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We investigated query preservation of nondeterministic tree transducers. We
proposed methods of compressing large trees and graphs based on tree grammars or top trees and
directly evaluating a query on them without decompressing the compressed data. Register context-free

grammar (RCFG) is an extension of CFG by adding limited power of manipulating data values. We
showed that both the membership and emptiness problems for RCFG are EXPTIME-complete. We analyzed
the computational complexity of basic problems for weighted register automata (WRA) and proposed an
algorithm that computes a minimum-weight run of a given WRA. We also conducted a fundamental study
on SMT solvers and an empirical study on understanding the semantics of malware.

SMT



¢y

@
XML

®
*

©) SMT SMT

¢y

v
q t a(O=q" (V1))
t q v(1)

XPath
XML XPath XPath
XPath
XPath
XPath XML
XML

(NSTA) (NTA)

NTA
(DBTA) NSTA

)
(DSTAB)  NSTA XML



XML

DSTAB
NSTA
NSTA
DSTAB
NSTA
@
XML
XML
XML
XML
BaseX
@
XML
(©))
X86

XPath
DBTA

DSTAB

DSTAB

XML

DAG
DSTTA
@
XML
100

30 1/40

PC

20

BE-PUM

DSTAB

NSTA

NSTA

DAG

DSBTA 2
DAG
DAG

1/5
BaseX

loT

FPS15

DSTAB

XML
XML

Treebank DBLP

XML DBMS

€Y @ 2

DAG



PC

PC
85 PC
CFFexplorer, PEID  VirusTotal
13000 PC 400
SSPREW17
)
(register automaton, RA ) RA
RA XML
XPath RA
(RCFG) (RTA) RCFG  RTA
RCFG ¢
RCFG RCFG EXPTIME PSPACE NP
EXPT IME RTA
NP EXPTIME
RCFG
€ RCFG
RCFG(GRCFG) GRCFG
RA
RACWRA) WRA
NP PSPACE
WRA WRA
®)
(weighted partial Max-SAT)
SMT
SMT
opaque
predicate

CAD (Cylindrical Algebraic Decomposition)

CAD

SMT raSAT
SMT-COMP (www . smtcomp.org) QFNRA

2018
SMT VeriT

LORIA
raSAT

SMT

(Quantifier-free nonlinear arithmetic over reals)

Pascal Fontaine



Kenji Hashimoto, Ryunosuke Takayama and Hiroyuki Seki, Direct Update of XML Documents
with Data Values Compressed by Tree Grammars, IEICE Transactions on Information and
Systenms, Vol .E101-D, No.6, pp.1467-1478, June 2018.

DOl : 10.1587/transinf.2017FOP0002

Vu Xuan Tung, To Van Khanh and Mizuhito Ogawa, raSAT: An SMT Solver for Polynomial
Constraints, Formal Methods in System Design, Vol .51, No.3, pp.462-499, 2017.
DOI: 10.1007/s10703-017-0284-9

Kazuki Miyahara, Kenji Hashimoto and Hiroyuki Seki, Query Rewriting for

Nondeterministic Tree Transducers, IEICE Transactions on Information and Systems,
Vol .E99-D, No.6, 1410-1419, June 2016

DOI: 10.1587/transinf.2015F0P0007

Ryoma Senda, Yoshiaki Takata and Hiroyuki Seki, Generalized Register Context-Free
Grammars, 13" International Conference on Language and Automata Theory and
Applications (LATA 2019), Sankt Petersburg, LNCS 11417, pp-259-271, March
2019.

Takeshi Takeda, Kenji Hashimoto and Hiroyuki Seki, Graph Compression by Tree Grammars
and Direct Evaluation of Regular Path Query, 2019 IEEE 4" International Conference
on Computer and Communication Systems (ICCCS 2019), Singapore, CD104,
pp-257-261, Feb 2019.

Ryoma Senda, Yoshiaki Takata and Hiroyuki Seki, Complexity Results on Register
Context-Free Grammars and Register Tree Automata, 15" International Colloquium on
Theoretical Aspects of Computing (ICTAC 2018), Stellenbosch, LNCS 11187,
pp-415-434, Oct 2018.

Nguyen Minh Hai, Mizuhito Ogawa and Quan Thanh Tho, Packer Identification Based on
Metadata Signature, 7th Software Security, Protection, and Reverse Engineering
Workshop (ACM SSPREW 2017), Dec 2017.

Pascal Fontaine, Mizuhito Ogawa, Thomas Sturm and Xuan Tung Vu, Subtropical
Satisfiability, 11th International Symposium on Frontiers of Combining Systems
(FroCoS 2017), LNCS 10483, pp.189-206, Aug 2017.

Shuichi Sato, Shogo Hattori, Hiroyuki Seki, Yutaka Inamori and Shoji Yuen, Automating
Time Series Safety Analysis for Automotive Control Systems in STPA using Weighted
Partial Max-SMT, 5*" International Workshop on Formal Techniques for Safety-Critical
Systems (FTSCS 2016), pp-39-54, Tokyo, Nov 2016.

Kenji Hashimoto, Suguru Nishimura and Hiroyuki Seki, Direct Evaluation of Selecting
Tree Automata on XML Documents Compressed with Top Trees, 4th International Workshop
on Trends in Tree Automata and Tree Transducers (TTATT 2016), pp- 29-36,
Seoul, South Korea, July 2016.

Vu Xuan Tung, To Van Khanh and Mizuhito Ogawa, raSAT: An SMT Solver for Polynomial
Constraints, 8th International Joint Conference on Automated Reasoning (1JCAR 2016),
LNCS 9706, pp.228-237, June-July 2016.

Nguyen Minh Hai, Mizuhito Ogawa and Quan Thanh Tho, Obfuscation Code Localization
Based on CFG Generation of Malware, 8th International Symposium on Foundations and
Practice of Security (FPS 2015), LNCS 9482, pp.229-247, Oct 2015.

Shogo Hattori, Shoji Yuen, Hiroyuki Seki and Shuichi Sato, Automated Hazard Analysis




with pMAX-SMT for Automobile Systems, 15" International Workshop on Automated
Verification on Critical Systems (AVOCS 2015), Edinburgh, U.K., Sept 2015.

https://sites.google.com/a/sqlab. jp/sk-lab/publication

€y

(OGAWA, Mizuhito)

(YUEN, Shoji)

(HASHIMOTO, Kenji)



