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Introduction

 Compiler analyses are slow
« JIT compilers need to be fast

« Use annotations to convey analysis
results to JIT

« Can also encode profiling information



Issues

« What information is useful?

- Overall performance

— Startup time

« Verifiability/security

« How to encode annotations?
- Flexibility

- Annotation size



[List of Annotations

 Virtual register allocation (ANH, JK, KC)
« Basic-block graph (KC)

« Intermediate representation reuse (KC)
« Hotness of method (KC)

« Applicability of optimization (KC)

« Array bounds check elim. (Sable, ANH)

« Null pointer check elim. (Soot, ANH)



Virtual Register Allocation

« Assign a virtual register to every value
e Prioritize virtual registers
e (JK) Add move/swap annotations

 (ANH) Aggressively optimize RTL, then
translate back to heavily annotated
bytecode

« Annotation size: 31% - 97% of bytecode



Virtual Register Allocation

Case 1: Array element address calculation and array lead

V0 holds array address
V1l holds index

ishl V1, "ishift", V2

iadd V2, "arraySizeOffset", V2
aadd v0O, vz, V3

ild (V3), V4

ialecad

B L0 DN

Annotated Bytecode

opcode SRC SRC EXTRA EXTRA DEST
ialead VO V1 V2 V3 '




Sourca Code
{Java, C, C++...})

St R

I Annstation-Generating Compilaer

-1
|
front end Mapping
' \‘E_ Lnnat.tian’ Lo I lnnat!tiﬂ
i Bytecode [ Dpt imized
i Parser oparations | Bytecodes
t ! |
! Java IR | - — R
Anrotation-sware JIT
| :
Compilation System |
| ! ,
Code / |
I Optimizarion | I Bytacodes Annotaticns |
I constant folding. II \'/‘/}.] |
I dataflow analysiw EEE RESpAgaLien, ll rFUn—t 1ma
I control flow analysis fﬂ?F LagSELanL eemares || IR |
| array rangs checks annlysis II Garbage J |
I object lifatimse analysis l | Follacrico |
I high leval sourse coda info cptimiz.d Bnnntltinnﬂ I Cad. Ganeration . |
Java IR | run-tira Cade]
| I | Tocktic Optimiration j
I | netruce:on |
X ¥ I | swinction j
{Annotations Genarator i |
¥ %) ) Y Eon=C I rotiling inta 1o ‘ll J
i ipnnotation chacla VLIW=11ka Fr:nch-t and lunpql SRS e L e —
i Rt L G schedules anthotationn i l :
i I nnotatlon I :
(T ..__..._...................__._.._..._..._.....___..._.l optimized
[ I pative cod

Lﬂ—-ﬁ_-ﬂﬂiﬂ-—r—#-ﬂ-———n—-—--——-———-__—-—




Speedup

Benchmarks SUN kaffe AJIT
Interpreter JIT

(in secs) (in secs) | (in secs)
Neighbor
256X 256 array 553.03 162.73 115.31
Iterations = 1500
EM3D
1250 tree nodes 359 .84 149 .86 74.01
Iterations = 200
Bitonic Sort
1024 tree nodes 167.05 141.23 120.96
[terations = 512
Huffman
30000 array nodes 4690.00 1856.00 | 1487.00

[terations = 28R




Virtual Register Allocation

e (KC) Statically count number of uses of
each variable

« Let ORP JIT compiler do the actual
register allocation

« Annotation size: 0.5% of bytecode



Basic Block Graph

« Put adjacency-list representation of BB
graph in annotation to save the compiler
multiple passes over the bytecode

« Annotation size: 5.2% of bytecode



Intermediate Rep. Reuse

« Example: inlining

 ORP preprocesses methods prior to
inlining them into callers

« Save preprocessed method, or not?

« Annotation size: 0.0% of bytecode



Hotness of method

e One bit per method: O1 or O3

« Profiling determined that the 25% most
frequently executed methods are worth
optimizing

« Annotation size: 0.3% of bytecode



Applicability of optimization

« Example: profiling determined that
constant propagation only benefits 70%
of the methods

e One bit per method: do or don't do CP
« Can use for other optimizations

« Annotation size: 0.0% of bytecode



Benchmarks

Cmpl Time | Total Time(s)
1N Secs 1N 8€CS

Program Ol Q3 01 Q3
Jack 0.30 2.80 | 42.2 41.5
JavaCup 0.30 | 3.20 | 48.9 47.7
Jess 0.32 2.b0 | 44.1 42.9
Josre 0.26 3.06 | 49.6 48.2
Mpeg 0.28 | 2.37 | 37.8 31.2
S00t 0.33 | 1.74 7.0 6.9
Avg 0.30 2.62 | 38.3 36.4




Compile Time in Seconds
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Compile Time in Seconds
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Cumulative Compilation Time (secs)
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Security

— Virtual register allocation (ANH, JK)

« Unsafe:

- Array bounds check elimination (Sable)
— Null pointer check elimination (Sable)
— Basic-block graph (KC)

 Safe:

— Virtual register allocation (KC)
- Intermediate representation reuse (KC)

- Hotness of method (KC)
- Applicability of optimization (KC)



Soot Annotation Format

e Attributes for class, field, method

« Statement annotations aggregated in
method attribute

« Nice interface in Soot for creating
annotations

« No effort to compress attributes



(KC) Annotation Format

« All annotations aggregated into single
class attribute with one-character name

- Annotation opcode (2 bytes)
- Size (2 bytes)

- Method id (optional) (2 bytes)
- Data (variable size)

« After aggregation, attribute is gzipped



Conclusions

« (KC) Profiling information is very useful,
especially if JIT does not collect it itself

* (ANH) A lot of optimizations can be
encoded in bytecode-with-register-
allocation if you control the JIT

« Some care about security and code size

« Encoding results of other analyses in a
general way has not yet been done (to
my knowledge)



