 0.00 12.55 12.57 12.57 12.57 0.00
unepic 19.76 19.76 19.76 19.76 19.76 0.00 19.76 19.76 19.76 19.76 0.00 19.76 19.76 19.76 19.76 0.00
g721encode 23.60 22.82 22.68 22.68 22.68 0.00 23.46 23.25 23.25 23.25 0.00 23.39 23.25 23.25 23.25 0.00
g721decode 23.16 22.09 21.96 22.02 22.04 0.09 22.96 23.03 23.09 23.09 0.00 22.96 22.89 22.96 22.95 -0.04
ghostscript 12.42 11.91 11.87 11.88 11.96 0.67 12.42 12.41 12.41 12.42 0.08 12.41 12.41 12.41 12.42 0.08
gsmdecode 22.04 22.04 21.17 21.17 21.17 0.00 21.62 21.62 21.62 21.62 0.00 21.62 22.04 22.04 22.04 0.00
gsmencode 25.10 25.08 24.82 24.82 24.82 0.00 24.98 24.95 24.95 24.95 0.00 24.98 25.09 25.09 25.09 0.00
mesamipmap 40.44 39.47 38.48 38.48 38.51 0.08 40.41 40.41 40.41 40.42 0.02 40.44 40.44 40.44 40.44 0.00
mpeg2dec 13.37 13.03 12.96 12.96 13.08 0.92 13.31 13.31 13.31 13.31 0.00 13.36 13.36 13.36 13.36 0.00
mpeg2enc 34.45 34.35 34.26 34.28 34.26 -0.06 34.45 34.45 34.45 34.45 0.00 34.45 34.45 34.45 34.45 0.00
pegwitdec 18.07 18.07 18.04 18.04 18.04 0.00 18.07 18.07 18.07 18.07 0.00 18.07 18.07 18.07 18.07 0.00
pegwitenc 14.92 14.84 14.83 14.83 14.83 0.00 14.92 14.91 14.91 14.91 0.00 14.92 14.91 14.91 14.91 0.00
rasta 15.71 15.68 15.60 15.68 15.66 -0.13 15.71 15.71 15.71 15.71 0.00 15.71 15.71 15.71 15.71 0.00
rawcaudio 12.98 12.98 12.98 12.98 12.98 0.00 12.98 12.98 12.98 12.98 0.00 12.98 12.98 12.98 12.98 0.00
rawdaudio 11.91 11.91 11.91 11.91 11.91 0.00 11.91 11.91 11.91 11.91 0.00 11.91 11.91 11.91 11.91 0.00
Average 20.59 20.36 20.16 20.18 20.19 0.12 20.53 20.52 20.52 20.52 0.01 20.53 20.55 20.55 20.55 0.01

cmpplat1

(a) 4-wide  machine

cmpplat2 cmpplat3

cmpplat2 cmpplat3cmpplat1

(b) 6-wide machine
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Benchmark SLbals SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err
cjpeg 46.11 44.01 39.09 39.20 39.21 0.03 44.01 39.09 39.20 39.21 0.03 43.64 39.97 40.06 40.08 0.05
djpeg 14.03 13.69 13.25 13.28 13.25 -0.23 13.69 13.25 13.28 13.25 -0.23 13.86 13.37 13.40 13.37 -0.22
epic 13.55 13.54 13.44 13.45 13.45 0.00 13.54 13.44 13.45 13.45 0.00 13.54 13.44 13.45 13.45 0.00
unepic 20.11 20.05 19.63 19.83 19.83 0.00 20.05 19.63 19.83 19.83 0.00 20.10 19.68 19.87 19.87 0.00
g721encode 29.96 26.60 25.89 25.89 26.03 0.54 26.60 25.89 25.89 26.03 0.54 27.03 26.25 26.25 26.47 0.83
g721decode 29.53 26.38 26.06 26.16 26.31 0.57 26.38 26.06 26.16 26.31 0.57 26.65 26.05 26.16 26.30 0.53
ghostscript 15.14 13.68 13.53 13.56 13.58 0.15 13.68 13.53 13.56 13.58 0.15 14.11 14.00 14.03 14.11 0.57
gsmdecode 23.52 22.61 22.17 22.17 22.18 0.05 22.61 22.17 22.17 22.18 0.05 22.64 22.31 22.31 22.32 0.04
gsmencode 30.73 29.28 25.52 25.52 25.52 0.00 29.28 25.52 25.52 25.52 0.00 29.66 26.28 26.55 26.55 0.00
mesamipmap 50.49 49.27 46.18 46.18 46.98 1.70 49.27 46.18 46.18 46.98 1.70 49.26 48.02 48.02 48.02 0.00
mpeg2dec 16.44 15.22 14.13 14.18 14.19 0.07 15.22 14.13 14.18 14.19 0.07 15.33 14.33 14.38 14.39 0.07
mpeg2enc 32.38 31.58 27.87 28.03 28.07 0.14 31.58 27.87 28.03 28.07 0.14 31.60 30.33 30.43 30.48 0.16
pegwitdec 18.72 18.68 18.35 18.35 18.35 0.00 18.68 18.35 18.35 18.35 0.00 18.68 18.39 18.39 18.39 0.00
pegwitenc 16.57 16.41 16.00 16.00 16.00 0.00 16.41 16.00 16.00 16.00 0.00 16.41 16.15 16.15 16.15 0.00
rasta 18.71 18.61 18.41 18.42 18.42 0.00 18.61 18.41 18.42 18.42 0.00 18.61 18.52 18.52 18.52 0.00
rawcaudio 17.46 15.47 15.47 15.47 15.47 0.00 15.47 15.47 15.47 15.47 0.00 15.97 15.97 15.97 15.97 0.00
rawdaudio 12.91 12.91 12.90 12.90 12.90 0.00 12.91 12.90 12.90 12.90 0.00 12.91 12.90 12.90 12.90 0.00
Average 23.90 22.82 21.64 21.68 21.75 0.20 22.82 21.64 21.68 21.75 0.20 22.94 22.12 22.17 22.20 0.15

(a) 4-wide  machine

Benchmark SLbals SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err SLdpals SLppals_s SLppals_c SLppals_d %err
cjpeg 38.06 38.06 37.60 37.60 37.60 0.00 38.06 37.60 37.60 37.60 0.00 38.06 37.60 37.60 37.60 0.00
djpeg 11.47 11.41 11.29 11.31 11.29 -0.18 11.41 11.32 11.34 11.32 -0.18 11.41 11.35 11.36 11.35 -0.09
epic 12.61 12.61 12.59 12.59 12.59 0.00 12.61 12.53 12.53 12.53 0.00 12.61 12.59 12.59 12.59 0.00
unepic 19.76 19.76 19.76 19.76 19.76 0.00 19.76 19.76 19.76 19.76 0.00 19.76 19.76 19.76 19.76 0.00
g721encode 23.60 22.82 22.68 22.68 22.68 0.00 22.75 22.68 22.68 22.68 0.00 23.10 22.68 22.68 22.82 0.61
g721decode 23.16 22.09 21.96 22.02 22.04 0.09 22.03 22.03 22.09 22.09 0.00 22.36 22.36 22.43 22.44 0.04
ghostscript 12.42 11.91 11.87 11.88 11.96 0.67 11.92 11.87 11.88 11.95 0.59 11.93 11.89 11.90 11.98 0.67
gsmdecode 22.04 22.04 21.17 21.17 21.17 0.00 22.04 21.20 21.20 21.20 0.00 22.04 22.04 22.04 22.04 0.00
gsmencode 25.10 25.08 24.82 24.82 24.82 0.00 25.08 24.82 24.82 24.82 0.00 25.08 25.06 25.06 25.06 0.00
mesamipmap 40.44 39.47 38.48 38.48 38.51 0.08 40.40 40.35 40.35 40.37 0.05 40.40 40.36 40.36 40.36 0.00
mpeg2dec 13.37 13.03 12.96 12.96 13.08 0.92 13.03 13.00 13.00 13.00 0.00 13.07 12.97 12.97 12.97 0.00
mpeg2enc 34.45 34.35 34.26 34.28 34.26 -0.06 34.35 34.35 34.35 34.37 0.06 34.40 34.35 34.37 34.39 0.06
pegwitdec 18.07 18.07 18.04 18.04 18.04 0.00 18.06 18.03 18.03 18.03 0.00 18.06 18.03 18.03 18.03 0.00
pegwitenc 14.92 14.84 14.83 14.83 14.83 0.00 14.84 14.84 14.84 14.84 0.00 14.92 14.91 14.91 14.91 0.00
rasta 15.71 15.68 15.60 15.68 15.66 -0.13 15.71 15.60 15.66 15.63 -0.19 15.71 15.60 15.65 15.60 -0.32
rawcaudio 12.98 12.98 12.98 12.98 12.98 0.00 12.98 12.98 12.98 12.98 0.00 12.98 12.98 12.98 12.98 0.00
rawdaudio 11.91 11.91 11.91 11.91 11.91 0.00 11.91 11.91 11.91 11.91 0.00 11.91 11.91 11.91 11.91 0.00
Average 20.59 20.36 20.16 20.18 20.19 0.12 20.41 20.29 20.30 20.30 0.06 20.46 20.38 20.39 20.40 0.11

(b) 6-wide  machine

cmppcombth1 cmppcombth2 cmppcombth3

cmppcombth1 cmppcombth2 cmppcombth3
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Benchmark BRec BRes BII Besc Brr DRec DRes DII Desc Drr PRec PRes PIIs PIIc PIId %error Pesc Prr
cjpeg 1.31 6.49 6.49 2.00 10.74 1.93 5.89 6.35 2.44 13.57 1.93 4.69 5.71 5.71 5.72 0.18 3.74 14.91
djpeg 1.00 58.64 58.64 1.00 28.38 1.00 53.17 53.66 1.01 29.89 1.00 42.69 46.71 48.66 49.07 0.84 2.50 49.25
epic 2.16 21.02 21.41 1.77 12.78 2.93 19.10 19.48 2.00 13.86 2.93 16.38 16.48 16.94 16.89 0.30 5.00 14.77
unepic 1.00 13.27 13.27 1.85 19.31 1.00 12.84 12.84 2.70 21.70 1.00 10.52 10.74 10.91 11.42 4.67 3.14 27.23
g721encode 1.00 30.00 30.00 1.00 12.00 1.00 21.00 23.50 3.00 21.50 1.00 20.24 21.50 21.53 21.51 0.09 4.00 22.50
g721decode 1.00 30.00 30.00 1.00 12.00 1.00 21.00 23.00 4.00 24.00 1.00 20.26 22.00 22.01 22.00 0.05 5.00 30.00
ghostscript 7.88 43.13 44.10 1.02 20.85 7.20 33.35 34.33 2.02 23.79 7.88 31.35 31.41 31.42 31.42 0.00 1.06 26.82
gsmdecode 7.93 27.73 27.92 1.10 13.86 10.40 24.95 25.73 1.96 18.13 11.44 21.46 22.49 23.08 23.06 0.09 5.10 35.56
gsmencode 7.87 74.39 74.85 1.00 16.56 7.25 46.76 54.87 1.92 17.68 8.93 45.61 53.36 53.40 53.40 0.00 4.31 21.13
mesamipmap 1.00 22.00 22.00 1.67 20.67 1.00 16.33 16.33 2.67 27.00 1.00 15.92 16.33 16.33 16.33 0.00 2.00 22.00
mpeg2dec 1.00 28.35 28.35 1.51 17.11 1.00 25.85 25.85 1.85 15.96 1.00 18.70 20.96 23.21 23.78 2.46 2.96 31.10
mpeg2enc 2.97 20.27 20.27 1.00 8.21 4.93 17.31 17.31 1.98 10.19 4.93 12.36 14.32 14.58 14.56 0.14 9.86 44.81
pegwitdec 1.97 20.67 20.67 0.05 13.97 1.45 18.70 18.70 1.05 14.03 1.97 12.46 12.86 15.58 15.95 2.37 4.95 29.59
pegwitenc 1.61 19.33 19.33 0.96 13.36 1.57 18.26 18.26 1.61 16.18 1.61 12.67 13.39 13.79 14.57 5.66 4.94 26.81
rasta 3.02 6.80 6.81 1.25 7.42 4.14 6.53 6.68 1.84 7.86 4.14 4.85 5.99 6.02 5.99 0.50 3.39 12.79
rawcaudio 20.00 24.00 26.00 1.00 12.00 30.00 22.00 32.00 3.00 20.00 30.00 17.13 30.00 30.00 30.00 0.00 1.00 17.00
rawdaudio 6.00 20.00 20.00 1.00 13.00 10.00 18.00 18.00 3.00 18.00 10.00 14.21 17.00 17.00 17.00 0.00 2.00 15.00
Average 4.04 27.42 27.65 1.19 14.84 5.16 22.41 23.94 2.24 18.43 5.40 18.91 21.25 21.78 21.92 1.02 3.82 25.96

(a) 4-wide machine

Benchmark BRec BRes BII Besc Brr DRec DRes DII Desc Drr PRec PRes PIIs PIIc PIId %error Pesc Prr
cjpeg 1.31 3.24 3.40 3.49 14.77 1.93 3.05 3.82 4.58 18.74 1.93 2.64 3.82 3.82 3.82 0.00 4.58 18.74
djpeg 1.00 29.32 29.32 1.01 33.87 1.00 26.84 27.34 1.51 46.79 1.00 25.18 25.85 26.76 27.11 1.31 2.01 44.31
epic 2.16 10.70 11.09 2.77 15.40 2.93 10.55 10.55 4.00 16.78 2.93 8.71 9.39 9.60 9.39 2.19 6.31 16.01
unepic 1.00 7.34 7.34 2.29 23.07 1.00 7.34 7.34 2.72 23.84 1.00 6.57 6.93 6.95 6.93 0.29 3.14 25.08
g721encode 1.00 15.00 15.00 2.00 16.50 1.00 12.00 13.00 3.50 23.50 1.00 11.14 12.50 12.50 12.50 0.00 4.50 25.50
g721decode 1.00 15.00 15.00 2.00 16.50 1.00 12.00 13.00 4.50 26.00 1.00 11.15 12.50 12.56 12.51 0.40 5.00 28.50
ghostscript 7.88 21.58 22.55 1.04 21.84 7.20 19.63 19.65 1.06 20.95 7.88 18.95 19.64 19.64 19.64 0.00 1.07 22.01
gsmdecode 7.93 13.87 14.75 2.76 20.96 10.40 12.94 14.30 4.52 26.93 11.44 10.76 12.64 12.86 12.83 0.23 7.80 46.89
gsmencode 7.87 37.65 38.66 2.01 18.22 7.25 30.36 32.92 3.14 37.16 8.93 29.32 32.88 32.89 32.89 0.00 3.82 30.90
mesamipmap 1.00 12.33 12.33 2.33 23.33 1.00 10.67 10.67 4.33 34.00 1.00 10.39 10.67 10.67 10.67 0.00 3.67 28.67
mpeg2dec 1.00 14.19 14.19 2.88 22.75 1.00 13.04 13.04 3.75 29.86 1.00 12.10 12.82 12.89 12.92 0.23 4.38 36.14
mpeg2enc 2.97 10.14 11.12 2.00 13.32 4.93 9.15 9.15 6.91 17.28 4.93 7.33 8.16 8.17 8.16 0.12 8.92 27.33
pegwitdec 1.97 10.84 10.84 1.05 15.03 1.45 9.84 9.84 1.22 19.30 1.97 7.73 7.89 8.09 8.11 0.25 6.03 29.86
pegwitenc 1.61 10.01 10.01 2.59 23.94 1.57 9.62 9.62 3.30 22.20 1.61 8.10 8.41 8.48 8.61 1.53 5.08 28.79
rasta 3.02 3.56 3.57 3.26 11.63 4.14 3.56 4.69 2.88 10.99 4.14 3.06 4.69 4.69 4.69 0.00 2.88 10.71
rawcaudio 20.00 12.00 20.00 1.00 13.00 30.00 11.00 30.00 1.00 12.00 30.00 8.83 30.00 30.00 30.00 0.00 1.00 12.00
rawdaudio 6.00 10.00 10.00 2.00 16.00 10.00 9.00 11.00 3.00 17.00 10.00 7.33 10.00 10.00 10.00 0.00 3.00 15.00
Average 4.04 13.93 14.66 2.15 18.83 5.16 12.39 14.11 3.29 23.73 5.40 11.14 13.46 13.56 13.57 0.39 4.30 26.26

(b) 6-wide machine

`badcLe f �ih �yl 	irQ‡yo�ŽyŒy•ko]•�o�{8=�xs‡ ~�r:‡yvko ��o�Ž � � ��� 	 	 �bm����
	 	 ~�{‚Ž � ���
	 	 } z�t�r�• wyw‚•�~�x

�

•

~�{yŽ �‘m � �

�

�

VYnOS

Œ

–�Xe\OL / –~•˜NkLOS„`rXew‰nONQ\OSlPU“ˆK—P$ƒ�Xe_OgQS 0H“

Œ

_šSlgk[ • PRnO[ •˜PU•Oy<y3K;‡’•aLO[xSlP Xew‰nHNkSU†eS9PW` XZgkgkSUT

� � •*_H^HVondXeP X gQ[]\Ot]SUT—SUcONkgQ[]t]^OSuVYndXe\

v

yšK ‡’•›NQ\ Xegkg VYnHSlPRSžwlXePRSUP;•˜nONkw‰n • LO^OS+VY[rVYnOSžgQ[ •

VYTRNQc@wl[]^O\mVI[eh�VYnOSogk[x[]cOPU•HTWSlPR^HgQVYP˜NQ\�y<yšK ‡’•@t]SUVWVYNk\Htžgk[ •‘SUT˜c3SUTWhi[]TW` Xe\HwlS;VYnOXe\

v

yšK ‡’•š“

� � ����� ��� � � ! �
�

��� � � � � ��� � �

(

��� � � 


�

.�.$	�� �

ƒ�Xe_OgQS�0H“

Œ

|

X]‚ PRnH[ •˜Ps†ZXeTWNk[]^HP‘PRw‰nHSlLO^OgQNk\Otž`aS”XZPR^OTWSl`aSl\mVYP‘hi[eTsy � � ���

|

Œ

‚••Hy �

�

���

|

Œ

• 0]‚EXe\OL

y

�@�

���

|

Œ

•20€• � ‚9`rXew‰nONk\HSlPl“™ƒ„nOSlPWSr`aS”XZPR^OTWSl`aSl\mVYP •ESlTRS�wU[]gkgQSlwUVRSlL�[ †]SUTuXegkg�cOcdX – Nk`acOTR[ †ZXe_OgQS

TRSlteNk[]\OPU“

}

[]gQ^O`a\OP

Š

•31IXe\OL �

Š

PWnO[ •$VYnHS � ��� � ���;hi[]T VYnOS<VYnOTWSlSEPRw‰nOSULO^OgkSUTRPU“ˆK—PCS1*€cšSlwUVRSlL*•

hi[]T„PR[]`aS XecHcOgkNQw”XZVRNk[]\OP

|

SUcONkwZ•Ot]PR`aLOSUwl[xLOSe•OtePR`aSl\OwU[€LOSZ•d`rcšSlt

Š

Sl\OwZ•OTYXZPWV‰X€•OTYX”•Ew”Xe^OLHNk[�Xe\OL

TYX”•˜LdXe^OLHNk[q‚ � ��� � � ��NQ\OwlTWS”XePWSlPIhi[]T˜_3[eVRn

v

yšK ‡’•bXe\OL›y yšK ‡’•š“3K9gkPR[a\O[eVRSuVRndXZV � ��� �

NkP;PWgkNktenqVRgQ{@PW` XegQgkSUTIhi[]T

v

y3K ‡›•�VYndXe\’hi[eT;y<y3K;‡’•3“ ƒ„nONQP;Nk\OwUTRSlXePRS+NQP;LO^OS™VY[ VYnHS+gfXZVRSl\Ow•{

�%7 �



S1*xVYSU\OPRNQ[]\ P>VYSUc •˜nHNkw‰n S1*xVYSU\OLOPugfXZVRSl\Ow•{›[e\ X gkXeTRteSlT—\q^O` _3SUT [eh SlLOt]SUP hi[]T y<y3K;‡’•›VYndXe\

hi[]T

v

yšK ‡’•�PRNQ\OwlS—y yšK ‡’•andXeP `r[]TWS9[ec3SUTYXZVRNk[]\OP�VRndXZV w”Xe\ _3SU\OSUjOVEhiTR[]`
wl[]`+_HNk\ONQ\Ot VYndXe\

v

y3K ‡›•3“zƒ„nOSUTRS•hi[]TRSZ•ˆ•˜nOSl\OS•†]SUTaPW[]`aSr[eh„VRnOS SULOt]SUP •˜nO[]PWS�gfXZVRSl\OwUNkSlPo•ESlTRS�S2*xVYSl\HLOSlL _m{

y yšK ‡’•b_O^HV9\O[eV9_q{

v

yšK ‡’•bXeTRSu[]\@VYnOSuwlTWNQVRNkw”XZg*cdXZVRn*•šy yšK ‡’•bndXeP9XrnONQt]nOSlT � ��� � ���

VYndXe\

v

y3K;‡’•3“

}

[]gQ^O`a\OP�0H• ; Xe\HL ��0 PWnO[ •.VRnOS †ZXegk^HS™[eh � � ��� ���bhi[]TIVRnOS VRnOTRSUS+PRw‰nOSULO^OgQSlTRPU• TRSlPWc3SUw•–

VYNQ†eSlgŽ{]“;K9P;S1*€cOgkXeNk\OSUL’Nk\’•€Slw•VYNQ[]\

Š

“

Œ

“87x•šVRnOS+_dXePWSlgQNk\OS™PRw‰nOSULO^OgkSUT Nk\OwUTRSU`rSU\qVRP9VRnOS+TRSUPR[]^HTRwlS

^OPYXeteSa_m{�[e\OSžTRSUtmXeTRLHgkSlPWP [eh VYnOSž[]cšSlTRXZVYNQ[]\ 4 P t]^dXeTWLONk\Ht�cOTRSULONkwlXZVYS�Xe\HL NŽVYP;S2*€Slwl^€VYNk[e\ hiTWS•–

px^HSl\Ow•{]“

v

yšK ‡’• NQ\OwlTWSl`aSl\mVYPoVYnHS TRSUPR[]^HTRwlS ^OPYXeteS wl[e^O\mV+_m{ [e\OS cšSlTut]TR[e^Oc$[eh„LHNkP �W[eNk\mV

[]c3SUTYXZVRNk[]\HPl“ ‡›Xe\m{&cHcdX –JNQ`rcHTR[ †ZXe_OgkSrgk[x[]cOP+nOX †eS›X�gkXeTRt]S \x^H`+_3SUT�[eh �

,��

3 476 #

�

6:9<;=6@P>V‰XZVRS•–

`rSU\qVRP �

v

y3K;‡’• TRSULO^OwUSlP VRnOSlNQT � � ��� ��� []\&X”†]SUTYXet]S _q{

Š]Š �

TWSlgkXZVYNŽ†]S�VY[›VRnOS _dXZPRSlgQNk\OSZ“

y yšK ‡’•�hi^OTWVRnOSlT�LHSlwlTWS”XePWSlPbVYnOSUNkT � � ��� ��� _m{ Xe\�X”†]SUTYXeteS [Zh ��;€“87

�

•˜NQVRn�TRSlPWc3SUwUVbVY[

v

y3K ‡›• _q{™Nk\HwlTRSU`rSU\mVYNk\Ht9VYnHSsTRSUPR[]^OTWwlSs^HPYXet]S‘wl[]^O\mV�[e\OgQ{u_m{™VRnOS‘[ec3SUTYXZVRNk[]\ 4 P

|

hiTYXew•VYNQ[]\dXegf‚

S1*€SlwU^HVYNQ[]\›hiTRSUpq^OSl\Ow•{]“ �9[ZVYSoVYndXZVIhi[]T˜PR[e`rSu[ehzVRnOSu_3SU\Ow‰nO`rXeTRœqPl•3PR^Ow‰n’XeP9tePR`aSl\OwU[€LOS™Xe\OL

`rSUPYXe`aNkcO`rXec*• _3[eVRn

v

y3K;‡’• XZ\OL y yšK ‡’• TRSUPR^OgŽVoNk\�PRNQ`rNQgfXeT � � ��� ��� “žƒ„nONkP NQP LO^OSžVY[

VYnOSah XewUVuVYndX V™VRnOSlPWS XecOcHgkNkwlXZVYNQ[]\OP wU[]\mV‰XeNQ\ Xb\x^H`+_3SUT [eh‘LO[]`aNk\dX VYNk\Ht�gk[x[]cOP VYndX V wU[]\OPRNQPWV

cOTRNQ` XeTWNkgŽ{ [ehuX$gfXeTWt]S›\q^O` _3SUT�[eho•‘SUgkg—_OXegfXe\HwlSlL �

,��

3 476 #

�

6:9<;=6’P>V‰XZVRSl`aSl\mVYP VRndXZV�cHTR[ †xNkLOS

Xe`rcHgkS LONQP �W[]NQ\qVs[]c3SUTYXZVRNk[]\HPshi[]T„wl[]` _ONk\ONQ\OtO“

}

[]gQ^O`a\OP

Œ

• 	€•OXe\OL �

Œ

PWnO[ • VRnOSoXew‰nONQSU†]SUL.���ahi[]T‘VYnHS;VYnOTWSlS PRw‰nHSlLO^OgQSlTWPl“,� [eT„y<y3K ‡›•

wl[]gQ^O`r\ �

Œ

PWnO[ •˜PIVRnOS PWVYXZVYNQw � �a•˜nONkw‰nbLO[xSlP˜\O[eVIXZwlwl[e^O\mV9hi[]TsVRnOS LOSUgfX”{�LO^OS VR[awU[]\
�

NQwUVRPl“

y yšK ‡’•+TWSlLO^OwUSlPˆVRnOS ���o_q{ �

Š

“ /

�

•˜NQVRn+TRSUPRcšSlw•VˆVY[

v

yšK ‡’•š•ePRNQ\OwlS‘NQVzXegkgQ[ •˜PC`a[]TRS
�

S1*€Nk_HgkS

[]c3SUTYXZVRNk[]\ wU[]`+_ONQ\ONk\Ot’VRndXe\

v

y3K;‡’•3“�K—PžVRnOS@S1*HXe`acOgkS�NQ\ •€Slw•VYNQ[]\ 0€“

Š

LOSU`r[]\HPWVYTRXZVYSUL*•

y yšK ‡’• w”Xe\ wU[]`+_ONQ\OS’_š[eVYn LONQP �W[]NQ\qV Xe\OL \O[]\x–JLONQP �W[]NQ\qV []cšSlTYX VYNk[e\OP hiTR[e` VYnHS�PYXe`aS�[]T

LON033SlTWSl\mVIgk[x[]c NQVRSlTRXZVYNQ[]\OPl•x•˜nOSlTWS”XeP

v

yšK ‡’•�w”Xe\@[]\HgQ{rwl[]`+_HNk\OS LONQP �W[]NQ\mV„[]cšSlTYX VYNk[e\OP‘hiTR[e`

VYnOSuPYXe`aS gk[x[]c�NŽVYSlTRXZVYNQ[]\*“

�%7

Š



ƒ„nONQP � S2*€Nk_ONQgkNQVJ{$Nk\ wU[]`+_ONQ\ONk\Ht LO[xSlPrTRSlPW^OgQV Nk\ Xe\�XeLOLHNQVYNQ[]\dXeg„LHSlgfX”{ LO^OS�VY[$wU[]\ � NQwUV

|

������� ��������� �”‚•“

}

[egk^O`a\ �%7oPRnO[ •˜PsVYnHS;wl[]`acONQgkSlT<SUPWVYNQ` X VYS—[Zh VYnOS;S2*€c3SUwUVYSUL@Nk\ONŽVYNfX VYNk[e\žNk\mVYSUT>–

†eXZg

|

�����4(

�

� � ���
� ‚9•˜nONQw‰n LH[€SUP™XZwlwl[e^O\mV™hi[]T �����������������	�Z“ �sXZPRSlL []\ VYnOSžhi[]TW`+^OgkX � �-��(

�

��� ����� 


� �������	��
��




�����������������	�Z•šX�t]NQ†eSl\ ������(

�

� � �����—wlXe\�_šS™Xew‰nONkS•†]SUL’_m{bXegkgQ[ •˜NQ\Otž`a[]TRSoPRnOXeTRNQ\Ota•˜NŽVYn

VYNktenqVRSlTo[]cšSlTRXZVYNQ[]\ PWw‰nOSlLH^OgkNQ\OtO• •˜nONkw‰n LOSlwUTRS”XZPRSlP � �������	��
��;_O^€V NQ\OwlTWS”XePWSlP � ����� � ��� ���	� •�[]Tu_m{

XegkgQ[ •˜NQ\Ot—gQSlPWP�PRndXeTWNk\Ot;•˜nHNkw‰n�Nk\OwUTRSlXePRSUP � �������	��
��z_H^HV�LOSUwlTRSlXePRSUP �����������������	�Z“+� [eTzS1*HXe`acOgQSe•m_m{

wl[]`acdXeTWNk\Ot;wU[]gk^H`r\OP �

Œ

Xe\OL ��7I•‘S„wlXe\�PRSUSsVYndXZVzhi[]TzcšSlte•˜NŽVYLOSUwe•qy<y3K;‡’•+w‰nO[x[]PRSUP<VRnOS‘jdTWPWV

XecOcOTW[mXew‰n�Xe\HL Xew‰nONQSU†eSlP ����� ��� ��
 ��[eh �

Š

“ ;3/ •˜NQVRn X™gkXeTRteS!�����������������	�˜[eh

|

��7€“87 ; – �

Š

“ ;3/m‚�


Š

“81

Š

“

� [eT—^O\OSUcONkwZ• y<y3K;‡’•’w‰nO[€[ePRSlP;VRnOS PWSlwU[]\OL XecOcOTW[mXew‰n Xe\HL Xew‰nONkS•†]SUP � �������	��
��˜[eh �

‹

“21

Œ

•˜NŽVYn

XaPW` XegQg ������� ��������� �;[eh

|

�

‹

“ 	 �U– �

‹

“21

Œ

‚ 


‹

“ �%1€“

}

[]gQ^O`a\OP ��/ Xe\OL �%1 PWnO[ •0VRnOS&Xew‰nHNkSU†eSlL-TR^H\qVRNk`aS NQ\ONQVRNfXZVRNk[]\ Nk\mVRSlTW†ZXeg

|

��� � �'���@&�
 �>‚••

Xe\OL-VYnOS TRSUgfXZVRNQ†]S&SUTRTW[]T _3S•VJ•‘SUSl\ ��� � �'���@&�
 �’Xe\OL �����4(

�

� � ���
� wl[]`acO^HVRSlL.XeP

|

��� � �'���@&�
�� �

� �-��(

�

��� ����� ‚ 
 �����	�'���@&�
�� “"�9[eVRS�VRndXZV hi[]TaVYnOS�gfXeP>V

|

4 KI†]SlTRXet]S 4 ‚ TW[ •o•„•ES’PRnH[ •�VYnHS’X”†]SUTYXet]S

[eh�VYnOS+Xe_OPR[egk^HVRS™†ZXegk^HSlP—[Zh�VYnOS+TWSlgkXZVYNŽ†]SuSlTRTW[]TRP9VY[�X”†][eNkL’`+^€VY^dXegCw”XZ\OwlSUgkgfX VYNk[e\�[eh�VRnOS+\OSUtZ–

XZVYNŽ†]S+XZ\OL›cš[]PRNŽVYNŽ†]SuSlTRTW[]TRPU“

	

S™PRSlS™VYndXZVIhi[]TI`r[ePWVI[ehˆVRnOS+XecHcOgkNQw”XZVRNk[]\OPsVRnOS SUTRTW[]T—NQPIpq^ONŽVYS

PR`rXegkg •sgkSUPRPrVRndXe\ 0

�

“��J\�^O\OSlcHNkw�Xe\HL c3SUte•˜NQVRSl\Ow›[]\ VYnHS

Œ

– •˜NQLOSb` Xew‰nHNk\OSZ•sVYnOS’SUTRTW[]TRP

XeTRS

Œ

“ /:1

�

Xe\OL 7x“2/3/

�

•˜TWSlPRcšSlw•VYNŽ†]SlgŽ{]“ ƒ„nONkP�gkXeTRteSlT SUTRTW[]T [xwlwl^HTRP�_šSlw”XZ^OPRS�PW[]`rS›[ehoVYnOS

cOTRSULONkwlXZVYSUP9VYnOXZV—`rXec@VY[aVYnOSuPYXe`aSuTRSlPW[]^OTWwlS™†xNQ[]gfXZVRS;VYnOS™Nk\OLHSlcšSl\OLOSU\OwlS XePRPW^O`acHVYNQ[]\�VRndXZV

VYnOS@wl[e`rcONQgkSUT `rXeLOS�LO^OTWNk\Ot�PWw‰nOSlLH^OgkNQ\OtO“$ƒ„nOSUPRSbcOTRSULONkwlXZVYSUPžVY^OTW\OP�[]^HVžVY[�_šS�cš[]PRNŽVYNQ†eSlgŽ{

wl[]TWTRSlgkXZVYSUL�hi[]T˜PWSl`rXe\mVYNkwuTRSlXePR[e\OP9•˜NŽVYnONQ\bVRnOS™wU[]\OLONŽVYNQ[]\dXeg VRSlP>VYP9•˜nHNkw‰n›VRnOS™wU[]`acONkgQSlT„LO[xSlP

\O[eV™XZVRVRSl`acHV VY[bXe\OXegQ{ /lS �CVRnOSlPWSrwU[]TRTWSlgkXZVYNQ[]\OP;TWSlPR^HgQVoNk\ `a[]TRSžTW^O\mVYNQ`rSžwU[]\
�

NQwUV VYnOXe\ •‘XeP

[]TRNQt]Nk\dXZgkgQ{�SUPWVRNk`rXZVYSULb_m{�VRnOSowl[]`acONkgQSlTU“

}

[]gQ^O`a\OP 7€• �

‹

Xe\OL ��;�PRnO[ •�VRnOS™PWN5/USu[ZhzVYnHS™SUcONkgQ[]t]^OS

|

Nk\�VYSUTR`aPI[ZhzVYnHSuP>V‰XeteS™wU[]^O\mV ‚

[eh�VYnOS `r[xLO^OgQ[rPWw‰nOSlLO^HgkSlL�gQ[€[ecOPIhi[eT9VYnHS™VYnHTRSlS PRw‰nOSULO^OgkSUTRPU“

	

S™w”Xe\�PWSlS VRndXZV;[e\’X”†]SUTYXet]S

v

y3K ‡›• NQ\OwlTWS”XePWSlP@VYnOS _dXePWSlgQNk\OS�PWw‰nOSlLO^HgkS SlcONQgk[]t]^HS’_m{�X&h XZwUVY[eT�[eh �e“ 	H•—Xe\OL y<y3K ‡›•

�%7 0



`r[]TWSuVRndXe\bVYTRNQcOgkSUPIVRnOSu_dXePRSUgkNQ\OS™PWw‰nOSlLH^OgkS+SUcONkgQ[]t]^OSZ“sƒ„nOS™TRS”XZPR[]\›hi[eTIVRnONkPINk\OwUTRSlXePRS™Nk\@VYnOS

SlcONQgk[]t]^HS PRN0/lS�NkP+VJ•E[ehi[]gQL*• jdTWPWVl•‘XePžwU`rcHc gkXZVYSU\OwU{ Nk\OwUTRSlXePRSUPl•<VYnOSb•HŸ�ƒ PRw‰nHSlLO^OgQS@gkSl\HteVYn

Nk\OwUTRS”XZPRSlPU•zXZ\OL�PRSUwl[]\OL •�_š[eVYn

v

yšK ‡’• Xe\OL y<y3K;‡’•�Nk\mVYSU\qVRNk[]\OXegkgŽ{@PWVYTWSUVRw‰n VYnHSžPRw‰nOSULO^OgkS

_q{u`a[ †€NQ\OtI[]c3SUTYXZVRNk[]\HP hi^HTWVYnHSlT�X •‘X”{ohiTR[]`�VRnOSlNQTCcHTR[xLO^OwlSUTRP�PR[ XeP VY[9XegQgk[ •$`a[]TRS Xetet]TRSUPRPRNŽ†]S

wl[]`+_HNk\ONQ\OtO“

�zNQ\dXegQgQ{]•Hwl[]gQ^O`r\HP /H• � � Xe\OL �
	aPRnO[ •-VYnHS+X”†]SUTYXet]S \x^H`+_3SUT—[ehˆTR[eVYXZVYNQ\OtrTWSlt]NQPWVRSlTRP � �

‹

�

TRSlpq^ONQTRSUL _m{ S”Xew‰n [eh„VYnHS VYnOTWSlS�PRw‰nHSl`aSlPl“ ŸI[ZV‰XZVRNk\Ot’TWSlt]NQPWVRSlTRP+XeTRS�^OPWSlL&VY[ XZgkgk[xw”X VYS�VYnOS

†eXZTRNfXZ_OgkSUP˜•˜NŽVYn�`+^OgQVRNkcOgQS gkNŽhiSUVYNQ`rSUPs•˜nONkw‰n�[€wUwl^OTI•˜nOSl\�VYnOSu†eXZTRNfXZ_OgkS NQP9gQNQ†]S™XewUTR[]PWP—PRS•†]SUTYXeg

gk[x[]c$NQVRSlTRXZVYNQ[]\OP �

Œ]Œ

� “ ƒ„nOS h XeT>VYnOSUTžX”•sX”{$VRnOS †ZXeTRNkXe_OgQS wl[e\OPR^O`aSlT NkP+PWw‰nOSlLO^HgkSlL hiTR[e`0NŽVYP

cOTR[xLO^OwUSlTl•*VRnOS+`a[]TRS™TR[eVYXZVYNQ\Ot TWSlt]NQPWVRSlTRP9VYnOS+cHTR[xLO^OwlSUT;•˜NkgQgCTWSlpq^ONQTRSe“

�

Sl\OwUSe•*VYnHS+Nk\OwUTRSlXePRS

Nk\�VYnOS�TWSlpq^ONkTWSlL \q^O`+_šSlTo[eh TR[eVYXZVYNQ\Ot�TRSUt]NkP>VYSUTRP VYndX V •‘S�PRSUSa•˜NŽVYn

v

y3K;‡’• Xe\OL y<y3K ‡›•

[€wUwl^OTWP hi[]ToVYnOS PRXe`aSaVJ•E[�TRSlXePR[]\HP VYndX V wlXe^OPRSrVYnOSrNk\OwUTRS”XZPRS NQ\ VYnHS PRN0/lSr[ehsVYnHS SlcONQgk[]te^OS

hi[]TIVRnOSlPWS VJ•E[ PRw‰nHSl`aSlPl“9ƒ„nOSlPWS+Nk\HwlTRSlXePRSUP—NQ\�TWSlt]NQPWVYSUT9TWSlpq^ONQTRSl`aSl\mVRP;XeTWS™pq^ONŽVYS TWS”XePW[]\dXe_HgkS

_q{›VY[xLdX”{ 4 P PWVYXe\OLdXZTRLOPU“�‡�[]TWSžS1*€c3SUTRNQ`rSU\qVYXegˆP>VY^OLONQSlPoXe\HL NQ\OPRNQt]nmVYP;NQ\mVY[�TR[ZV‰XZVRNk\Ot TWSlt]NQPWVRSlT

TRSlpq^ONQTRSU`rSU\qVRPIhi[eT �‘K ‡’•š•

v

y3K ‡›•bXe\HL›y<y3K;‡’•�XZTRS cOTW[ †xNQLOSlLbNk\/•xSlwUVRNk[]\

Œ

“

Œ

“ �]“

ƒzXZ_OgkS 0€“

Œ

|

_ ‚ PRnH[ •˜P VRnOS<wl[]TWTRSlPWc3[e\OLONk\Ht„LdXZV‰Xshi[]T*y � ��� �

|

/m‚ • y �

�

���

|

/H• 0m‚ Xe\OLuy

�@�

� �

|

/H• 0H• � ‚

` Xew‰nHNk\OSUP‘hi[]TE•˜nHNkw‰n�wl[e\OwlgQ^OPRNQ[]\OP‘PWNk`aNkgkXeTˆVY[ VRnO[]PWS—hi[]TEVRnOS—VRnOTRSUS

Œ

– •˜NQLOSI` Xew‰nHNk\OSUPsw”Xe\ _3S

LOTYX”•˜\*“

�

[ •ESU†eSlTl•sXePž`rSU\mVYNk[e\OSlL Xe_š[ †]Se•<VYnHS-/ – •˜NkLHS cOTRSULONkwlXZVYS –7X”•‘XeTRS@`rXew‰nONk\HS •˜NQVYn

Œ

Nk\mVYSUt]SlT+^H\ONQVRP ndXeP™`r[eTRS TWSlPW[]^OTRwUSlP�Xe\HL VYnOSUTRS•hi[]TRS�XZw‰nONkS•†]SlPžgQSlPWP+_3SU\OSUjHV+hiTR[]`/[]cšSlTRXZVYNQ[]\

PRndXeTWNk\Ot„VRndXe\oVYnOS<Slpq^ONŽ†ZXegkSU\qV

Œ

– •˜NkLHS�` Xew‰nHNk\OS�•˜NQVRn

Š

NQ\mVYSlteSlT ^O\ONŽVYPU“

v

y3K;‡’• Xe\OL™y<y3K ‡›•

wl[]\OPWSlpq^OSU\qVRgQ{�Xew‰nONQSU†eS™gQSlPRP˜PWc3SUSlLO^Oc�[ †]SlT˜VYnHSu_OXePRSUgkNk\HS;hi[]TsVYnOS�/ –~•˜NkLOS `rXew‰nONQ\OSlPU“

�'-���-

�

- �

� ����� �
� �

�

+

� � ! �

+

ƒ„nOS’hi^Hgkg9XecOcOgQNkw”X VYNk[e\ TRSUPR^OgŽVYP cHTRSlPWSl\mVYSUL NQ\ VYnONQP PR^H_OPRSUwUVYNQ[]\�XePRPW^O`aS›VYndX V VYnOS�cHcdX –

Nk`acOTR[ †ZXe_OgQS�XewU{xwUgkNkwˆXe\OLowU{xwlgQNkw�TWSlt]NQ[]\OP XeTWS�PRw‰nOSULO^OgkSUL™•˜NŽVYn*4 jdTRP>VW– jHV 4 y<y3K���•oXe\OLuy<y3K;‡’•3•

�%7

Œ



TRSlPWc3SUwUVRNQ†]SUgQ{e“

	

nOSl\�LOSUVRSlTW`rNQ\ONkP>VYNkw PWw‰nOSlLH^OgkNQ\OtrNQP˜c3SUTWhi[]TW`rSUL�[]\bLOcdX –JNk`acOTW[ †ZXe_HgkS;TWSlt]NQ[]\OP

|

hi[]Towl[e`rcdXZTRNkPW[]\’•˜NQVRn cOTR[]_OXe_ONkgQNkP>VYNkw”‚•• 4 jdTWPWVW–~jOV 4

v

yšK#�C•�Xe\OL

v

y3K;‡’• XZTRS�^OPRSUL*“aK—P •‘S

PYXeNQL&S”XeTWgkNkSUTl•zVRnOS TWSlPWV�[Zh„VYnOS TWSlt]NQ[]\OPžXZTRS PWw‰nOSlLO^HgkSlL ^OPWNk\Ot �EK#�C•$Xe\OL �‘K;‡’•$_dXePWSlgkNQ\OS

PRw‰nOSULO^OgkNQ\OtrXegkt][eTRNQVRnO`aPl“

�zNQt]^OTRS 0H“

Š

7

|

X]‚CPRnH[ •˜P�VRnOSs[ †]SUTYXegQgHPRcšSlSULO^OcrXew‰nONQSU†]SUL�_q{

Œ

– •˜NQLOSsy<yšK •+cOTR[xwlSUPRPW[]T�[ †]SlT

VYnOSEwl[]TWTRSlPWc3[e\OLONk\Ht

Œ

–~•˜NkLOS _dXePWSlgkNQ\OS cOTR[xwlSUPRPR[eT�hi[]T S”XZw‰nžXecOcOgQNkwlXZVYNQ[]\*“ ƒ„nOS‘gQSUh Vl•Z`aNkLOLHgkS<Xe\OL

TRNktenqV9_dXeTWP—wU[]TRTWSlPRcš[]\OL’VR[ wU`rcOc›gfXZVRSl\Ow•{ �e•

Š

•3Xe\OL 0rwU{xwUgkSlPU“—ƒ„nOS™•˜nONQVRS Xe\HL’_OgfXZw‰œb_OXeTRP

hi[]T

}

v

Ÿ���


‹

XZ\OL �e•‘TRSUPRcšSlw•VYNQ†eSlgŽ{]•„XeTWS�[ †eSlTRgkXeNkL XePaNk\ ��Nkt]^OTWS�0H“

Š

0H“ �zNkte^OTRS�0H“

Š

7

|

_ ‚

PRnO[ •˜P9VRnOSowl[]TWTRSUPRcš[]\OLONQ\Ot�LdXZV‰X+hi[]TsVRnOS�/ – •˜NQLOS cOTW[€wUSlPRPW[]Tl“

ƒ„nOS’X †eSlTRXet]S�PRcšSlSULO^OcOP@XZw‰nONkS•†]SlL [ †]SUT�XegQg—XecHcOgkNQw”XZVRNk[]\OPaXeTWS ��/

�

|

�%7

�

‚••��

Œ��

|

�

Œ �

‚

Xe\OL �

Œ �

|

� �

�

‚Ihi[]T

Œ

–~•˜NkLOS ` Xew‰nHNk\OSUP—•˜NQVRn

}

v

Ÿ�� [eh

‹

|

� ‚—Xe\OL wl`acOc�gkXZVYSU\OwlNQSlP �]•

Š

Xe\OL

0H•ETWSlPWc3SUwUVYNŽ†]SUgQ{]“ ƒ„nOS@wl[]TWTRSlPWc3[e\OLONk\Ht PWc3SUSlLO^HcOPahi[eT+VYnOS�/ –~•˜NkLOS ` Xew‰nHNk\OSUP�XeTRS�;

�

|

1

�

‚••

7

�

|

7

�

‚�Xe\OL 7

�

|

Œ �

‚•“ •€[]`aS@XecOcOgQNkwlXZVYNQ[]\OP+ndX”†eS›`+^Ow‰n nONktenOSlT�PRcšSlSULO^Oc �˜hi[]TaXegQg‘VYnOTWSlS

wl`acOc gkXZVYSU\OwlNQSlP���t]PW`rLHSlwl[xLOSaXe\OL `ac3SUt

Š

SU\Ow�Sl\��W[ {�`a[]TRS+VRndXe\ 0:7

�

PRcšSlSlLH^Oc hi[]T;VRnOS

Œ

–

•˜NkLOS+`rXew‰nONQ\OSlP;Xe\OL�`a[]TRSuVYndXe\ ��;

�

PRcšSlSlLH^Oc�hi[]T9VRnOS*/ –~•˜NkLOS+`rXew‰nONQ\OSlPU“ •<Xew‰n [eh�VYnHSlPRS

_3SU\Ow‰nO`rXeTRœqPaPRcšSl\OLOP�`a[]TRSrVYndXe\ 	

‹ �

[eh9NQVRP+S1*€SlwU^HVYNQ[]\ VYNk`aS NQ\$VYnOS@`a[€LH^Ogk[’PWw‰nOSlLH^OgkSUL

gk[x[]cOPl•*•˜nHNkw‰n Xew‰nONQSU†]Sž†eSlTW{ nHNkt]n�PWc3SUSlLO^Oc •˜NQVRn y yšK ‡’•

|

PWSlS �zNkte^OTRS*0€“

Š

0]‚•“ �d[]T;XegkgCVYnOS

XecOcOgQNkw”X VYNk[e\OP*[]\™X / – •˜NQLOS�` XZw‰nONk\OSZ•Z`a[]P>V [eh€VRnOS [ †eSlTRXegkg]cšSlT>hi[]TR`rXe\OwUS<Nk`acOTR[ †]SU`rSU\mV wl[]`aSlP

hiTR[]`�y<yšK ‡’• �šy<y3K��C•bXew‰nHNkSU†eSlP˜†]SUTW{@gkNŽVRVRgkS—PWc3SUSlLO^Hc*“

�zNkt]^HTRS 0H“

Š

/

|

X]‚ PRnO[ •˜P�VRnOS [ †eSlTRXegkgqPRcšSlSULO^Oc+[ †eSlTˆX

Œ

–~•˜NkLOS<_dXePWSlgQNk\OS<cOTW[€wUSlPRPW[]T�Xew‰nONkS•†]SUL

_q{�X

Œ

– •˜NQLOS™LHSUVYSUTR`aNk\ONQPWVRNkw cOTWSlLONQw”XZVRS•–7X”•‘XeTRSucOTW[€wUSlPRPW[]T

|

gkS•h V9_OXeT‰‚ • XeP˜•ESlgkgCXeP˜VJ•E[

Œ

– •˜NQLOS

cOTR[]_OXe_ONkgQNkP>VYNkw�cOTWSlLONQw”XZVRS•–JX •‘XeTWS cOTW[€wUSlPRPW[]TRP™•˜NQVYn

}

v

Ÿ���


‹

|

`rNQLOLOgkS�_dXZT‰‚™XZ\OL

}

v

Ÿ ��
 �

|

TRNQt]nmVs_dXZT‰‚••xTRSUPRcšSlw•VYNQ†eSlgŽ{]“<K—gQg VRnOTRSUS;cOTWSlLONQw”XZVRS•–7X”•‘XeTRS—` Xew‰nHNk\OSUPsXePWPR^O`aS;wl`acOc gkXZVYSU\OwU{a[eh

0aw•{€wUgkSUPl“ �zNQt]^OTWS�0H“

Š

/

|

_d‚‘PRnO[ •˜P9VRnOSowl[]TWTRSUPRcš[]\OLONQ\Ot�LdXZV‰X+hi[]TsVRnOS�/ – •˜NQLOS cOTW[€wUSlPRPW[]Tl“

K9PrS2*HcšSlw•VYSUL*•˜Nk\ `r[]P>V wlXePRSUPl•˜y<y3K;• []^HVRc3SUTWhi[]TW`rP

v

yšK •3•<TRSUPR^OgŽVYNQ\Ot NQ\ Xe\ X”†]SUTYXet]S

�%797



0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

S
pe

ed
up

cjp
eg

djp
eg ep

ic

un
ep

ic

g7
21

en
co

de

g7
21

de
co

de

gh
os

tsc
rip

t

gs
m

de
co

de

gs
m

en
co

de

m
es

am
ipm

ap

m
pe

g2
de

c

m
pe

g2
en

c

pe
gw

itd
ec

pe
gw

ite
nc

ra
sta

ra
wca

ud
io

ra
wda

ud
io

Ave
ra

ge

CDRL=0
CDRL=1

)
7

+
1�AdO:O

-
2LA T����

� ����


)

�

X>0���Y���F.X

�

��0

+
T

�
OQ5��

� �	
��

)

�

+

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

S
pe

ed
up

cjp
eg

djp
eg ep

ic

un
ep

ic

g7
21

en
co

de

g7
21

de
co

de

gh
os

tsc
rip

t

gs
m

de
co

de

gs
m

en
co

de

m
es

am
ipm

ap

m
pe

g2
de

c

m
pe

g2
en

c

pe
gw

itd
ec

pe
gw

ite
nc

ra
sta

ra
wca

ud
io

ra
wda

ud
io

Ave
ra

ge

CDRL=0
CDRL=1

)
3

+
1�A�OQO

-
2.AƒT�� � � ����


)��

XB0��!Y
��FLX

�

��0

+
T

�
O:5 ������
��

)��$+

687 98:�;
f �ih g��il ����o�t:~�•�• q9wno�o�ŽyŒ•wˆz�}#� ��� 	’z ��o�t��‚~�q9o�•�v�{•o�}‰z�t†r�• wyw‚•�~�x

�

��� �ƒ~�{yŽ •

�%7 /



0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

cjp
eg

djp
eg ep

ic

unep
ic

g72
1e

nco
de

g72
1d

ec
ode

ghos
ts

cr
ip

t

gsm
dec

ode

gsm
en

co
de

m
es

am
ip

m
ap

m
peg

2d
ec

m
peg

2e
nc

peg
witd

ec

peg
wite

nc
ra

st
a

ra
wca

udio

ra
wda

udio

Ave
ra

ge

DPAS PPAS with CDRL=1 PPAS with CDRL=0

)
7

+
1�AdO:O

-
2LA T�� �����	�	


)

�

X F

+

X

� � ����

)

�

X F.XB0

+

X

� � ����

)

�

X F.X

�

+
T

�
OQ5

�
����
��

)

�

+

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

cjp
eg

djp
eg ep

ic

unep
ic

g72
1e

nco
de

g72
1d

ec
ode

ghos
ts

cr
ip

t

gsm
dec

ode

gsm
en

co
de

m
es

am
ip

m
ap

m
peg

2d
ec

m
peg

2e
nc

peg
witd

ec

peg
wite

nc
ra

st
a

ra
wca

udio

ra
wda

udio

Ave
ra

ge

DPAS PPAS with CDRL=1 PPAS with CDRL=0

)
3

+
1�AdO:O

-
2.A T�� �

������


)��

X F

+

X

�
� �	�	


)��

X FLX>0

+

X

�
� ����


)��

X F.X

�

+
T

�
OQ5

�
����
��

)��$+

6 7 98:�;
f �ih g 	il ����o�tQ~�•�•�q9wno�o�ŽyŒ•w‚q,z�} m���� 	ˆ~�{yŽ � ����	ˆz ��o�t��‚~�q9o�•�v�{yo � r�•€wyw‚•�~�x

�

• 


�%791



/H“87

�

t]XeNk\uhi[]TCVRnOS

Œ

– •˜NkLHSE`rXew‰nONQ\OS •˜NŽVYn

}

v

Ÿ ��


‹

•eXZ\OL

Š �

tmXeNQ\uhi[eT�VYnHS$/ –~•˜NkLOS ` XZw‰nONk\OSZ“

	

nOSl\

}

v

Ÿ � NQP�NQ\OwlTWS”XePWSlL™VR[ �e• VRnOSE[ †eSlTYXZgkgqc3SUTWhi[]TW` XZ\OwlS<tmXeNQ\™[Zhdy<y3K;•™[ †]SlT

v

y3K;•uLOTW[]cOP

VY[

Œ �

hi[]T*VRnOS

Œ

– •˜NkLHS�` Xew‰nHNk\OS<Xe\HL �

�

hi[]T VYnOS / –~•˜NkLOS�`rXew‰nONQ\OSe“

	

S<ndX”†eS‘PRSUSl\uVYndXZVCgkXeTRt]SUT

}

v

Ÿ�� ndXePs\HSlt]gQNkt]NQ_OgkS˜Nk`acdXew•Vs[]\ XewU{xwlgQNkw;cšSlT>hi[]TR`rXe\OwUSe“

	

S ndX”†]SoXZgkPR[ PRSlSU\�VYndXZVs`r[]P>Vs[eh

VYnOSowU{xwUgkNkw—TRSlteNk[]\OPsXeTRS `a[]TRS—PRSl\HPRNQVRNQ†eS;VY[+VYnHS;†eXZgk^OS [eh

}

v

Ÿ � �€VYnHS S1*€c3SUwUVRSlL ��� •OXZ\OL�VYnOS

XewUVR^dXegxy<y3K ‡›•™PRcšSlSULO^Oc+[ †]SUT �‘K;‡’•uLHSlwlTWS”XePWSlP�XZP

}

v

Ÿ � Nk\HwlTRSlXePRSUP

|

PRSlS �zNkte^OTRS�0H“

Š

0

|

Xm‚R‚ “

ƒ„nx^HP9VYnHSu[ †eSlTYXZgkg*LOSUwlTWS”XePINk\@PRcšSlSULO^Ocbhi[]T

}

v

Ÿ���
 �oNkP„LO^HSoVR[aVRnOSlPWS™w•{xwlgkNQw TRSUt]Nk[]\HPl“

�d[]TEPR[]`aS—[eh VRnOS;_šSl\Ow‰nO`rXeTWœxPU•

v

y3K;• Xew‰nONQSU†]SUP˜nONkt]nHSlT‘cšSlT>hi[]TR`rXe\OwUS—VYnOXe\�y<y3K;•3“ �d[]T

S1*HXe`acOgkSZ•€hi[]TE`rcšSlt

Š

LOSlwZ•H[]\@X

Œ

–~•˜NkLOS9` XZw‰nONk\OSZ•

v

yšK • Xew‰nHNkSU†eSlP 0

�

`a[]TRS9PRcšSlSlLH^Oc�VYndXe\

y yšK • []\ X

Œ

–~•˜NkLOSb` XZw‰nONk\OSb•˜NQVRn

}

v

Ÿ ��
 �]“ ƒ„nONQP ndXZcOc3SU\OP _šSlwlXe^OPRS�VYnOS�`rcšSlt

Š

LOSlw

XecOcOgQNkw”X VYNk[e\bNQP˜LO[]`aNk\dXZVRSlL@_m{bgk[x[]cOP„•˜NQVRn›XaPRnO[]T>V9VRTRNQcbwU[]^O\mV”“��J\bVYnONQP˜w”XePWSe•*XZPIƒ�Xe_OgQS
0€“

Œ

PRnO[ •˜Pl• y<yšK ‡’•’Xew‰nHNkSU†eSlP XaPR`rXegkgQSlT'��� •3_O^€V;TRSUPR^OgŽVYP9Nk\’Xrgk[]\OteSlTISlcONQgk[]t]^HSoVRndXe\

v

yšK ‡’•

•˜nONkw‰n*•HLO^OS—VR[ VYnOS—gk[ • VYTRNQc [eh VRnOS;gQ[€[]cHPl•xTRSlPW^OgQVRPsNk\rVYnOS;_šSUVWVYSUTsc3SUTWhi[]TW` XZ\OwlS9[eh

v

y3K;‡’•3“

ƒ„nOS�TWSlPR^HgQVYPocOTWSlPWSl\mVYSUL PR[@h XeT;nOX †eSr_šSlSU\ wU[]gkgQSlw•VYSlL�^HPRNk\Ht@VRnOSžVYTRXeNk\ONQ\Ot NQ\OcO^HVoPWSUVohi[]T

S”Xew‰nb_3SU\Ow‰nO`rXeTRœ “)�zNkte^OTRS�0€“

Š

1

|

Xm‚<wl[]`acdXeTWSlPsVYnHS PRcšSlSlLH^OcOPIXew‰nONQSU†]SUL�_m{@X

Œ

– •˜NkLHS y<y3K •

cOTR[xwlSUPRPR[eTI[ †eSlT„VYnOSowU[]TRTWSlPRcš[]\OLHNk\Ot

Œ

–~•˜NkLOS;_OXePRSUgkNk\HS;cOTR[xwlSUPRPW[]T„hi[]Ts_š[eVYn�VYnHS;VYTYXZNk\ONQ\OtžXe\OL

TRSUhiSUTRSU\OwlS9Nk\OcO^€V<PRSUVRPl“�K wl`acOc�gfX VYSl\HwU{ž[eh 0owU{xwlgQSlPEXe\OL

}

v

Ÿ���
 �IXeTRSIXePWPR^O`aSlL “�ƒ„nOS˜gkSUh Vl•

`rNQLOLOgkS—Xe\OL�TWNkt]nmV„_dXZTRPswU[]TRTWSlPRcš[]\OL •dTRSlPWc3SUwUVRNQ†]SUgQ{e•OVY[+VYnHS;PRcšSlSULO^OcbLO^OS;VY[�XZwU{xwlgQNkw;TWSlt]NQ[]\OP

[]\OgQ{

|

PRw‰nOSULO^OgkSUL •˜NQVRn�4 jdTRP>VW– jHV 4€y yšK#�C•O‚ •HwU{xwUgkNkwITRSUt]Nk[e\OPE[e\OgQ{

|

PWw‰nOSlLH^OgkSUL •˜NQVYn y<y3K ‡›•O‚••

Xe\OL VRnOS [ †]SUTYXegQg‘XZcOcOgkNQw”XZVRNk[]\ “�•<Xew‰n$_dXeT™NkPuwl[]`acš[]PRSUL [ehsVRnOS [ †eSlTRgkXeNkL •˜nONQVRS Xe\HL _OgkXew‰œ

PR^O_€– _dXeTWPIhi[]T„VRTYXeNQ\ONk\Ot�XZ\OL�TWSUhiSUTRSl\HwlSuNk\OcO^€V9PWSUVRPl• TRSUPRcšSlwUVRNQ†eSlgQ{e“ �zNkt]^HTRS�0H“

Š

1

|

_ ‚‘PRnO[ •˜PIVYnOS

wl[]TWTRSlPWc3[e\OLONk\HtrLdX V‰X+hi[]TsVYnHS
/ – •˜NkLHS cOTR[xwlSUPRPR[eTl“

	

S�PRSlSaVYndX VuVRnOSay<y3K • cOTR[xwlSUPRPW[]T XZw‰nONkS•†]SlP™_3S•VRVRSlToPRcšSlSULO^Oc$[]\ VYnHSaVRTYXeNQ\ONk\Ot�NQ\OcO^HVl•

•˜nONkw‰n •‘XeP ^HPRSlL hi[eTrtmX VYnOSUTRNk\Ht cOTW[ejdgQNk\Ot Nk\Hhi[eTR`rXZVYNQ[]\$hi[]T�VYnOS�PRw‰nOSULO^OgkSUTl•„VYnOXe\ []\ VYnOS

TRSUhiSUTRSU\OwlS’NQ\OcO^HVl“

�

[ •ESU†eSlTl•IXePaVYnOSbgkS•h Va_dXeTaPRnO[ •˜Pl•�4 jdTWPWVW–~jOV 4Ey<y3K���• gk[]PWSlPa†]SlT>{ gkNQVWVYgQS

�%7 ;



0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

S
pe

ed
up

cjp
eg

djp
eg ep

ic

un
ep

ic

g7
21

en
co

de

g7
21

de
co

de

gh
os

tsc
rip

t

gs
m

de
co

de

gs
m

en
co

de

m
es

am
ipm

ap

m
pe

g2
de

c

m
pe

g2
en

c

pe
gw

itd
ec

pe
gw

ite
nc

ra
sta

ra
wca

ud
io

ra
wda

ud
io

Ave
ra

ge

Training Input Set
Reference Input Set

)
7

+
1�AdO:O

-
2.A T���� � �	�	


)

�

X FLX>0

+
T

�
OQ5���� �	
��

)

�

+

0.3

0.4

0.5

0.6

0.7

0.8

0.9

1

1.1

1.2

1.3

1.4

1.5

S
pe

ed
up

cjp
eg

djp
eg ep

ic

un
ep

ic

g7
21

en
co

de

g7
21

de
co

de

gh
os

tsc
rip

t

gs
m

de
co

de

gs
m

en
co

de

m
es

am
ipm

ap

m
pe

g2
de

c

m
pe

g2
en

c

pe
gw

itd
ec

pe
gw

ite
nc

ra
sta

ra
wca

ud
io

ra
wda

ud
io

Ave
ra

ge

Training Input Set
Reference Input Set

)
3

+
1�A�OQO

-
2.A T���� � ����


)��

X F.XB0

+
T

�
O:5 ������
��

)��$+

6 7 98:�;
f �ih g �il 	�wno�o�ŽyŒ•wƒz�} � ��� 	 z ��o�t ��~�q9o�•�v�{•o‘xs‡y~�x,ruz�tstso�q9wnz.{yŽ€x9z…x9tQ~�v�{yv�{8=…~�{yŽ tso�} o�tso�{yruo

v�{•w�Œ•xKq9o�xsq�� •ko�}‰x �‚~�t‘ruz�tstso�q9wnz.{yŽyq'x9z ~�r��ir�•�v�r tso4=.vkz.{yqHq9wno�o�ŽyŒ•w �d•€v�ŽyŽy•�o �‚~�tHx9z

r��ir�•�v�r��y~�{yŽWt:v =.‡Lx ��~�t x9z z ��o�t:~�•�• 


�%7 	



PRcšSlSlLH^Oc •˜nOSU\ TW^O\ []\�VYnOS+VRTYXeNQ\ONk\Ht Nk\HcO^HV”“™ƒ„nONkP NQP;LO^OSžVR[ VYnOS+h Xew•V VYndX V”• XeP S2*HcHgfXeNQ\OSlL

Nk\@•€SUwUVRNk[]\�0€“87€“

Š

“

Š

•€XewU{xwlgQNkw9TRSlteNk[]\OP PRw‰nHSlLO^OgQSlL�•˜NQVRn�y<y3K���• nOX †eS X™†eSlTW{ PR`rXegkgdLHSlgfX”{rLO^OS

VY[ wl[]\ � NkwUVRPl“ …9PWNk\Ot X LON033SlTWSl\mVaNk\OcO^€V�PRSUVl•sLO[xSlP�\O[eVaNQ\OwlTWS”XePWS@VRnONkP�LOSUgfX”{&PWNkt]\ONŽjdw”XZ\qVRgQ{e“

�

[ •‘S•†]SUTl•„•‘SbLO[ []_OPWSlTW†eS›PW[]`rS@PWc3SUSlLO^Oc LOSlt]TRXeLdXZVRNk[]\&hi[]T�7 XecOcHgkNkwlXZVYNQ[]\OP+[e\ X

Œ

– •˜NQLOS

` Xew‰nHNk\OSZ“�
 ^€V˜[eh�VRnOSlPWS
7�XZcOcOgkNQw”XZVRNk[]\HPl•H`acšSlt

Š

LHSlw S1*€nONQ_ONQVRP‘VYnHSugkXeTRteSlPWVsgk[]PWP„Nk\@PRcšSlSULO^Oc*•

LO[ •˜\ VR[ �]“

‹

	›hiTR[]` �]“ �

Œ

“ 7

�

“ 
;\ X †eSlTRXet]Se•<nO[ •ESU†eSlTl•ENk\$wU[]`acdXeTRNQPR[]\ VY[’VYnHS VYTRXeNk\ONQ\Ot

Nk\OcO^€V”•�y yšK#�C•3• •˜nOSU\$TR^O\ []\ VYnOS�TRS•hiSlTWSl\OwUS Nk\HcO^HV”•CS1*€NQ_ONQVRPuTWSlLO^HwUVYNQ[]\ Nk\ PRcšSlSlLH^Oc hiTR[e`

�]“

‹

1+VR[ �e“

‹

/ž[]\�VRnOS

Œ

– •˜NQLOSoXe\OLb\O[�gk[]PWP˜Nk\�PRcšSlSULO^Oc’[e\@VRnOS�/ – •˜NQLOS `rXew‰nONk\HSe“

y<y3K;‡’•3•q[]\žVYnHS9[eVRnOSlT�nOXe\OL*•qgk[ePRSlP<`a[]TRS„[Zh*NQVRP�PRcšSlSULO^OcrVRndXe\ry<y3K#�C•žLO[xSlP�•˜nOSl\rTR^O\

[]\�VYnOS TWSUhiSlTWSl\OwUS™NQ\OcO^HVl•HTRXZVYnOSUTsVYndXZ\@VRnOS;VYTRXeNk\HNk\Ot+NQ\OcO^HVl“�ƒ„nONkP„NQP‘VYTW^OS;hi[]Ts_š[eVRnb`rXew‰nONQ\OS

`r[xLOSlgQPl“

�

[ •‘S•†]SlT„VRnOS;`a[]PWV‘PR^O_OP>V‰Xe\mVRNfXeg3PRcšSlSlLH^Oc@gk[]PWP‘NkPELO^OS—VR[+VJ•‘[ž_šSl\Hw‰nO` XZTRœqPl•�L��WcšSlt

Xe\OL�`ac3SUt

Š

LOSUwe“��d[]T—S2*HXe`rcHgkSe•šhi[]T;L��WcšSltr•˜nOSl\ y<y3K;‡’•’NkP;TW^O\�[]\›VRnOS+TRS•hiSlTWSl\OwUSaNQ\OcO^HVl•

TYXZVRnOSlTsVRndXe\�VYnOS VRTYXeNQ\ONk\Ot™Nk\OcH^HV”•ONŽVYPsPWc3SUSlLO^Hc›NkP‘TRSlLH^OwlSULbhiTW[]` �]“ 0 VY[

‹

“21 	+[]\�VRnOS

Œ

– •˜NQLOS

` Xew‰nHNk\OS„XZ\OL hiTR[e`

‹

“ 	:1IVR[

‹

“219/—[]\™VYnOS / – •˜NkLHS‘`rXew‰nONk\HSe“zƒ„nHNkPzPWNkt]\HNQjdwlXe\mVˆgk[ePRPˆ[eh PWc3SUSlLO^Hc

hi[]TEVRnOSlPWS—VJ•‘[ _3SU\Ow‰nO`rXeTRœqPsNQP‘LO^OSIVY[uVYnOS—h XZwUV VYndXZVEVYnOS9TRS•hiSlTRSU\OwlS—Nk\OcO^€VsTRSUPR^OgŽVYPENk\ X™gfXeTWt]S

\x^H`+_3SUT;[eh<cš[]PRNŽVYNŽ†]SlgŽ{@wl[]TWTRSUgfXZVRSlL›cHTRSlLHNkw”X VYSlP9•˜nONkw‰n’•ESlTWS+\O[eV—wl[]TWTRSlgkXZVYSUL’Nk\bVYnOSuVYTRXeNk\ONQ\Ot

Nk\OcO^€V”“�ƒ„nOSUPRS wU[]TRTWSlgkXZVYNQ[]\OPoTRSUPR^OgŽV NQ\ `a[]TRS�TW^O\mVYNk`aSawl[]\
�

NkwUVohi[]ToVYnHSrTWSUhiSlTWSl\OwUS Nk\HcO^HVuNk\

VYnOSUPRS VJ•E[ _šSl\Ow‰nO`rXeTWœxPU“#�d[]T˜VYnOS™[eVYnHSlT �%7a_šSl\Ow‰nH` XeTWœqPl• y<y3K;‡’•�gQ[]PRSUP9†]SUTW{�gkNŽVRVYgQS [eh�NŽVYP

PRcšSlSlLH^Oc’TRSUgfXZVRNQ†eS;VY[žVYnOS VRTYXeNQ\ONk\Ot Nk\OcO^€V”•O•˜nOSU\�TW^O\�[e\bVRnOSoTRSUhiSUTRSU\OwlSuNk\OcH^HV”“


—†]SUT VYnHS›Sl\mVRNkTRS›XecOcOgQNkwlXZVYNQ[]\ PR^ONŽVYSe•˜y<yšK • 4 P PRcšSlSULO^Oc*•˜•˜nOSU\�TR^O\ [e\ VYnOS�TRS•hiSlTRSU\OwlS

TYXZVRnOSlT„VYnOXe\bVRnOS VYTRXeNk\ONQ\OtžNk\HcO^HV”•HNkP„TRSULO^OwUSlL›LH[ •˜\bVY[ �]“

‹

/+hiTR[]` �]“ � �o[]\bVRnOS

Œ

– •˜NQLOS `rX –

w‰nONk\OSoXZ\OL VY[ �]“

‹

0™hiTW[]` �]“

‹ZŒ

[]\ VYnHS�/ – •˜NQLOS—`rXew‰nONQ\OSe“

�

[ •ESU†eSlTU•dNQh L��WcšSlt�Xe\HL�`rcšSlt

Š

LOSlw

•‘SUTRS []`rNŽVRVRSlL;•˜nOSU\ wl[e`rcO^€VYNk\HtsVYnOS X”†]SUTYXet]S<TWSlPR^HgQVYPU• VRnOSl\™y<y3K;• •E[]^OgQL™[]\HgQ{;gQ[]PRS�PWc3SUSlLO^Hc

LO[ •˜\@VR[ �]“ �

‹

hiTR[]` �]“ � �;[]\ VRnOS

Œ

–~•˜NkLOS9` Xew‰nHNk\OSZ•OXe\OL�•E[]^OgQL�` XeNQ\mV‰XeNQ\rNŽVYPsPWc3SUSlLO^Ocb[]\@X

/ – •˜NQLOS ` XZw‰nONk\OS;•˜nHSl\�VRnOSoTRS•hiSlTRSU\OwlSuNk\HcO^HV˜NkP˜^OPWSlL*“

��/

‹



1.00

1.20

1.40

1.60

1.80

cj
pe

g
dj

pe
g
ep

ic

un
ep

ic

g7
21

en
co

de

g7
21

dec
od

e

gh
os

ts
cr

ip
t

gs
m

de
co

de

gs
m

en
co

de

m
es

am
ip

m
ap

m
pe

g2
de

c

m
pe

g2
en

c

pe
gw

itd
ec

pe
gw

ite
nc
ra

st
a

ra
w

ca
ud

io

ra
w

da
ud

io

Ave
ra

ge

S
p

e
e

d
u

p

6 7 98:�;
f �ih g �il�����o�tQ~�•�•�q9wno�o�ŽyŒ•w�qSz�}Kxs‡•o

�

“ „ v�Žyo �‚~�qso�•�v�{•o � •�o�}‰x��‚~�t 
 ~�{yŽ xs‡•o 
�“ „†v�Ž•o � ����	

„ vkxs‡ƒr�• w‚w‚•�~�x

�

•p~�{yŽ �‘m � �

�

� � tQv =.‡dx#�‚~�t 
 �Ltso�•�~�xsv ��o x9z–xs‡•o 
�“ „†v�Ž•o��‚~�q9o�•�v�{•o

�zNQ\dXegQgQ{]•mVRnOS �zNkt]^HTRS�0H“

Š

;+wU[]`rcOXeTRSUP˜VRnOS [ †]SUTYXegQg*PRcšSlSULO^Oc›[ †eSlTIX

Œ

– •˜NQLOS;_dXePWSlgQNk\OS cOTW[Z–

wlSlPWPR[]TaVYndX VrNQPaXew‰nONkS•†]SUL _m{ X / –~•˜NkLOS@_dXePWSlgQNk\OS�cOTW[€wUSlPWPR[]T

|

gkS•h V�_dXeTWP‰‚�Xe\OL _m{ X

Œ

– •˜NQLOS

cOTR[]_OXe_ONkgQNkP>VYNkw„cHTRSlLHNkw”X VYS•–JX”•sXeTWS—cOTW[€wUSlPWPR[]T •˜NQVYn X™wU`rcOcrgfXZVRSl\Ow•{�[eh 0uwU{xwlgQSlPsXZ\OL

}

v

Ÿ � 


�

|

TRNktenqVs_dXeTRPY‚•“

	

S„PRSUSIVRndXZV�VYnHSs•˜NkLOSUT _OXePRSUgkNk\HSs` XZw‰nONk\OSs•˜NŽVYn�`a[]TRS„TWSlPR[e^OTRwUSlPEXe\OL�\O[oTRSUPR[]^OTWwlSIPRndXZT>–

Nk\OtoXew‰nHNkSU†eSlP<Xe\�X”†eSlTYXZt]S„[eh

Š

7

�

nONQt]nOSlTzc3SUTWhi[]TW` Xe\HwlS‘VRndXe\+VYnHSs\dXeTWTR[ •‘SUT�cOTRSULONkwlXZVYS –7X”•‘XeTRS

` Xew‰nHNk\OS TWSlPW[]^OTRwUS •˜NQVRn&PRndXZTRNk\Ht’w”XecOXe_ONkgQNQVJ{e•�_O^€V+hiSU•ESlTžTWSlPR[e^OTRwUSlPl“ ƒ„nONQP+TRSUPR^OgŽV+•‘XeP+S1*q–

c3SUwUVYSULrhi[]TˆVJ•E[uTRS”XZPR[]\OPU“$�zNkTWPWVl•mX;•˜NkLOSUT cHTR[xwlSlPWPR[]T<t]SU\OSlTRXegkgŽ{+XZw‰nONkS•†]SlP PR[e`rS˜Nk`acOTW[ †eSl`aSl\mV

Nk\bc3SUTWhi[]TW` Xe\HwlSohi[]T˜SU†]SUTW{@VJ{xc3S™[ehˆwU[€LHS™TWSlt]NQ[]\

|

VJ{xcONkwlXegkgŽ{�gkSUPRP˜hi[]TIXewU{xwUgkNkwoTWSlt]NQ[]\OP„•˜nONkw‰n

XeTRS gkXZVYSU\OwU{ _š[]^O\OL*• Xe\HL$`r[eTRS hi[]T™wU{xwlgQNkwrTRSlteNk[]\OP™•˜nONkw‰n XeTWS TRSUPR[]^HTRwlSZ•<TYXZVRnOSlT VRndXe\&gkX –

VYSl\HwU{�_š[]^O\OLd‚••*NQ\’wl[]\mVRTYXeP>V VY[@X cOTWSlLONQw”XZVRS•–7X”•‘XeTRS cOTR[xwlSUPRPR[eT;VYndXZV;w”Xe\ []\OgŽ{bNk`acOTR[ †]S™VYnOS

c3SUTWhi[]TW` Xe\HwlS˜[eh3XucHcdX –JNQ`rcHTR[ †ZXe_OgkSEwl[xLOS„TRSUt]Nk[e\*“�•€SUwl[]\HL*•x•˜NŽVYnONQ\�X t]NQ†eSl\acOcdX – Nk`acOTR[ †ZXe_OgQS

TRSlteNk[]\*•]VRnOSlTWSIXeTRS„[]cšSlTRXZVYNQ[]\OPˆhi[]T�•˜nONkw‰n�VYnOSUTRS˜S1*€NQPWV \O[o[eVYnHSlT�[]cšSlTRXZVYNQ[]\OPˆ•˜NQVRnž•˜nONkw‰n�VYnOS•{

w”Xe\�PWndXeTRS—X TRSUPR[]^HTRwlS—[]\rVRnOS;\dXeTWTR[ •ESlTsy<yšK • cOTW[€wUSlPRPW[]Tl“E•€^Hw‰n []cšSlTYX VYNk[e\OPE`aNktenqVEPWVRNkgQgd_3S

��/ �



PRw‰nOSULO^OgkSUL›NQ\�cdXeTYXZgkgkSUg

|

TRSUPR^OgŽVYNk\HtžNk\@X+PRnH[]TWVRSlT˜PRw‰nOSULO^OgQS ‚s[]\�VYnOS;•˜NQLOSlT„_OXePRSUgkNk\HS;` XZw‰nONk\OSZ•

_O^HVu`rNQt]nmV \O[eVo_šSžPRw‰nHSlLO^OgQSlL Nk\�cdXeTRXegkgQSlg�[]\�VYnOS�\dXeTWTR[ •ESlTo_dXePWSlgkNQ\OSž`rXew‰nONk\HS+LO^OSžVY[@NŽVYP

VYNktenqVRSlT˜TRSUPR[]^HTRwlSowU[]\OPWVRTYXeNQ\mVYPl“

�I[eVYS VRndXZVoNŽV;NkP—c3[]PWPRNQ_OgkS hi[eT;X�\dXeTWTR[ •‘SUToy<y3K •’cOTW[€wUSlPWPR[]T VY[�[e^HVYcšSlT>hi[]TR` X _dXePWSlgkNQ\OS

cOTR[xwlSUPRPR[eTbVRndXZV@NkP VJ•˜NQwlS XeP�•˜NkLHSe“"ƒ„nONQP@•˜NQgkg9ndXecOcšSl\ NQhuPR^�-awUNkSl\mVRgQ{�[eh VRSl\ 0&[]T�`r[eTRS

[]c3SUTYXZVRNk[]\HP�t]S•V�XePRPWNkt]\OSUL VY[IPRnOXeTRS VYnOS PYXe`aS TRSlPW[]^OTWwlS‘[e\+XIy yšK •™cHTR[xwlSlPWPR[]TU“&�d[]T S1*HXe`acOgkSZ•

0 � [mXZVRNk\Ot –Jcš[]Nk\mV˜[]cšSlTRXZVYNQ[]\OP˜VYndXZV—PRndXZTRS+XrPRNk\Ht]gkS � [mXZVRNk\Ot –Jcš[]Nk\mV˜^O\ONŽV—[e\�X

Œ

–~•˜NkLOS y<y3K •

cOTR[xwlSUPRPR[eTa•˜NQgkg‘S2*€Slwl^€VYSbNk\ �@wU{xwlgQS �„nO[ •ESU†]SUTl•sNŽV+•˜NkgQgEVYXeœeS

Š

wU{xwlgQSlP�VY[ S1*€SUwl^HVRSbVRnOSlPWS�0

�
[mXZVRNk\OtZ– c3[eNk\mV;[]cšSlTRXZVYNQ[]\OP []\ X�/ –~•˜NkLOSž_dXZPRSlgQNk\OSžcHTR[xwlSlPWPR[]T •˜NŽVYn

Š

�
[mXZVRNk\OtZ– c3[eNk\mV;^O\HNQVYPU“

�

[ •‘S•†]SUTl•x\O[]\OSs[ZhdVYnOS‘XecOcOgQNkw”X VYNk[e\OP�NQ\ []^HTˆS1*€cšSlTRNQ`rSU\mVYP�Xew‰nHNkSU†eSsPR^Hw‰nrXZ\+[ †]SlTRXegkg€PRcšSlSULO^Oc*•

PRNk\HwlS™VRnOS \q^O` _3SUT—[eh�[ec3SUTYXZVRNk[]\OP˜VYnOXZV—teSUV9wl[]`+_HNk\OSUL�VY[rPRndXZTRS™VRnOS PRXe`aS TRSUPR[]^HTRwlS™Nk\bVYnOS

PYXe`aSowU{xwlgQSo†eSlT>{@TYXeTWSlgQ{ S1*€wlSUSlLOP

Š

[ec3SUTYXZVRNk[]\OPU“

�'-���-

�

-��

. �

+

�
�

��� � &
� �
�

��� � � � 
��

K"œZSU{ ndXeTWLH•‘XeTRS�hiS”XZVR^OTRS+hi[eT PR^OcOcš[]T>VYNk\Ht�y<yšK •

|

Xe\OL

v

y3K;•O‚—NkP;VRnOSaXe_ONQgkNQVJ{@VR[bTWS”XeL

cOTRSULONkwlXZVYSUPzS”XZTRgQ{

|

LO^OTWNk\Ot˜VYnHS cHTRSlLHNkw”X VYS•– TRSlXeL+Xe\HL™LONQPRcdX VYw‰n P>V‰XeteS ‚ Xe\OL LHNkPRwlXeTRLu[]cšSlTRXZVYNQ[]\OP

t]^dXeTWLOSlL@^O\OLHSlT�� XegQPRSe“

v

NkPRwlXeTRLHNk\Ot™[]c3SUTYXZVRNk[]\HP‘S”XZTRgQ{aNQ\ VYnOS—cONkcšSlgQNk\OSIcOTRS•†]SU\qVRP„VYnOSU` hiTR[e`

PR^OcšSlT
�

^O[]^OPWgQ{@TWSlPRSUTW†xNk\HtaVRnOSoTRSlPW[]^OTWwlSlPIVYndX VIXeTRSo^OPWSlLbgfXZVRSlT„Nk\�VRnOSocONkcšSlgQNk\OSZ“

ƒ�Xe_OgkS$0H“87—pq^dXZ\qVRNQjdSUP�VYnOS„^HVRNkgQN5/”X VYNk[e\u[Zh3NQ\OLONŽ†€NQLO^dXegxcONQc3SUgkNk\HS‘PWVYXet]S„TWSlPR[e^OTRwUSlP<c3SUTˆcOTWSlL€–

Nkw”X VYSlL�[ec3SUTYXZVRNk[]\*“ �d[]T—X t]NQ†eSl\�_šSl\Ow‰nO`rXeTWœ

|

TW[ •9‚;Xe\OL�cONQc3SUgkNk\HS™TWSlPR[e^OTRwUS

|

wl[]gQ^O`a\ ‚••šVYnOS

wl[]TWTRSlPWc3[e\OLONk\HtaVYXe_OgkS—Sl\mVYT>{@PRnO[ •˜P˜VYnOS cšSlTWwlSl\mVYXet]Su[ehCLH{x\dXe`aNkw []cšSlTRXZVYNQ[]\OPsNQ\@VRnOSo_3SU\Ow‰n€–

` XeTWœ VRndXZV�^HVRNkgQN5/lS�VYnHNkPžcONQc3SUgkNk\HSrTWSlPR[e^OTRwUSe“$K�t]NŽ†]SU\ cHNkcšSlgkNQ\OSaTRSlPW[]^OTWwlS@NkP+^€VYNkgQN5/USlL$_m{ X

t]NQ†eSl\$[]cšSlTRXZVYNQ[]\ []\OgŽ{�NQhEVYnOSr[]c3SUTYXZVRNk[]\ NQP™\O[ZV™\q^OgQgkNŽjdSlL XZVuPR[]`aSaS”XeTWgkNkSUT PWVYXet]S LH^OSaVR[’X

�šXZgkPRS cHTRSlLHNkw”X VYSe“

ƒzXZ_OgkS*0€“87

|

Xm‚9PWnO[ •˜PoVRnOS�TRSUPR[]^OTWwlS�TRSUpq^ONkTWSl`aSl\mVYP;hi[]T;VRnOS

Œ

–~•˜NkLOS+_OXePRSUgkNk\HS+cOTR[xwlSUPRPW[]Tl“

��/

Š



Benchmark FETCH DISPATCH DECODE REGISTER EXECUTE EXECUTE EXECUTE EXECUTE WRITE
READ INT FP MEMORY BRANCH BACK

cjpeg 100 100 100 100 68.1 0 26.29 5.61 33.52
djpeg 100 100 100 100 71.98 0 25.64 2.38 82.75
epic 100 100 100 100 63.21 14.44 11.89 10.46 96.19
unepic 100 100 100 100 58.26 6.97 28.82 5.96 62.01
g721encode 100 100 100 100 79.71 0 17.31 2.98 66.34
g721decode 100 100 100 100 80.53 0 16.77 2.69 70.95
ghostscript 100 100 100 100 64.59 0.7 26.48 8.22 64.53
gsmdecode 100 100 100 100 87.68 0 9.94 2.37 78.09
gsmencode 100 100 100 100 84.87 0 14.37 0.76 50.14
mesamipmap 100 100 100 100 43.33 15.21 35.97 5.5 81.96
mpeg2dec 100 100 100 100 66.23 0 27.24 6.53 68.25
mpeg2enc 100 100 100 100 90.2 0.43 6.14 3.23 64.16
pegwitdec 100 100 100 100 81.65 0 15.36 2.99 76.91
pegwitenc 100 100 100 100 77.29 0 19.91 2.8 52.92
rasta 100 100 100 100 58.84 9.93 21.62 9.6 89.56
rawcaudio 100 100 100 100 90.53 0 7.56 1.9 73.13
rawdaudio 100 100 100 100 88.59 0 9.11 2.3 74.88
Average 100 100 100 100 73.86 2.8 18.85 4.49 69.78

Benchmark FETCH DECODE PRED. READ REGISTER EXECUTE EXECUTE EXECUTE EXECUTE WRITE
& DISPATCH READ INT FP MEMORY BRANCH BACK

cjpeg 100 100 100 53.93 39.81 0 11.71 2.41 33.52
djpeg 100 100 100 83.12 59.01 0 21.78 2.33 82.75
epic 100 100 100 98.39 62.41 14.18 11.49 10.31 96.19
unepic 100 100 100 68.78 43.01 2.55 17.68 5.54 62.01
g721encode 100 100 100 74.46 58.07 0 13.63 2.75 66.34
g721decode 100 100 100 77.68 61.55 0 13.56 2.56 70.95
ghostscript 100 100 100 77.98 51.25 0.4 20.45 5.87 64.53
gsmdecode 100 100 100 78.66 69.5 0 6.9 2.26 78.09
gsmencode 100 100 100 50.56 43.46 0 6.41 0.69 50.14
mesamipmap 100 100 100 83.11 34.77 13.51 29.35 5.47 81.96
mpeg2dec 100 100 100 77.45 49.76 0 23.1 4.59 68.25
mpeg2enc 100 100 100 65.21 56.2 0.43 5.84 2.75 64.16
pegwitdec 100 100 100 78.26 61.28 0 14.21 2.77 76.91
pegwitenc 100 100 100 53.87 40.59 0 10.59 2.7 52.92
rasta 100 100 100 93.16 55.04 9.45 19.75 8.92 89.56
rawcaudio 100 100 100 73.15 64.64 0 6.62 1.89 73.13
rawdaudio 100 100 100 74.88 64.61 0 7.97 2.3 74.88
Average 100 100 100 74.27 53.82 2.38 14.18 3.89 69.78

(a) Resource requirements for the baseline processor, P base (4)

(b) Resource requirements for the probabilistic predicate-aware processor, P ppas (4,3,1)
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iadd r1, r1, #4

fload f2, 0(r1)

fadd f6, f6, f2

iadd r1, r1, #4

fload f2, 0(r1)
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fadd f6, f6, f2

Iteration A Iteration DIteration B Iteration C Iteration E
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fload f2, 0(r1)

fadd f6, f6, f2
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fload f2, 0(r1)

fadd f6, f6, f2
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(c) Reads and writes of register (f2) in sample execution

CycLine Assembly Code

(a) Scheduled Code                       (b) SP execution of 5 original loop iterations
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15
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17
18
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20
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22
23
24
25
26
27

iadd r1, r1, #4

fload f2, 0(r1)

iadd r1, r1, #4

fload f2, 0(r1)

iadd r1, r1, #4

fload f2, 0(r1)

iadd r1, r1, #4

fload f2, 0(r1)

iadd r1, r1, #4

fload f2, 0(r1)

iadd r1, r1, #4

fload f2, 0(r1)

fload f2, 0(r1)

4

6

8

10

11

12

13

14

Cyc Instruction

fload f2, 0(r1)

fload f2, 0(r1)

fload f2, 0(r1)

fload f2, 0(r1)

fload f2, 0(r1)

fload f2, 0(r1)

fmove  f2, f4

fmove  f2, f4
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2
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3

3

3 f2

f2

f2
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1
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56 1

Cyc Iteration A Iteration DIteration B Iteration C Iteration E Iteration F Iteration G
rq�con q1,f2,3

iadd r1, r1, #4

rq�con q2,f4,1

fadd f6, f6, f4

fmove f2, f4

fmove f2, f4

fmove f2, f4

fadd f6, f6, f4

fadd f6, f6, f4

fadd f6, f6, f2

fadd f6, f6, f2

fadd f6, f6, f2

fadd f6, f6, f2

rq�con q2,f4,0

rq�con q2,f2,2

rq�con q1,f2,1

rq�con q1,f2,0

(a) SP schedule

(b) contents of queue1 and queue 2
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Cyc

iadd r1, r1, #4

fload f2, 0(r1)

iadd r1, r1, #4

fload f2, 0(r1)

Iteration A Iteration DIteration B Iteration C
1

3
4
5
6
7

Line Assembly Code

iadd r1, r1, #4

fload f2, 0(r1)

fadd f6, f6, f2

rq-con q1,f2,2

rq-con q1,f2,1
fadd f6, f6, f2

iadd r1, r1, #4

fload f2, 0(r1)

rqcon q1,f2,2
fadd f8, f6, f2

rq-con q1,f2,1
fadd f6, f6, f2

fadd f8, f6, f2

fadd f6, f6, f2

fadd f8, f6, f2

rq-con q1,f2,0

iadd   r1, r1, #4

fload  f2, 0(r1)

fadd   f6, f6, f2

fadd   f8, f6, f2

Original loop body
before SP scheduling

3

5

6

7

8

Value readCyc Instruction

fload f2, 0(r1)

fadd f6, f6, f2

fload f2, 0(r1)

fload f2, 0(r1)

queue 1 before instruction queue 1 after instruction
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0     
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f2

f2

f2

f2
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f2
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f2

f2

f2

1

1

1

1

1

12

2

2

2

2

3

3

3

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

f2

1

1

1

1

1

1

12

2

2

2

2

2

3

3

3

3
rq-con q1,f2,2
fadd f8, f6, f2

 1

2

2

12

13

14

2

9b

rq-con q1,f2,19a

 

 

f21

 

f21

8

9

10

11

rq-con q1,f2,1

(c)

fadd f6, f6, f2

fload f2, 0(r1)

f22

 

fadd f8, f6, f2

(a) (b) SP schedule

Contents of queue 1
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