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Abstract

The indirect branch instruction is a most substantial obstacle in utilizing ILP of modern high performance processors.
The target address of an indirect branch has the polymorphic characteristic varied dynamically, so it is very difficalt to
predict the accurate target address. Therefore the performance of a processor with speculative methodology is reduced
significantly due to the many execution cycle delays in occurring the misprediction. We proposed the very accurate and
novel indirect branch prediction scheme so called data-dependence based prediction. The predictor results in the prediction
accuracy of 98.92% using 1K entries, and '99.95% using 8K. But, all of the proposed indirect predictor including our
predictor has a large hardware overhead for restoring expected target addresses as well as tags for alleviating an aliasing.
Hence, we propose the scheme minimizing the hardware overhead without sacrificing the prediction accuracy. Our
experiment results show that the hardware is reduced about 60% without the performance loss, and about 80% sacrificing
only the performance loss of 0.1% in aspect of the tag overhead. Also, in aspect of the overhead of storing target
addresses, it can save the hardware about 35% without the performance loss, and about 45% sacnﬁcmg only the
performance loss of 1.11%.

Keywords : ILP, Polymorphism, Indirect Branch Prediction, Minimizing Hardware Overhead
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1w $1, 16($fp) // Rl = Mlfp + 16]
2 lw $2, 20($tp) // R2 = Mlfp + 20]
130 addu $3, $1, $2 // R3 =Rl + R2
140 addiu #, $3, 8 //R4=R3+8

5 la $5, $L10 // R5 = 100000

16:  addu %6, $4, $ //R6=R4 + RS
7. jar % // indirect jump

odeal ZE=Ql o

Rl = Mifp + 161 O @ R2 = MIfp + 201

R3=R1+R2 (D
R4=R3+8 @D ® R5 = 100000

® R6=R4 + R5

@ indirect jump R6
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Fig. 3. An assembly code and the corresponding data
dependence graph.
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Rl =Mip +8 D /ZDRZ=5000

R3 =Rl +R2
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indirect jump R4
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Fig. 4. Data correlation between registers in reference
to memory location.
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#include <stdio.h>
#include <stdlib.h> .
#include <timeh> 13 situ - $8, $2, 5

main() {

I sw  $2, 20($fp)  //switch 42 5 7}X9} A sepalg
2w $2 208 /E FA.

/AE stelolE go] 4 $6) 2ok 29
14: beq  $3, $0, $L13 //switch/case T+Z& A &

B lw  $2, 203fp)  //switch/case ©¢] Hlol2 F4E 3 H=

i char o 16: move $3, $2 /ol A8 A AL
ntL ) char & 75l $2,93,2 /8% &4 23 subcase FaE 4 uolE), ® B3 = R2
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word  $L10
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Fig. 5. Assembly code with indirect branch matching to a switch/case statement.
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class Base
virtual void Print( ) { ... }
virtual int Valid( ) { .. }

class Derived : public Base
void Print( ) { ... }
int Valid( ) { ... }

Base * arr[S];
for (=0 1<S i++)

if (arr[i]->Valid( ))
arr[i]->Print( );

: 1w $16, arr
12: move $17, $0
$L12

130 1w $4, 0($16) //$4 <- AA] Hlo]A F4
[4: lw  $3, 0$4)  //$3 <- vibl Ho]E2] Wo]x F&
5 lw  $3, 0$3) /83 <- 2&HE 59 F4
I6: jalr  $3 //3+F Base:Valid2 £7)
I7: bne  $2, $L13
18 1w $3, 0($4) //$3 <~ vibl Efo} &9 Hjolx F4
19: lw  $3, 4($3) //$3 <- 3&HE 59 FAa
110: jalr  $3 /34 Base:!PrintZ ¥7)
$L13
111: addiu $16, $16, 4
112: addiu $17, $17, 1
113: bit  $17, S, $L12

@ C++ &2 =9 AU

b (@oll Ssh= ofMEe| F=2l dR

arrfi] vtbl_Base

15 16

vtbl Base:Valid ——>

v

data 19 Base!Print |—>»

110

(© (bl thS3t=

Holel 3£ =2 A&

a8 6. AxX|EAoolA JiMETE SHMeR C|ATRISH| fI5t S& BlelE ALE of
Fig. 6. An example of dynamic binding for dynamically dispatched virtual function in object

oriented languages.
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Table 2. Prediction Accuracy of full tagged schemes and characteristic of partial tagged schemes.

LA
JdEg g . .

217) A AA B2 AR A9 ol HRE6) / B2 AT AR B BEAe 4% &4 glE Fa A HE $
go m88ksim gee compress li ijpeg per] vortex AA FE
512x2 9.9 5| 9%48 | 4 | 923 10 | %636 619967 | 2 | 9% | 10 [ PP} 4 | PVHB| 5 | 98| 10
1K 266%4 P95 5956 | 4 | 94 9 | %8 6| 9967 2 [ N%B | 10 99PY| 4 | 92| 4 [98R2] 10
128x8 995 5 1 9%6L [ 4 | 9946 9 | %68 619946 | 2 | 9946 { 11 {9999 | 4 1§ 991 5 19890 | 11
2048%2 9.5 5 | 948 | 4 | 984 | 12 | %686 6 19999 | 2 [9996 | 10 | 999 [ 4 | P | 5 | 9900 | 10
4K 1024x4 995 51948 | 4 | 991 | 12 | 9686 69967 | 2 | 9% | 10 | 999 | 4 |99 | 5 |98} 12
512x8 | 9995 5 | %48 | 4 | 995 | 12 | %686 69967 | .2 |99 | 10 | 99O | 4 9% | 4 | 98BV | 12
40962 99.95 5 (%48 4 | 9993 ] 12 | %686 619999 | 2 [996 | 10 | 999 [ 4 | 9% | 5 | WVOL | 10
8K 2048x4 99.95 5| %48 | 4 | 9¥%B | 12 | B 6 9999 2 1999 | 10 | 99| 4 [ PB| 5 | 902 | 12
1024x8 | 95 5 19548 | 4 | 995 | 12 | %68 6 | 967 | 2 | PVHB | 10| 99| 4 999 | 5 | 9888 | 12
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Table 3. Difference of bits between indirect branch addresses and its target addresses.

HE ek e Pxm
Ael go m38ksim gee compress li ijpeg perl vortex ©6)
1 161 301 675,773 101 631 1,664 57 148148 826,836 294
2 4,462 22 318,940 0 94,560 0 23,169 1,056 442,209 157
3 10,920 59 349641 - 0 879,126 1,792 178,023 33,190 1,452,751 517
4 404 103 242,761 0 1 0 14,708 2,561 264,228 094
5 14,906 444 262,890 6 973,000 149 1,101 82,234 1,334,890 475
6 216% 118 554,291 26 53 4481 869,184 66,607 1,522,455 542
7 43667 340 1,085,167 -0 0 128 390,519 216,158 1,735,979 6.18
8 5,707 0 1,546,635 1 1 0 525,024 39,453 2,116 821 754
9 5,681 162 725820 0 0 1537 178,030 224636 1,135,866 4.04
10 221 108 588,806 0 6 149,529 178,714 90,801 1,008185 359
11 64 42 348,456 56 0 15,299 704,329 5,39 1,073642 382
12 3 108 201,148 310 34,013 334 7 0 326,43 116
13 0 21 2,680 0 75,484 207,104 10,339,104 954 10,625,353 3183
14 5 538 108,845 4 5222 14,456 3,036 0 132,106 047
15 0 18 6,274 0 14 2,752 1 2,619 11,678 004
16 0 0 52,075 0 0 27,648 3,685,540 425 3,765,683 1341
17 0 0 13,728 0 0 0 0 3,284 17,012 0.06
18 0 0 204635 0 0 0 0 0 294635 105
19 0 0 533 0 0 0 0 0 533 0.00
Al 117,586 2,390 7,469,098 574 2,062,201 426,923 17,090,616 917522 28,086,910
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