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Performance Improvement of Operand Fetching with the Operand
Reference Prediction Cache(ORPC)

Heunglun Kim"' - Kyungsan Cho''

ABSTRACT

To provide performance gains by reducing the operand referencing latency and data cache bandwidth requirements,
we present an operand reference prediction cache (ORPC) which predicts operand value and address translation during
the instruction fetch stage. The prediction is verified in the early stage, and thus it minimizes the performance penalty
caused by the misprediction. Through the trace-driven simulation of six benchmark programs, the performance
improvement by proposed three ORPC structures (ORPC1, ORPC2, ORPC3)is analysed and validated.
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(Table 1> Benchmark descriptions

Wixeka 22y % 4

espresso PLA =8 #3s Z23y
XAE ~3YE Holx-HAL

& Aolol chgt #Y 54 22y

make GNU make Z213

gee GNU C A= 83 2.7.2

compress g Q% Ty

Is HAaE g 124

CH 2> HIX|0j3 =203o| £33 £4
<Table 2) Execution characteristics of benchmark programs

LELE 2 ma ~ |8 B[R s load |store
B A °ceT Holj|Hol|v] &4 &
z5xpl 31.229.837| 80| 139]0.223/0.043

espresso mlp4 85.539.946 | 81| 139]0.234/0.040
cps 547.653.895 80| 176]0.223{0.045

largest [ 2.428.116.069| 81| 224/0.220(0.052

small 26.897.998| 95| 241/0.164(0.054

gs large 231.865.158| 91| 320!0.173[0.062
manual 740.481.890| 100{ 525[0.183[0.061

make 6.534,220| 89| 166]0.173{0.038

make gs 37.253.459| 89| 217{0.170{0.027
perl 79.996.383| 89| 212/0.210[0.020

compress | compress 1626309734 59| 207)0.218(0.087
Is Is -IR 58.164.823| 73| 154(0.132]0.046
gce gee -o 1.007.656 54|  93[0.199/0.042
3 710.190]0.040

* WE. A8 HolXl YT FrE M GE Aol £

CE 3) ORPCIY CIE MZE Y YA M3 H|Ig
(Table 3> accuracy of prediction and operand prefetching
by ORPCI

ECwl +OR 16 32 64 | 128 | 256 | 512 | 1024
45485 | 0.880] 0.901 [0.927(0.928(0.918]0.915[0.912
43 ulg | 0.191]0.251 [0.397{0.460(0.515(0.553] 0.553
438 | 0.999 | 0.999 |0.999]0.999(0.9980.998 0.998
A3 vl [0.387]0.568 [0.577]0.578[0.579]0.579[0.579
J2PYT | 0.945 | 0.943(0.935/0.915|0.897/0.871]0.868
N3 Hlg |0.089 | 0.144 {0.164]0.2070.233]0.245[0.249
2385 | 0.99 | 0.99210.981/0.970{0.953[0.931{0.918
M3 Ml& [0.137] 0.148 |0.286]0.4060.462(0.496{ 0.500
AZYE% | 0.825 | 0.930 [0.94110.931]0.927]0.932[0.928
A ul§ | 0.035 ] 0.147 |0.195/0.253/0.300{ 0.419] 0.491
ASHEE |0.933 | 0.894 10.796{0.810]0.825/0.828( 0.825
A dlg | 0.012 | 0.238 |0.258!0.294|0.348(0.388] 0.398
AZ38 Hv 0.938 | 0.943 10.9300.925]0.920{0.913{0.908
qHug  H@e 0.142] 0.249 [0.313]0.366|0.406{0.447 | 0.461
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(Table 4> accuracy of prediction and operand prefetching

by ORPC2
2930 T & 16 | 32 | 64 | 128|256 | 512 [1024
dEHYT 10.872 [0.894 | 0.991 |0.918]0.90610.900{0.897
FoprEsse ¥3 ud |0.2120.280 | 0.428 |0.483]0.53010.559{0.559
28T |0.999 [0.999 | 0.999 [0.998)0.998|0.99810.998

compress

A# g | 0.415 [ 0.569 | 0.577 [0.579]0.57910.57910.579
f238% 10.941 1 0.939 1 0.930 [0.899(0.88710.8620.859
e A4 % 10.096 0.193 | 0.178 |0.221(0.2410.25210.255
&4 0.986 0.977 | 0.970 |0.960]0.942]0.921|0.908
® 43 ul& [0.144 [ 0.160 | 0.308 |0.424|0.475(0.50310.506
5 HY%E |0.830 [0.928 { 0.938 [0.927)0.923]0.927(0.922
g 43 H% 10.043]0.170 | 0.226 |0.295]0.343|0.43010.493
A5HET |0.959 [ 0.892 | 0.792 (0.802/0.816|0.817|0.814
make 43 8% | 0.013]0.254 | 0.277 |0.310]0.36310.397]0.404
348w 4 0.93110.938 | 0.925 [0.918(0.912(0.90410.900
HAuE B 0.154 ] 0.271 | 0.332 |0.385(0.42210.4530.466
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