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Abstract

Formulating a simple and adequate quantified first-order formula is crucial for applying real quan-
tifier elimination (QE) efficiently. In general, generating simple formulas or simplifying formulas for
efficient QE involves human interaction. In this paper, we present simplification algorithms for quan-
tified first-order formulas over the real numbers to speed up QE. We present experimental results for
more than 10,000 benchmark problems to examine the effectiveness of our simplification algorithms.
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#* 1: Experimental results for 1206 QE problems generated using natural language processing.

solver  solved scale trans rot wlog (%)
tsr 1052 234 66 11 262 21.72
ts- 1050 234 66 - 262 21.72
t-- 1045 - 70 - 70  5.80
-s- 1037 238 - - 238 19.73
--r 1040 - - 9 9 0.74
- 1037 - - - - -

math10 846
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/ 1007 GB of memory OFtHEHE Tiro7c. AERBTIE, BINUIEHOWEEDNREER 720 EH 10 EH]
HL Tz,

BONC, ARy MIEKICANSH TV 7 b (1, 1] TEKRI Nz 1206 HD QE RIEICIRR TFikx
MH U7z, BIFEHO Y AT LTI, ANENTCHARGTidih T N7 BeANE 2 1198 5 i K > THERR
L, ThEHlis GEEEEER D) —BAERERICEHT 5. ARSI ME IS ENNINAZ
ZOERXDETHRICEET 57.HZ S ODEFICTELREHZG R, RO EEZFIH LB E +59
WKIERIHTETWARW. R, B OMER ENERMINAEHEMMEZZ AT A AT, BRSEHEUHICXK
BEE(EIZETH L. BESUEEBECEA Y Y€y 7 (IMO), ERLKYO AGRIE, BWHRoF v —
FZFIAL, 2 RBKT 3 XROBME, KE, WA RENDHS. P AT LMER LT QE R#ED
—#& GitHub FICABHLTW3 2,

F 1 IFFTERSERE IR 2K T, “solved” FIIE 600 BPLANICEIEME L LIMIBEDEL, “scale”, “trans”,
“rot” BN ZENZNILKAED, FATRE), [EHzOMEEZRH LZMEOR, “wlog” AR THNA LIZWT
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IZ 0 Z/R"9. “var”, “qvar”, “atom”, “deg” X ZNTN, BHOE, HRELZEOH, FTinfEXo%, X
BOmKERZRT. 21Ky, BEFEDWEHEERSEAIC, QE OFERMHZKELHIRTE TS
EDHERTE 5.
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% 2: Timing data given in seconds for the benchmark problems of the Todai robot project. ‘TO’ indicates
that the solver did not terminate within 600 seconds.

id | tsr ts- t-- -s- --r ---  mathl0 | S T R s t r | var qvar atom deg

19 122.9 123.2 TO 121.6 TO TO TO 0 1 0 0 1 0 22 22 52 4
27 70.8 70.0 TO 69.5 TO TO 70.6 0 1 0 0 2 0 18 18 75 2
83 25.7 25.7 TO 25.2 TO TO TO 0 1 0 0 2 0 45 44 106 2
151 44.1 44.9 TO 45.1 TO TO TO 0 1 0 0 1 0 19 19 107 4
808 0.8 67.1 69.9 TO 61.8 TO TO 1 0 1 2 0 1 8 7 6 3
992 | 451.0 493.6 TO 4855 TO TO TO 0O 0 0 O 2 0 9 4 7 4
999 57.9 57.8 TO 57.3 TO TO TO 0 1 0 0 4 0 14 14 1158 2
1064 9.4 9.3 8.3 TO TO TO TO 1 1 0 1 3 0 5 5 1 4
1073 | 254.1  240.0 TO 231.7 TO TO TO 0 1 0 0 1 0 19 19 35 3
1104 | 259.8 227.9 TO 2295 TO TO TO 0 1 0 0 1 0 26 26 48 2
1115 86.2 88.6 TO 88.2 TO TO TO 0 1 0 0 59 0 31 31 288 3
1122 10.4 10.1 TO 9.8 TO TO TO 0 1 0 0 2 0 24 24 138 3
1131 | 167.6  158.2 TO 153.2 TO TO TO 0 1 0 0 1 0 18 18 79 3
1178 9.3 9.2 TO 8.4 TO TO TO 0 1 0 0 2 0 11 10 41 6
1189 4.1 3.4 TO TO TO TO TO 1 1 0o 3 4 0 16 16 9 3
1204 2.0 TO TO TO 1.3 TO TO 0 0 1 0 0o 3 18 15 15 3

NCRIFHEHEE D DO H AN R WEETH 5. smt2’ TBRDO T 7 A IV 5288y — )L 3 ZRIFHLTAN
T7ANZER LTS, “meti-tarski”, “keymaera”, “zankl”, “hong”, “kissing” I3 ZNFNRVF—7
MR [10) DA T TV ZEKL, “all” MEAEFIZEERT. “tsr” T D “maht10” {TE TIEZZNZTND Y )N —
(£ 1 2M) T 600 LA T2RIREOEL, “all” [TIENY F < — 7 BEOMEZET. “scale”, “trans”,
“rot”, “wlog” TIZZNTN, KM, “FATRE), [ElER, W N ORI ZE M 2 DR OBz £
9. 4%) 1TiE, “all” X9 % “wlog” DEIGZZKT.

BBXZ 8.80% DRIENRMIEEMMELZ E DT EHVMRTES. T ORMRITIEEFED BRI AR
L7z DN TR ETARETH A AHeE 2/ R L TWA. TDER T 600 AN TR 2 EDOEITIZ & A
EZEL TWIRWDY, EAIINZRF 2 R DRTEDMER O (£ 4 Z2H5 &, RN {dET
ETCVBENHERTES.

6 Conclusion
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RUIGRERNG RN D 5 L HIFEN 5.
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