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zQ A 7

= 9800 ~ 1990'ACH
®  Functional languages, Semantics, Type systems

m  A-calculus, mt-calculus

= 9900 ~ 2000 ACH
®  Modal logics, Temporal logics, Model checking, Theorem proving

®m  Mathematical logic, Foundation of mathematics

= 2000LCH ~2010'ALCH

m  Software security analysis, Control language verification

= 2010LCH ~ 2020'ALCH

" Security Analysis tools, Test case generation tools
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N 9|2 7Rt $El=alstoR HE

Neumann(1947), Turing(1949), Curry(1949), Bohm(1951)

® Herman Goldstine (1913 —2004) & John von Neumann (1903 — 1957)
m Planning and coding of problems for an electronic computing instrument, 1947
s MAHRE 7|7|9] ot =2|H FHS H|A| (flow diagram, assertion box)
® Alan Turing (1912 — 1954)
m Checking a large routine, 1949
s M2 A3S ot O A S 2ast Mt (assertion, checker, proof)
® Haskell Curry (1900 — 1982)
m On the composition of programs for automatic computing, 1949
s T2 HESHENY £, AEMY S 2ot £8t8 T2 (recursive code generation)
® Corrado Bohm (1923 —2017)

m Digital Computers:On encoding logical-mathematical formulas using the machine itself during program conception, 1951

o Hute], =272 210, TE Ay, HH JEI|A 2 X FH717 (three-address programmable computer)
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® |ohn McCarthy (1927 —2011)

m A basis for a mathematical theory of computation, 1961
® Towards a mathematical science of computation, 1962
® Peter J.Landin (1930 — 2009)
® The mechanical evaluation of expressions, 1964
® Robert W.Floyd (1936 —2001)
® Assigning meanings to programs, 1967
® Christopher Strachey (1916 — 1975)
®m Towards a formal semantics, 1966
® Fundamental concepts in programming languages, 1967

® Tony Hoare (1934 — )

= An axiomatic basis for computer programming, | 969
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cCarthy(1961)

Program Correction Formal Verification Type Theory
Program Analysis

Runtime Systems

Program Synthesis v
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® Henri Rice

m Classes of Recursively Enumerable Sets and Their Decision Problems, 1953
. Z23 2MT}2F0| 0|2 Xl $E B

= OO

B Richard DeMillo, Richard Lipton,Alan Perlis

m Social Processes and Proofs of Theorems and Programs, 1979
n ZZ20H ASE pof I Z0| Al 45 ftF0| 2Rels =4

1 OO

B |ames Fetzer

® Program Verification: The Very Idea, 1988
D203 HZS0| $3F AT (127 =2/, 22N SR HHAHYS =T
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®  SMT solver Z| &3}
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»  EfQEHE AL E|O|S BE X

m OAEd 7|8 =X 3}
s Xt Y (Concolic Execution vs SMT Solving)
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Z g7 Z2HE 145,141 LOC

CITRUS* 81.39% 63.06% 114:13:00
COYOTE 92.34% 88.85% 00:56:24
*ICST 2022, CITRUS: Automated Unit Testing Tool for Real-world C++ Programs

Il CITRUS B COYOTE
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a8t 7)o 2A4-HS

Deductive
) Verification )
Theorem Proving Model Checking
Intuitionistic Logic Temporal Logic
Curry-Howard Isomorphism Exhaustive Search
Proof Theory Model Construction
Symbolic \(\,&/,\'O
Verification ?} [7@\(\!\0\

Static

Analysis \/O()z;l\,

Abstract Interpretation

Universal Algebra
Galois Connection
Fixed Point Theory
Abstract Semantics
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