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Fig.1 Critical Path
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Fig.2 Performance Gap Between Memory and Mi-
croprocessor [6]
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Fig.3 Exchange of the Critical Path
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Fig.4 The Energy Efficient Instruction Scheduling
Exploiting Critical Path Information
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Fig.6 Mode Transition
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Table 1 Processor

Configuration

Fetch Bandwidth

8 instructions

Branch Predictor

1K-set 4-way set-associative BTB, 4K-entry 8-history-length gshare predictor,

64-entry return address stack, 6-cycle miss penalty, updated at commit stage

Insn. Windows

64-entry instruction queue, 32-entry load

/store queue

Issue Width

8 instructions

Commit Width

8 instructions

Functional Units
Latency
(total/issue)

6 Int, 4 FP, 2 Ld,St

fast iALU 1/1, slow iALU 2/1, iMUL 3/1, iDIV 20/19, fADD 2/1, f{CMP 2/1, fCVT 2/1, fMUL 4/1,

fDIV 12/12, fSQRT 24/24,

Insn. Cache

64KB, 2-way, 64B blocks, 1-cycle latency

Data Cache 64KB, 2-way, 64B blocks, non-blocking load, hit under miss, 3-cycle latency
L2 Cache unified, 1IMB, 8-way, 64B blocks, 11-cycle latency
Bus Width 8B

Main Memory Latency | 130-cycle latency

ooooooooobooooooooooooon
0000000 (00 Cache miss #10#43) 0000
poooooooooboOoOoOoOoOoOoOoOoooboooon
00000000 (OO Cache miss #20#4) 000
goboooboooooboobooooboobobooo
gooboooooboobobobobo -0000o
ooo0o0o0oDOoDbOoD0oooDoOOD (oo
Cache miss resoleve #10#3) 00000000000

o000 7(b)0 E-DFUGOO0O0OOOOOOOOOO

DrUGUOOO0OO0O0OOOO0OOoOOoUOoOoOooo
goboocooooooooooobooooooooboo
goooooooooooooboooooooboo
gooooooooooo E-DFUGOOOOoOoOO
gooboobobooboobooooboobooobgoo
gobooobooooboooooboooobooobooon
gobooobooooooooboooobooobooon
0 -000obooobooooboooooboooo
goooocobobooooooooooooooooo



00000000000 ’xx/xx Vol. Jxx—A No. xx

gooboboooobobobooobobooboboo
7(a) 000000000 Cache miss #2, #4000
gooooboobobooobuoobobooobooo
opooooo.

OU0ooOo E-DFUGUUOU0O0OO0OOCOOOOOOO
gooooooboooobryoooobobooooboo
000000000 U0UdOoOoE-DFUGOUOOOOO
000ooooo brFUGOOOOOOOOOOOO
gooooboobooboobog

DFUGO D-DFUGHO00000ODODOO0O0O0O
gooooboobobooobooboboobooo
goboooo0o0ooobboboooooooboboboo
gooboooboooboboboooobobooo
gooboooobooboboboooooogoooboon
00000o000o0U0oooooooooobFUGO
E-DFUGUOU00000OO000O00OO0UUOOooooO
gbooooboooo

3. 0 OO0

goooooooobooooooboooooo
goooooboobobooobooboo,oooboo
00 DFUGO E-DFUGOOO0O0OO0O0OO0OOO. O
000000000 memory extension[2] 00 00O
SimpleScalar Tool Set[1] 0000000000 DO
DFUGOE-DFUGOOO000OOO0ODOOOOOOO0
goooobooboobobob11oboooboo
goboobooebO0O0ObOOObDOODOObODOOD
gooboobobooooobobooooobooog 2
gooooooouo40000D0OCO0OQOBODO
gobooboooboobooboooobboobooo
00 @BD0000000oboOooooooDoDooo
gooboooobooobooboobuoobooboo
go02:1000000000DO0O000ODDOODOO
gooooboobobooobuooboboobooo
goo0db020000000000000D0100O
odoooUooOoooUoOoUoooooooOooo
gobooboooboobooboooobboobooo
goboooboob 2000b000b00obDoOobooboOoon
goooboobooboooboooobooboboooobog

gobooooobuooooboobobobobooo
ooooOooOoooOoo (FPU)DODOOOOODO
goooobooboboooboobobooboo
goooobooboboooboobobooboo
gobooboooboobooboooobboobooo

goboooobooooboooobooboboobooobo
rpPUOOOOOOOOOOODODOO

2.2000000000000000000D0O0OO
gooooooooooboOoo pPITOODOOOOOBO
00 MIPS R10000 0 0000 SimpleScalar/PISA
0o00oooooooooOoooooooog SPEC
2000 CINTOOOOOOO 70000O0O00OOO
go3boooooboooooooooooobboo
gowooo0oooooooooo s000000Oo
gobooobooooooooboooobooobooon
000000000 (Energy-Delay Square Product:
ED?P)[11|0000O0ED*POODODOOOOO
gooobooooboboooooboooooo
gooobcoooooooooooboobooobooobooo
o00o0oooO0oo0ooooOoUoooooooono
ED?’PUOO0O0O0O0O0DOOOOOOOOODOOO
gooooboooooooooobooooooobooo
gobooobooooboooooboooobooobooon
gooo

02 000000000000000O0 (7
Table 2 The Combinations of Supply Voltage and
Clock Frequency [7]

Processor Clock 1.6GHz | 800MHz
Processor Core Vyq | 1.484V | 1.036V
Processor Clock 1.2GHz | 600MHz
Processor Core Vyq | 1.276V | 0.956V

Config A

Config B

03 DOoOooooooooo
Table 3 Benchmark Programs

Benchmark Input Set
gzip input.source
vpr net.in arch.in
gee 166.1

parser ref.in

vortex lendianl.raw
bzip input.source
mcf inp.in
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Table 4 Cache Miss Rate

gzip | vpr gcc | parser | vortex | bzip mcf | average
DL1 cache | 3.5% | 6.4% | 17.1% 4% 1.8% | 3.5% | 40% 10.9%
L2 cache 3.4% | 5.6% | 82% | 16.7% | 1.7% | 20.1% | 52.3% | 15.3%
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Fig.8 Performance Result
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