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Control Independence Architecture Using Dual Renaming

LIN MENG,t NAOKI NISHIKAWA ,tt TAKUO NISHIOKA,*
MasAaTosHI KAMIHARAKO'T and SHIGERU OYANAGI#

Modern Superscalar Processor squashes up all of wrong-path instructions when the branch
prediction misses. In deeper pipelines, branch miss prediction penalty increases seriously
owing to large number of squashed instructions. Exploiting control independence has been
proposed for reducing this penalty. Control Independence method reuses control independent
instructions (CI instructions) without squashing when branch prediction misses. Reusing CI
instructions at branch miss prediction is not easy because of changing data dependency be-
tween squashed instructions and CI instructions. Conventional researches of CI architecture
require complex re-renaming mechanism, or with a limited applicability. This paper proposes
a new simple mechanism named Dual Renaming for reusing CI instructions. It utilizes current
renaming mechanism with checkpointing by assigning two tags for each source register of CI
instruction. The simulation result shows that dual renaming mechanism increases IPCs by
maximum 16.4% and average 6.24%.
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Table 1 Processor configuration

15 stages:
1 Predict, 3 Fetch, 4 Decode,
1 Rename, 1 Dispatch, 1 schedule,

Pipeline 1 Issue, register read/bypass,
1 Execute
1 memory access/register write,
1 commit

Fetch, Decode 4 instructions

Issue Int: 4, fp: 2, mem: 2

Window Instruction window: 64,

Re-dispatch Queue: 64, LSQ :256

10-branch history 32K-entry gShare,
4K-entry 4-way associative BTB,
32-entry RAS

Branch predictor
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Table 2 base processor execution result

drr frag reed_dec reed_enc rtr jped_dec | gcc twolf
Mis/Bra | 0.022160 | 0.030284 | 0.041209 | 0.062034 | 0.026466 | 0.018410 | 0.059365 | 0.028395
Bra/Ins 0.212873 | 0.182125 | 0.182566 | 0.221351 0.238614 | 0.049040 | 0.200361 | 0.360214
IPC 2.315856 | 2.368210 | 2.314176 1.639078 | 2.213610 | 2.988334 1.252837 | 1.541280
03 0D000O0O0O 8UOOOoOooOoO
Table 3 8-issue execution result
drr frag reed_dec reed_enc rtr jped_dec gece twolf
SBR/CI 0.001697 | 0.332493 | 0.012001 | 0.004881 | 0.490738 | 0.258621 0.299124 | 0.187852
CI/Mis 0.856013 | 0.820182 | 0.792901 | 0.863223 | 0.414370 | 0.306554 | 0.308871 0.498528
Mis/Bra 0.021207 | 0.041316 | 0.041234 | 0.058032 | 0.028760 | 0.018621 0.060373 | 0.030852
Bra/Ins 0.214518 | 0.176070 | 0.182133 | 0.225198 | 0.239469 | 0.048711 0.199737 | 0.349753
IPC 2.439589 | 2.289485 | 2.423250 1.811398 | 2.240280 | 2.934444 1.267285 1.558641
IPCup (%) 5.3 -3.3 4.7 10.5 1.2 -1.8 1.2 1.1
04 0O0O0OOO0OD 1600000000
Table 4 16-issue execution result
drr frag reed_dec reed_enc rtr jped_dec | gcc twolf
SBR/CI 0.001488 | 0.332263 | 0.011879 | 0.004705 | 0.441444 | 0.275168 | 0.289574 | 0.189107
CI/Mis 0.865165 | 0.500511 0.795329 | 0.849946 | 0.362979 | 0.299197 | 0.306678 | 0.492126
Mis/Bra 0.021207 | 0.033701 0.039697 | 0.057700 | 0.029137 | 0.019280 | 0.060143 | 0.030286
Bra/Ins 0.214518 | 0.183423 | 0.181835 | 0.225582 | 0.238933 | 0.049103 | 0.199853 | 0.356924
IPC 2.583082 | 2.415559 | 2.615696 1.90767 2.257680 | 2.988951 1.285155 1.579275
IPCup(%) 11.5 2.0 13.0 16.4 2 0 2.5 2.5
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Fig.6 Misprediction rate and CI utilization rate
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