








































































































Time| A M B Time A M B
0 opl 0 opl
1
1
2 | op2
3 op3 2 op2
2 3 op3
5 op4 4
6 | op5 5 op4 | op5
7 op6 op7 6 op6 op7




Mime| A| M| B Time A M B
| 0 | op5| opl op3

1 | op4| op6 0 P opl

) Top? 1 |op4]|ops

7 | op3 op? 2 op2 0p6 op7
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DPAS-DDGLatency-Exend(ddg, regiontype, shortlatency, extendedlatency)
[* phase 1. mark mustres bit of each operation */
for each predicated operation node, op, in ddg do
op.mustres =1,
independenceSet = all operations in ddg independent from opl
if(op isdigoint from at least one operation from independenceSet then
op.mustres= 0
end if
end for
/* phase 2: adjust cmpp latencies*/
10 for each cmpp operation outgoing edge, cmpp_outedge) do
11  op = cmpp_outedge.destination;
12 if op.mustres== 1then
13 setlatency(cmpp_outedge, shortlatency)

© oo ~NOOOULh,WNPRE

14 ese
15 setlatency(cmpp_outedge, extendedl atency)
16 endif

17 endfor










] may may must
Time Res 1 Res 2 Res m

0 | opl op2: pred_exprOl op3 | true

1 op4 : true

n op5 pred_exprn2










C1: pl,p2 = cmpp(tl < 10) if pO
Al: t2=t1+t0if p1

A2: 13 =11 & 0x8 i pl

A3: t3 =11 << Ox21p2

M1: store(t2, A, t3) if p0

B: if(t3<1)goto...

(a) Assembly code

1/2

(b) Data DependenceGraph

1/2

Operation

Priority

C1l

2

Al

A2

A3

M1

B

1
1
1
0
0

(c) Heightbased pority order

Time A M B Time Amay Mmay Bmay Fwimust | pyzmust | pyygmust
0 c1 0 Ccl  [pl|p2
1 Al 1
2 A2 2 |Aa1 A3 [pyp2
3 A3 3 A2 pl
4 M1 B 4 M1 [p1p2 B [p1]p2

(d) Baseline LS

(e)‘Extend-all DPALS










Time Amay mmay Bmay Fwimust | pFyy2must | F\p\/3must
0 Ci plp2

1 Al pl|p2

2 A2 A3 | plp2

3 M1 | plp2 plip2













Time Amay M may B'T'ay FW;I_"USI Wzmus! must
0 opl | pl]|p2
1
2 | op2 |pl|p2
3 op3 | pl|p2
4
5
6
7 | opd | pt H
8
Time Amay M may B may
0 op3 opl
1 | opa | ops
2 op2 op6 op7







Benchmark

Description

cipeq JPEG image compression

dipeq JPEG image decompression

epic Efficient Pyramid Image coder

unepic Efficient Pyramid Image decoder

g72lencode ]G.721 voice encoder

g721decode |CCITT G.721 voice decoder

ghostview PostScript Interpreter & 38 & 107 & 91

gsmdecode |GSM 06.10 full-rate speech decoder

gsmencode |GSM 06.10 full-rate speech encoder

mesa 3-D graphics library

mpeg2enc MPEG?2 video encoder

mpeg2dec MPEG?2 video decoder

pegwitenc public key encryption

pegwitenc public key decryption

rasta program for the rasta-plp processing

rawcaudio Adaptive Difference Pulse Code Modulation compression
rawdaudio Adaptive Difference Pulse Code Modulation decompression










Benchmark | Sleas | CPL1 | CPL2 | CPL3 | ReSMSLpas [ ReSMSLgpass | Ilbams | RecMII1 | RecMII2 | RecMII3 | ResMlilbams | ReSMlldpams
|cipeg 67.42 56.13] 61.35 66.13 60.51 54.26] 10.00 1.00 1.00 1.00 10.00 7.00
|dipeg 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
lunepic 20.72 18.99 19.17 20.72 8.15 7.04] 6.00 1.00 1.00 1.00 6.00 5.00
g72lencode 33.62| 22.87] 2512 27.29 28.58 20.66] 30.00 1.00 1.00 1.00 30.00 21.00
g72l1decode 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
agsmdecode 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
peqgwitdec 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

(a) Scheduling Headroom for P(4)

Benchmark SLpais CPL1 | CPL2 CPL3 | ResMSLpqs ResMSLm llhams | RecMIlI1 | RecMII2 | RecMII3 | ResMllpams | ResMllgpams
|cipeq 54.98 56.13] 61.35 66.13 30.44 29.09] 5.00 1.00 1.00 1.00 5.00 4.00
|dipeg 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
g72lencode 26.45 22.87] 2512 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] 2121 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

(b) Scheduling Headroom for P(6)
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for(i=0;i < N; i++)
{
Iv=A[i];
if (Iv<20){
a=0;

if (Iv>10){
a=Iv+2;
}
if (lv==14){
a=Iv-4;
}
}
else{
a=Iv|0x7;
}
if (a==0){
t=atlv;
Alil =t;
}
}

(a) Original C source code

(c) Data Dependence Graph

Al:i=i+4if p0

M1:lv =load(i, A) if pO

C1: p1,p2=cmpp(lv <20)if p0
A2: a=0if p1

C2: p3=cmpp(lv > 10)if p1
A3: a=Iv+2if p3

C3: p4 =cmpp(i == 14)if p1
A4: a=Ilv-4if p4

A5: a=Iv|0x7if p2

C4: p5=cmpp(a==0) if pO
A6:t=a+lvif p5
M2:store(i, A, t) if p5

B: if(i <400)goto Alif pO

Predicates Freq. Operation Freq. HBPr
pl: 02 Al: 10 10
p2: 08 M1l: 1.0 9
p3: 0.09 Cl. 10 7
p4: 0.01 Cc2: 10 6
p5: 0.11 C3: 10 6
A2: 02 5
A5 :08 5
A3:  0.09 5
A4: 001 5
C4: 10 4
A6 011 1
M2: 0.11 0
B: 10 0

(b) Assembly code

(d) Activation and execution frequencies




Time A M B Time A M B Time A M B
0 nAAl 0 nAl 0 n2:A3 n2:A4 n3C4
1 n1:C4| nM1 1 n1A3 nM1 1 nAl
2 n1:A6 2 n1:A4 2 n1.C2 nM1
3 nCl | nr1:M2 3 nC1 3 n1.C3 n-3:A6
4 nCc2 4 n1.C4 4 nCl n3:M2
5 nC3 5 n2:A6 5 n1A2 n1:A5 nB
6 nA3 6 ne2 n2:mM2 0.42 expected delay due to conflicts
7| na4 7 nc3
8 | nA2 8 [nA2 nas nB
9 n:A5 nB

(a) Baseline 11=10 (b) Determinisitc PAMS 11=9 (c) Probabdistic PAMS |lexpected=6.42
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m others
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> > | REG [ " WRITE

FETCH —| DISPATCH — DECODE |—| READ —*| EXECUTE BACK
| | | i

> “|PREDREAD /[ ~| REG [ WRITE

FETCH [—{ DECODE —»| o rcy | READ [—*| EXECUTE BACK
" | i |

o
Y [

= | PREDREAD/ | | REG | " WRITE

FETCH {—»| DECODE [—» <o, [— READ [ EXECUTE BACK
| | | ]

A

Y

stall

stall

conflict conflict
detection recovery,

Resource Conflict Detection and

Recovery Unit




Alif1[A2if1|A3if1|A4if0|A5if 1
0 Al A5 Alif1|[A2if1 | A3if1|A4if0|A5if1
1 A2 Al A5
2 A3 A2 A3
ALU1 ALU2 ALU1 ALU2

(a) one operation passigned-U

(b) one operation per afyJ (not evaluéed)
















PPAS-DDGLatency-Extend (ddg, regiontype, shortlatency, extendedlatency)

©oO~NOOhS~WNEPRE

15
16
17
18
19
20
21
22
23
24
25
26

[* phase 1: mark ‘mudres’ bit of each opeation */
for each predicated opeation nodeopl, inddg do
opl.nugres=0
if oplis unmnditiond cmppthen
opl.nudres=1
end if
if regiontypeis acyclic then
indegpendenceSd = al opeationsin ddgindependent from opl
if indgpendenceSed is empty then
opl.nugres=1
else
if there exists other opaation, op2, inindependenceSe s.t. dday due to conflict
that results from combining opland op2islessthan 1.0
opl.nugres=0
end if
end if
end if
[* phase 2: adjug cmpp latendies */
for each cmpp operation ougjoing edge cmpp_ouedgedo
opl =cmpp_ouedgedestination;
if opl.nugdres == 1then
setlatency(cmpp_ouedge shortlatency)
else
setlatency(cmpp_outdge extendedlatency)
end if
end for


































Eliminate-Redundant-Conditions(ev)
1 for each element, evl, of evdo
2 for each element, ev2, which isnot evl, of evdo
3 if evl and ev2 predicates imply each other then
4 if evl and ev2 have the same boolean values then
5 eliminate evl
6 dse
7 return False /* illega vector */
8 end if
9 end if
10 if ev2 predicate implies evl predicate then
11 if evl has boolean value F and ev2 has boolean value F then
12 eliminate evl
13 end if
14 if evl has boolean value F and ev2 has boolean value T then
15 return False /* illega vector */
16 end if
17 end if
18 if evl and ev2 predicates are disjoint then
19 if evl has boolean value T and ev2 has boolean value F then
20 eliminate ev2
21 end if
22 if evl has boolean value F and ev2 has boolean value T then
23 eliminate evl
24 end if | pLAL | | p2if (cond2) |
25 if evl hasboolean value T and ev2 has boolean value T then
26 return False/* illega vector */
27 end if ~ | psnz || pens |
28 end if
29 end for
30 end for pl, p2 = cmpp(condl)
31 if evcontains complete disoint set of predicates pl, p2, ..., pn Alif pl
32 in ev, st. corresponding evl, ev2, ..., evn have boolean value F then p3,p4 = cmpp(cond2) if p2
33 return False A2 if p3
34 endif .
35 return Trueand ev A4if p4
(a) Algorithm pseudo-code (b) Example of acomplete set of disjoint

predicates






least common ancestor
of p0, p3, p4 and p5 nodes

/

() PRG with D-edgeseliminated (b) Subtreeof PRG (shaded) corregponding
to ev= (pO=T, p3=F, p4=T, p5=T)
























PPALS-MainScheduler(oplist, ddg)

1 For every opin oplist, use ddgto initialize MinTime and compute priorities
2 ready oplist = all opeationsin oplist with no incoming edges

3 CurrSchedLen =0;

4 whileready _oplist is not empty do

30
31

hpr_ready oplist= highest priority opeationsinreay oplist
if ‘extend-all’ PPALSthen

curr_op= hpr_ready _oplist.pop()
else if ‘best-fit' PPALSthen

curr_op= LeagCombiningPotential(hpr_ready oplist)
end if
compute MinTime for curr_op
minCurrSUncrease =1 /* minimumcurrent schedule length increase */
for t= MinTime; t <= MaxTime; t++ do

for each resource alternative, resource_alt, onwhich curr_opcan be scheduled do

if resource_alt is available at time t then
if t <= schedule time of the latest scheduled operation so far then
CurrSUncrease = compute delay due to conflict incurred from scheduling
curr_opintimetonresource alt

else /* increases dday dueto conflict component of current expected SL */
CurrSUncrease=1 /* increases static component of current expected SL*/
end if

if CurrSUncrease <= minCurrSUncrease then
minCurrSthedlncrease = CurrSUncrease
tin=t
minresource_alt = resource_alt
end if
end if
end for
end for
Schedule curr_opintimet ; onminresource_alt
Updéde ready _oplist with the ready successors of curr_op;

32 end while
















C1: p1,p2 =cmpp(tl < 10)if p0
Al: t3=tl1+t2if pl

A2: t3=t1-t2if p2

A3: t4=12 | 2if p2
M1:store(t4, A, t3) if p0

C2: p3=cmpp(t5 > 20)if p0
A4: 16 =t5& 0x7if p3

A5: t7=t6+1if p3

M2: store(t8, B, t7) if p0

B: if(t3<1)gao...

(a) Assembly code

(b) Data Dependence Graph

Predicates Freq. Operation Freq. HBP
pl: 09 C2: 10 5
p2: 0.1 C1: 10 4
p3: 0.25 A4: 025 2
Al: 09 1
A2: 01 1
A3: 01 1
A5: 025 1
M1: 10 O
M2: 10 O
B: 10 O

(c) Execution and activation frequencies
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Scheduling A4

Scheduling A1

Scheduling A2

Scheduling A3

Scheduling A5

hpr_ready_oplist | hpr_ready_oplist hpr_ready_oplist hpr_ready_oplist hpr_ready_oplist
A47p3 A1?pl A27p2 A37p2 A5?p3
A2?2p2 A37p2 A5?p3
A3?p2 A5?7p3
A5?p3
Time| Sched  CSLI Sched CSLI Sched CSLI Sched CSLI Sched CSLI
0 Cc2 Cc2 Cc2 Cc2 C2
1 Cl Cl Cl Cl Cl
2
3 A472p3 1.0 A4?p3 A4?2p3 A47p3 A4?7p3
4 Al1?2pl 1.0 Al?pl A2?2p2 0.0 |A1?7p1A2?p2A37p2 0.2 [Al1?pl A2?p2 A37?7p2
5 A2?7p2 1.0 A3?2p2 1.0 A5?p3 1.0
CSL 4 5 5 5.2 6.2
(a) Scheduling record of AA1, A2, A3 ard A5 (CS.1 —current scheduléength ncrease)
Time A M B CflDel
0 C2 0
1 Cl 0
2 0
3 A4?7p3 0
4 |A17p1 A27p2 A3?7p2 0.2
5 A5?p3 M1 0
6 M2 B 0
0.2 expected delay due to conflis

(b) Complete ehedule













LeastCombiningPotential(hpr_ready oplist)

1 for each operation, op, in hpr_ready oplist do

2 if (opiscmpp operation) then

3 return op

4 end if

5 endfor

6  mincombiningpotential = +inf

7  for each operation, opl, in hpr_ready oplist do

8 combiningpotential = 0

9 for each operation, op2, which isnot opl, in hpr_ready oplist do
10 if(oplisNOT digoint from op2) then

11 combiningpotential -= CflDelay from combining opl and op2
12 else

13 conbiningpotential +=1

14 end if

15 end for

16  if combiningpotential < mincombiningpotential then

17 mincombiningpotential = combiningpotential

18 op_mincombiningpotential = opl

19 endif

20 end for

21 return op_mincombiningpotential







Scheduling A4

Scheduling A5

Scheduling A3

Scheduling Al

Scheduling A2

hpr_ready LCP |hpr_ready LCP hpr_ready LCP hpr_ready_oplist LCP | hpr_ready_oplist LCP
A4?2p3 — Al?pl 1.55 Al?pl 2 Al?pl 1 A27p2 —
A27p2 0.75 A2?7p2 0.8 A2?7p2 1
A3?7p2 0.75 A3?p2 0.8
A5?7p3 -0.55
Time| Sched CSLI Sched CSLI Sched CSLI Sched CSLI Sched CSLI
0 C2 Cc2 C2 Cc2 C2
1 |C1 A4p3 2.0 C1l C1l C1 C1
2 A4?p3 1.0 A4?p3 A4?p3A37p2 2.0 A4?p3 A4?7p3
3 A5?p3 1.0 |[A5?7p3 A3?p2 0.5 |A57p3 A3?7p2 Al?pl 3.5 | A5?p3 A3p2A2?7p2 3.5
4 A3?p2 1.0 Al?pl 1.0 Al?pl A2?p2 0.0
5 A2 ?p2 1.0
CSL 3 4 4.5 5.5 5.5
(a) Scheduling record of A4, AB3, Al and A2 (CSLI-currentschedule length increase)
Time A M B | CflDel
0 C2 0
1 Cl 0
2 A47?p3 0
3 A5?7p3 A3D2 0.5
4 Al?pl A2P2 M2 0
5 M1 B 0
0.5 expected deby due to conficts

(b) Conplete schedule
















ppams-Main()

1 iy = Max(ResMil s RECMIl o)

2 llygh = max(ResMlly, e RecMIlp,m)

3 whilellhigh—II|OW> smalldelta do

4 Hiddie = (Mhigh + Hiow) / 2

5 if ppams-FindSchedule(ll ;44e == truedo
6 Hhigh = Hridaie

7 else

8

9

Hiow = middie
end if
10 end while
11 return g,

PPAMS-FindSchedule(ll peyeq)

1 for gy = ceiling(max(WidthResMII, RecMIl ,00));

2 Hatc < FOON(H gperea) + 1 N gagct+) do

3 ”CfIDday: ”@(pected - ”static

4 if PPAMS-IterativeScheduler(llg,g, llcnpeay)==Truethen
5 return True

6 end if

7 endfor

8 return False







Schedule Res ervation Table

Schedule Res ervation Table

Schedule Res ervation Table

Time A M__| Cfibelay Time A M | chipelay Time A M | cfiDelay
0 Al 0 AL 0 Al
1 M1 1 M1 1 M1
2 2 2
3 C1 3 Cc1 3 C1
4 C2 4 c2 4 c2
5 C3 5 Cc3 5 Cc3
6 6 6
7 A27p1 _A5?p2 7 A27pl A5p2 7 A27pl A57p2
8 A3?7p3  A4?7p4 0.0018 8 A3703 A47pA 8 A37p3 A42p4
9 0.02 9 20 9
10 0.02 10 20 10
11 0.02 11 20 11
12 0.02 12 20 12
13 0.02 13 20 13
14 14 c4 0.1991 14 c4
15 15 15
16 16 16
17 17 17 AB 0.22
18 18 18 M2 0.22
19 19 19 0.22
20 20 20 invalid
21 o1 21 022
22 22 22 022
23 >3 23 022
Modul 0 Reservation Table Modul 0 Reservation Table Modul 0 Reservation Table
Time A M CflDel ay Time A M CfiDel ay Time A M CfiDel ay
0 n:Al 0 0 n:Al 0 0 nAl n-3mM2 0
1 n-1A2 n-1A5 | n:M1 0 1 n-1:A2 n-1A5 | nM1 0 1 n-1A2 n-1A5 | nm1 0
2 n-1A3 n-1A4 0.0018 2 n-1A3 n-1:A4 n-2:C4 0.1991 2 n-1A3 n-1:A4 n-2:C4 0.1991
3 n:.Cl 0 3 n:Cl 0 3 n:Cl 0
4 n:C2 0 4 n:c2 0 4 n:c2 0
5 n:C3 0 5 n:C3 0 5 n:C3 n-2:A6 0.22
0.0018 | _expeced delay dueto conflicts 0.1991 expeced delay dueto conflicts 04191 expeced delay dueto conflicts

(a) Scheduling A4

(b) Scheduling C4

(c) Scheduling A6



















Benchmark SLpais CPL1 | CPL2 CPL3 | ResMSLpqs ResMSLw llhams | RecMII1 | RecMII2 | RecMII3 | ResMlilpams| ResMllgpams
Icipeq 46.11 37.20] 41.51 46.00 40.80 30.55| 6.49 1.31 1.62 1.93 6.49 4.69
Idipeg 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] 1254 13.58 5.67 5.51] 21.41 2.16 2.54 2.93 21.02 16.38
lunepic 20.11 18.43] 20.52 22.70 7.75 6.06] 13.27 1.00 1.00 1.00 13.27 10.52
g72lencode 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
lahostscript 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
Impeg2dec 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] 1255 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
(a) Scheduling Headroom for P(4)
Benchmark SLbais CPL1 | CPL2 CPL3 | ResMSLyqs ResMSL% llhams | RecMII1 | RecMII2 | RecMII3 | ResMllpams| ResMIlypams
cipeg 38.06] 37.20] 41.51 46.00 20.60 20.48| 3.40 1.31 1.62 1.93 3.24 2.64
Idipeq 11.47 10.41] 12.13 13.33 6.25 6.10] 29.32 1.00 1.00 1.00 29.32 25.18
lepic 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
g72lencode 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
lghostscript 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

(b) Scheduling Headroom for P(6)
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cmpplatl cmpplat2 cmpplat3
Benchmark |l SLoais | Slapais | SLppais s | SLppais ¢ | SLppais a| %err || SLapais | SLppais s | SLppais ¢ | Sbppais o] %err || SLapais | SLppais s | Slopais ¢ | SLopais a| %err
cipeq 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
|dipea 14.03) 13.69 13.25 13.2& 13.25] -0.23 13.8ﬂ 13.47 1351 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
lunepic 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| 0.00f 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 15.0ﬂ 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 1497)] 1497 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 1291 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
(a) 4-wide machine
cmpplatl cmpplat2 cmpplat3
Benchmark || SLoas || SLapais | SLppais s | SLopais ¢ | SLppais | %err || SLapais | SLppais s | SLopais ¢ | Stopais af %err || SLapais | Slopais s | Slppais ¢ | Skopais a| %err
|cipeg 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
|dipeg 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
lunepic 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
g72lencode 23.60) 22.82 22.68] 2268 2268] 0.00| 23.46 23.25 23.25] 2325] 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] 2296 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] 3426 -0.06] 34.45 34.45 3445 3445] 0.00| 34.45 34.45 34.45 34.45| 0.00
peqwitdec 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 1491 1491 14.91 0.00 14.92 1491 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

(b) 6-wide machine
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cmppcombthl cmppcombth?2 cmppcombth3
Benchmark || SLoas || SLapais | SLppais s | SLppais ¢ | SLppais a | %err || SLapats | SLppats s | SLppais ¢ | SLppais o %err || SLapais | SLppais s| SLppats ¢ | SLppais a | %err
|cipeq 46.11)( 4401 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
|dipeg 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
lunepic 20.11j[ 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
g72lencode 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 15.14f 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
asmdecode 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] 0.00f 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
cmppcombthl cmppcombth?2 cmppcombth3

Benchmark || SLoais || SLapais | SLppas s | SLppais ¢ | SLppais @ | %err || SLopais | SLopais < | SLppais | SLppais a %err || SLapais | SLopais o| SLppais ¢ | SLopais o | %err

lcipeq 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
|dipea 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
lunepic 19.76) 19.76 19.76 19.76 190.76] 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] 0.00f 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] 0.00f 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] 0.00f 25.08 24.82 24.82 24.82] 0.00] 25.08 25.06 25.06 25.06 0.00
mesamipmap 40.44f 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 1191 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
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Benchmark BRec BRes Bll Besc_[Brr DRec |DRes |DII Desc_|Drr PRec |PRes |Plls Plic__|Plld Yeerror _|Pesc_|Prr

|cipeg 1.31 6.49 6.49] 2.00] 10.74f 1.93 5.89| 6.35] 2.44| 13.57] 1.93 4.69 5.71] 5.71 572 0.18] 3.74] 14.91
|dipeg 1.00 58.64 58.64] 1.00| 28.38|| 1.00] 53.17f 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| 19.10f 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
g72lencode 1.00 30.00 30.00] 1.00] 12.00ff 1.00] 21.00] 23.50] 3.00] 21.50f 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| 12.00f 1.00] 21.00f 23.00] 4.00f 24.00| 1.00f 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 23.79l 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] 27.00f 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| 17.11f| 1.00] 25.85] 25.85] 1.85] 15.96) 1.00f 18.70| 20.96| 23.21] 23.78 2.46] 2.96] 31.10
mpeg2enc 2.97 20.27 20.27) 1.00| 8.21f| 4.93| 17.31f 17.31] 1.98[ 10.19)l 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|f 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| 12.00f| 30.00] 22.00{ 32.00] 3.00{ 20.00Jl 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| 13.00ff 10.00] 18.00{ 18.00] 3.00{ 18.00)l 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| 14.84f 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 Bll Besc_|Brr__[[DRec |DRes |DII Desc_|Drr__[lPRec [PRes [Plls _[Plic_ |Piid__ [%error [Pesc_[Prr

|cipeg 131 3.24/ 3.40] 3.49] 1477 1.93 3.05] 3.82 4.5& 18.74) 1.93 2.64/ 3.82| 3.82 3.82 0.00] 4.58] 18.74
|dipeg 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} 4431
|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
g72lencode 1.00 15.00 15.00{ 2.00] 16.50) 1.00{ 12.00| 13.00f 3.50| 23.50| 1.00] 11.14f 12.50f 12.50] 12.50 0.00] 4.50] 25.50
g721decode 1.00 15.00| 15.00{ 2.00] 16.50| 1.00{ 12.00f 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| 21.84f 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| 18.22f| 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 11.12f 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 197 10.84 10.84] 1.05| 15.03| 1.45 9.84] 9.84] 1.22f 19.30| 1.97 7.73] 7.89] 8.09 8.11 0.25] 6.03| 29.86
pegwitenc 161 10.01 10.01f 2.59] 23.94) 1.57 9.62] 9.62] 3.30] 22.20| 1.61 8.10] 8.41] 8.48] 861 1.53] 5.08] 28.79
rasta 3.02 3.56 3.57] 3.26] 11.63| 4.14 3.56] 469 2.88] 1099 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 l3.06| 30.00] 11.00] 30.00f 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] 11.00f 3.00| 17.00]l 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‘81ﬂ] 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
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Benchmark | FETCH | DISPATCH| DECODE | REGISTER |EXECUTE| EXECUTE | EXECUTE| EXECUTE| WRITE
READ INT FP MEMORY | BRANCH BACK
cipeq 100 100 100 100 68.1 0 26.29 5.61 33.52
dipeg 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
g72lencode 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
lgsmencode 100 100 100 100 84.87 0 14.37 0.76 50.14
mesamipmap 100 100 100 100 43.33 15.21 35.97 55 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
(a) Resource requirements for the baseline processor, P pase (4)
Benchmark | FETCH | DECODE | PRED. READ | REGISTER | EXECUTE| EXECUTE | EXECUTE| EXECUTE| WRITE
& DISPATCH READ INT FP MEMORY | BRANCH BACK
cipeg 100 100 100 53.93 390.81 0 11.71 2.41 33.52
dipeg 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
g72lencode 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 27 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

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














































time

iteration 1

iteration 2

iteration 3

Prologue

iadd r1, rl #4

fload f2, O(r1)

iadd r1,rl #
fload f2, O(r1)

Kernel

fadd f6, 6, f2

jadd r1,rl #
fload f2, O(r1)

Epilogue

10

fadd 6, f6, 2

fadd f6, 6, f2
















Map Table
pri 1
RO 1 2
R1
([
([
([

/V

Register Queues

tail
1| Pr|pPr P, P, Queug
[ ] read
position
° (Qtail+ro)

tail
Plna) Queue

Physical Register File
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11
12

Assembly Code

rq-connect g1, f2, 1
iadd r1,rl, #4
fload 2, 0(rl)

iadd r1,rl, #4
fload f2, 0(rl)

fadd
iadd
fload

f6, 16, f2
rl, rl, #4
f2, 0(rl)

fadd f6, 16, f2
rq-connect q1i, 12, C
fadd f6, 16, f2
rq-connect 0, f2, 0

(a) Scheduled Code

Cyc lIteration A

Iteration B

Iteration C

Iteration D

Iteration E

rq-con q1,f2,1

iadd r1, r1, #4

fload f2, O(r1)

jadd r1, rl, #4

fload 2, O(r1)

fadd f6, 16, f2

iadd r1, r1, #4

fload f2, O(r1)

fadd f6, 16, f2

iadd r1, r1, #4

fload f2, O(r1)

fadd f6, 16, f2

jadd r1, r1, #4

fload f2, O(r1)

fadd f6, 16, f2

rg-con q1,f2,@

fadd f6, f6, f2

rg-con 0,f2,0

(b) SP execution of 5 original loop iterations

Cyc Instruction

3

5

6

10

11

12

14

gueue 1 before instruction

fload f2, 0(r1) IF

fload f2, 0(r1) I?

fadd f6, 16, f2 I?

fload 2, O(r1) I?

fadd f6, 16, f2 IT

fload 2, 0(r1) |T

fadd f6, 16, f2 IF

fload f2, 0(r1) W

fadd f6, 16, f2 I?

fadd f6, 16, f2 I?

- - - ,? - - - |2
- - N 2] 2] - - |2, | 2
- - |2y |12 2] - - |2, |12
- - |2y | 12 1] - 23 |12, |2
- |25 |12, | 12 1] - 23 |12, |2
- |25 (2, | 12 0] 2, |25 |2, |2
f2, |25 |12, | f2; 0] 2, |25 |2, | f2;
f2, |25 |12, | f2; 3] 2, | 125 |2, | f2g
2, |25 |12, |25 3] f2, |25 |2, | f2g
f2, |25 |12, |25 3] f2, |25 |2, | f2g

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

gueue 1 after instruction Value read

2,

2,

25

2,

f2,















Cyc

[EEY

O©oo~NOULhWN

Iteration A Iteration B lIteration C Iteration D lteration E Iteration F Iteration G
rq con q1,f2,3
rg con g2,f4,1
jadd r1, r1, #4
fload 2, 0(r1)
iadd r1, r1, #4
fload f2, O(r1)
jadd r1, rl, #4
fload f2, O(rl),
jadd r1, rl, #4
fload f2, 0(rl)
fmove 2, f4 jadd r1, r1, #4
fload 2, 0(r1)
fmove 2, f4 iadd r1, r1, #4
fload f2, O(rl),
fadd f6, f6, f4 fmove 2, f4 jadd r1, r1, #

fload 2, O(r1)

fadd f6, 16, f4

rq con g2,f4,0

fadd f6, 16, f4

fadd f6, 16, f2

rq con g2,f2,2

fadd f6, 16, f2

rq con q1,f2,1

fadd f6, 16, f2

rq con g1,f2,0

fadd f6, 6, f2

(a) SP schedule

Cyc

Instruction

4 fload f2, O(r1)

6 fload f2, O(r1)

8 fload f2, O(r1)

queue 1 after instruction

queue 2 after instruction

10 fload f2, O(r1)

11

12

13

14

fmove f2, f4
fload f2, O(r1)
fmove f2, f4

fload f2, O(r1)

3 2, ‘ 0 ‘
5 f2, | f2, ‘ 5 ‘
1 2, |12, | 2, ‘ 5 ‘
o112 |12 |12, [ 124 5 ‘
o1t |2 |2 |2 2 2, ‘
o112 |2 |12 |25 ‘ 2 2, ‘
o112 |25 |12 | 25 ‘ 5 f2, | f2,

o112 | 25 | 25 | 25 ‘ 5 2, | f2,

(b) contents of queuel and queue 2










Line Assembly Code  Cyc lIteration A lIteration B IterationC lIteration D

. 1| rg-con q1,i2,1
1 [(iadd r1,r1, #4 2 iadd 11 11, #4
2 |fload 2, 0(r1) 3| fload f2, O(r1)
3 fadd f6, f6, f2 4 jadd r1, r1, #4
5 fload 2, 0(r1)
4 |fadd f8, 16, f2 6/ fadd 6, 16, 12 iadd r1, r1, #4
7 fload f2, O(r1)
) rg-con q1,f2,2 jadd r1, rl, #4
fadd f8, 6, f2
9 rg-con g1,f2,1 fload f2, 0(r1)
fadd f6, 6, f2
rqcon q1,f2,2
10 fadd 18, 6, f2
rg-con q1,f2,1
11 fadd f6, 16, f2
12 fadd f8, 6, f2
rg-con q1,f2,Q
13 fadd 16, 16, 2
. 14 fadd f8, 16, f2
@) Original loop body
before SP scheduling (b) SP schedule
Cyc Instruction  queue 1 before instration queue 1 after instruction Value read
3 fload f2, O(rl)W - - - - E - - - |
5 fload f2, O(rl)g - - - E - T2y | 12
6 faddf6f6,25] - | - |2 | 2] | |2 | f2,
7 fload f2, O(rl)E ) T2, |24 E S| g |12 | T2 -
rq-con ql,f2,2 j j
8 fadd 18, 6, 12 E f23 |2, |2 W f23 |2, |2 2,
rq-con q1,f2,1 - f2g |2, |2 2, |2, |12
92 fadd f6, 6, 12 |1 | s |2 |4 (L] =[] f2,
Y

(c) Contents of queue 1
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