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Abstract  To ensure the correctness and efficiency of floating-point programs, automatic optimizing techniques for floating-point
programs have been attached attention from academia in recent years. The core idea is'to summarize transformation rules from clas-
sical numerical analysis theory and rewrite floating-point programs automatically with more stable algorithms, which produces more
stable, efficient and maintainable programs. However, efficiency becomes the bottleneck of these techniques. As more and more
transformation rules are discovered and summarized, the rule base used by the optimizing framework becomes-larger and larger. It is
more difficult to scan the whole rule base as usual. In this paper, we propose an experience-guided acceleration strategy for floating-
point optimization. Based on the principle of similar causes of floating-point errors, the strategy extracts the corresponding symbolic
and structural features of successfully optimized floating-point programs, and saves the rule sequences involyed in the optimization
of the programs into a hash-based optimization experience database. When optimizing a floating-point program, the optimizer first
calculates the similarity between symbolic and structural features of the program and that of records in the experience base. Rule se-
quences associated with records having higher similarity are preferred to be used in rewriting and optimizing the program. With more
and more programs to be optimized, the experience base increases gradually and a hashed-partition design ensures the efficiency of
record-searching. The above approach has been evaluated on the FPBench benchmark and the open source engine OpenRelativity. The
results show that compared to the traditional optimizing approach, it can achieve a 6.04x speedup in average. In addition, it improves
accuracy for floating-point programs effectively as well as the traditional optimizing approach does. Therefore, our approach improves
the usability of automatic optimizing techniques significantly.
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1: function Optimize(p)
2 ruleSeqList <« OptExp.get RuleSequences(p)
3 if ruleSeqList # null then /1% J Ao ik o4
4 for ruleSeq in ruleSeqList do
5: FastOptimize(p, ruleSeq)
6 end for
7 return Candidates.combine()
8 else //iBAL A% 409 570 Rk
9 experience «— GreedyOptimize()
10: OptExp.save(experience)
11: return experience.result
12: end if

13: end function

15: function FastOptimize(program,ruleSeq)
16: if ruleSeq # null then

17: rule « ruleSeq.value

18: if program #= rule 7~ I B then

19: rule < getSimilar Rule(program, rule)
20: end if

21: next « transform(program, rule)

22: FastOptimize(next, ruleSeq.next)

23: else

24: Candidates.add(program)

25: end if

26: end function
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quadp 286 13 220  12041s  67.24s 35.25s 1.79x 3.42x 6.25s 19.27x
A 276.79 6.14 4506  65.12s 33.41s 10.78s 1.95x 6.04x 2.79s 23.34x
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o gk /b 48 2% 5 D P 0 i AT B A AN = 5
WA AL . X HUR 2 R IE R AL AT AR ZE A0 240K,
PLACHT 74 ulp IRZEZIA 36 LR, X T math.sin
FERALHTAFAE 58 PP IR 7. IX R 76 R Fr fan th

TE R R R T, T3R8 8310 52 N HURR
P42 TR, HAR 7 a5 B RS i B AE FR 2L
fr B 6 A LURE B g 22 BE. 34T B A EUE
etk s, & F 1R 22 B 2 6k /s .math.sin 757k
F5£ B 0 SRS AL S5 AAAE 9 LUARE I ulp R 22, TEA
SCIRE SR E LAk R A AR AE 1 EERFI ulp R, IXE
R i EOAS AT DLIS BN S 5 51 AN EURR A
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(2atan,expax,2cbrt,cos2,logq 234 F B Ak J5 TT e 2 15 4 HE 45 SRS P2 IR 81 00K FE Ve S Ron RS 2, B ulp iR 22/ 1 s, 78 B b BoR N ZE )
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B ERIAN ], A RO R~ 1 22 AN
1.5 LUAEE. 31X 4 ASFHBIFEST 7350 N cos2, 2tan, quad2p
Al quadp. FATE— 25 #r 7 AL BCR AN 9 H
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OpenRelativity /& f1 MIT JF & [t F T 5 48 A
XTie s EE 5] 8, HRE OB T 3D 51 Unity
fRSZELZE 4. FRATTAE OpenRelativity S HoAH &M e
ST AR S HE A o S A I E — AR

5 Herbie Mo A4 572 R0~ 487 K B2 ok 2w ek ik

3https://github.com/MITGameLab/OpenRelativity
“https://github.com/Unity-Technologies/UnityCsReference
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2.97e+8,w, = 1.45¢ — 202, w, = —2.58¢ —295,x, =
4.60e — 111,x, = 7.67e + 173 B A7/ H KR %, H
ulp ®ZEHN 59 LR, AHXTIRZE A 100%.
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FEE 0 3 5 W CE AR A % AR P B Re i DU E 21K 2 1)
S RN, 173 R L i 2 R U] R O AL B
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Background

Floating-point programs. are 'comimon. both in scientific and in-
dustrial applications. adrieu2003They approximate real num-
bers with precision-limited floating-pointiumbers according to
the IEEE standard, which introduces roundoff errors inevitably.
Without careful implementation, tiny roundoff errors can cause
program failures. As floating-point programs are executed,
roundoff errors can be amplified and accumulated, consequently
leading to unexpected outputs. In life-critical systems, program
failures can lead to catastrophes. Therefore, it is essential to-en-
sure the correctness of floating-point programs.

Recently, rewrite-based approaches aiming to improve accura-
cy for floating-point programs have been proposed. They make
use of transformation rules summarized from classical numerical
analysis theories to rewrite floating-point programs with more
stable numerical algorithms, while maintaining input-output e-
quivalent semantics. With program rewriting, inaccurate pro-
grams can be automatically transformed into ones with fewer ac-
cumulating errors. However, efficiency can be a bottleneck for
such techniques. On the one hand, to improve their performance
on accuracy improvement, more transformation rules need to be
discovered and added to the optimizing framework, which scales
up the rule base gradually. On the other hand, rewrite-based tech-

niques have to scan the whole rule base iteratively to find appro-
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testing, software testing automation.

priate transformation rules, which is time-consuming in a large
rule base.

To alleviate the problem, we propose an experience-guided ac-
celeration strategy for floating-point optimization. The strategy
is based on an observation that similar floating-point programs
can suffer from similar inaccuracy problems, which usually re-
sult from similar causes. Therefore, rules used to improve accu-
racy for floating-point programs can also help to reduce accumu-
lating errors for programs similar to the previous ones. Follow-
ing the observation, optimizing experiences of similar programs
can guide the optimizing framework to search rules efficiently.
Instead of scanning the whole rule base, the optimizing frame-
work only considers transformation rules that are similar to those
used to improye accuracy for similar programs, thus avoiding
wasting much time.on examining useless rules. We have evalu-
ated our approach on FPBench and OpenRelativity. The result-
s show that compared to the traditional optimizing approach, it
can achieve a 6.04x speedup in average. In addition, it improves
accuracy for floating-point programs effectively as well as the
traditional optimizing approach dees. -Therefore, our approach
improves the usability of automatic optimizing techniques sig-
nificantly.



