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An Optimization Technique Using Profile Based Branch Prediction

for Dynamic Compilers

TOSHIAKI YASUE,! KAZUNORI OGATAt and HIDEAKI KOMATSUt

In this paper, we describe an optimization technique using a profile-based branch prediction
for dynamic compilers. Previously many works have been proposed to obtain more perfor-
mance by using of profile-based optimizations in static compilers. Although static compilers
can use profile information collected through the full program execution to get fully precise
information for the optimizations, they are troubled with the difference of characteristics be-
tween the execution to get profile information and the truth execution. On the other hand,
on a dynamic compiler environment, because the compiler can optimize a program using the
very profile information of the running program, it applies the effective optimization for each
individual execution. The quality of the profile information, however, tends to become worse
because of the restrictions of collecting cost, quantity, and period. In this paper, we propose
a profile-based multiway branch optimization technique as well as to discuss the efficiency of
the small size profiling of branches for JAVA program on a dynamic compiler environment.
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goto prof_code; ==j{ prof_code::
lnext:; N
: // profiling code

counter ++;
if (counter < THRESHOLD) goto Inexte
remove_goto() :

goto Inext: \

i,

01 00000000
Fig.1 Profile collection code.
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Table 1  Decision of binary branch prediction.

Status Prediction
All bits are 1 Taken
All bits are 0 Not taken
Otherwise No prediction
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02 20000000000000
Table 2 Hit ratio of binary branch prediction.

Initial State Profile(%) Steady State Profile(%)
profile count 1 2 3 4 1 2 3 4
mtrt 77.83 83.25 85.74  86.49 80.01 83.63 84.34  84.86
jess 7177  78.37 81.73 82.81 77.94 78.90 93.56 92.80
compress 65.02 65.72 65.71 65.71 65.02 65.72 66.44 67.59
db 97.68 98.07  98.07 98.63 97.68 98.08 98.09 98.03
mpegaudio 78.44 84.36 91.96 92.34 81.83 92.59 94.13 96.28
jack 79.41 83.47  90.09 91.97 | 86.77  91.09 92.08 93.49
javac 81.63 90.16 90.97  92.60 85.03 91.03 92.32 92.75

x < keyl counter do
x == keyl —»{ counter ki

— keyl < x < key2 —m| counter dl
x == key2 ——m counter k2
X key2 < x < key3 —w| counter d2

% = keyn ——»[ counter W ]
keyN < x ——» counter an |

02 0000000DOO0ODOO0ODOODOOO
Fig.2 Example of multiway branch profile collection.

switch (x) {
case keyl: ...
case key2: ...

case keyN: ...
default: ...
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Table 3 Correlation coefficien of multiway branch

prediction.

program static  dynamic
mtrt 0.350 0.574
jess 0.798 0.371
compress 1.000 1.000
db 0.800 0.987
mpegaudio 0.998 0.994
jack 0.934 0.918
javac 0.742 0.810
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Table 4 Rare path detection.

program bb ratio(%) code ratio(%) | hit ratio(%)
mtrt 7.50 6.28 91.79
jess 2.97 3.35 98.96
compress 5.66 5.91 99.99
db 4.13 3.74 100.00
mpegaudio 5.45 3.13 99.98
jack 16.08 14.88 97.54
javac 16.91 14.24 99.44
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Test Condition
Prob=P, cost=C_

FALSE Process
(cost=C,

TRUE Process
(cost=C,_ )

[al\e) true

(a)

Test Condition 1
Prob =P, cost = CCm

TRUE Process 1
(cost=C_ )

truel

Test Condition 2
Prob=P,, cost = Ccm

FALSE Process
(cost=Cp 1)

TRUE Process 2
(cost=C,.,)

(b)
03 0O0DO0oooo
Fig.3 Test conditional model.
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switch (x) { switch (x) {
case 1: // profiled case key_a: ....; break; Py > Py (5)
case 2: // profiled // profiled (key_a, key_b) C C
case 3: // profiled case key_b: ...; break; cmpl cmp2

case 4: // profiled
...process...;
break;

// profiled (key_b, key_c)
case key_c: ...; break;

FALSE Process
(cost=Cyy)

(b) Range check of neighboring
default-range

04 0O00O0OO0OOO0OO
Fig.4 Example of neighboring tests merger.

(a) Range check of neighboring
keys with same target
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// Assume the test conditions tc[*] are sorted in descending order of (P/Ccmp).

// summ:
// tclil:
// msumm:

// mtc:

test condition

merged test condition

// calculate summary info. of remaining key
summ.npairs = nkey // number of remaining keys
summ.lkid = 1 // lowest key index
summ.hkid = nkey // highest key index
FOR i = 1 ton DO
IF tc[i] has not been invalidated THEN
// re-calculate summary info.
UPDATE_SUMM (summ, tc[il)

// evaluate the efficiency of test tc[il

summary information for merging tests

summary information for rest conditions

IF (! EVAL_TEST_EFFICIENCY (tc[i], CALC_COST_FALSE (summ)) THEN

INVALIDATE_CONDITION (tc[il)

ELSE
// try to merge neighboring tests
msumm =
mtc = TRY_TO_MERGE_NEIGH (tc[i], msumm)

// evaluate merged test condition

summ; // copy current summary info to msumm

if (mtc != NULL and EVAL_TEST_EFFICIENCY (mtc, CALC_COST_FALSE (msumm)) THEN

// replace current test with merged test

tc[i] = mtc

summ = msumm // update summ with msumm
// invalidate merged test conditions
INVALIDATE_MERGED_CONDITIONS (mtc)
ENDIF
ENDIF
ENDIF

ENDFOR

05 000000000000
Fig.5 Decision tree generation algorithm.
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