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We propose an algorithm to compute a linear-mapping representation (LMR) of a program. Given a pro-
gram ¢, an LMR of ¢ is a matrix A such that AZ is identical to the result of executing ¢ with the state
expressed as a vector . Such representation is useful in program verification and program optimization.
Our algorithm computes an LMR of program c by iterating the following steps. First, the algorithm desig-
nates a template 7' of an LMR of c¢. T is a matrix elements of which are unknowns. Then, the algorithm
randomly generates and executes a test to determine the unknowns in 7'. The algorithm then tries to verify
that the estimated matrix is a correct LMR of ¢ using an external solver. If the verification fails and the
solver returns a counterexample, the algorithm adds it to the set of tests that are used in the next iteration.
We show the soundness, the completeness and the convergence of our algorithm.
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A FHREDEIEA
(REFH) (W 4.1)

£3ac AIZDVT A—a HEMIZRD L &,
ERED b€ AIZDWT A— bW BZEMIc b L
Y, [EREIZ a0 € A—b ZEX.

e d +V cA-bTHBZL: d+bec AmrD
V+be ABDTa +b—a, b/ +b—ac A—a.
b—a€A—aThbdIL e A—a BB EMTH
522k, d+V+b—a=(d+b—a)+ (' +
b—a)—(b—a)€e A—a. £-oT, '+ € A—b.

o TREDEk ERIZDWT kd € A-bTH5?
Zt:d+b—ab-a€cA-aThHhdILL
A—a PRBEBTHDEZ L LD, ka'+b—a=
k(@ +b—a)—(k—1)(b—a)eA—a. £oT
ka' € A—b.

£oT, A-biXEZERTHS.

Wiz, EEDa,be AIZOWT, A—a=A—-b
LB RYT. fEFREDd € A-bITDOWVWT,
ad+b—ac€cA—aki2V, b—acA-—aThHsZ
Ll A—a PRIBZERTHSL I L LD, d € A—a.
£oT, A—-bCA—qa. AKIZLTA-—aCA-b
PREBDT, A—a=A—b.

(BEPR) (Hii4.2) A, , WETRVDTT € A, , %
mnsg. €#L0 A, ,—T' ={T-T|lu=TvAT €
Ay THEN, u=Tv THB75, ZOELI
A= {T-T'|(T-T")v = O0AT € A} = v n(A-T")
ZELW. Ko T ARRBBEMTHD, A, , & affine
subspace TH 5.

(GEER) (Wi 43) BCADLE, be BIzoWT



B-bC A-bTHBMN, B-—bt A—>bIlIiEE
ZEER DT, B—bld A—bODEEHH2EMTH
3. £oT dim(B —b) < dim(A—b) THBH 5
dimB < dimA ¢7% 5. dimA =dimB D& 4,
dim(A—b) = dim(B—b) £%53%, B—blx A—b
DRI BT P S A—b=B-bThb. £oT
A=B.

(GEBB) (iR 4.4)

T CTTHHEILRWSN. 22T, T=T ¢
T se, EEDOT € T T B, = T8l
Y%, By, = T'[Bl. £%5. £5T,
(B = [Blp,}e{B = T'[Bl.} £ %57, Zhni
o DEFICFETS. bk, TAT Lizkd,
T CT.

GEPFR) (W 4.5) n 129 B BUA MWL C RT3

5. SCT] ZHLNTHS. SCT, 2#IKETS. T’
Z10fTHTRIEN T, Otk L, o % 14f7HTEIL
N7z olo/Z|A B {B = [Blo}e{B = T'[B],} %tz
TRE, I8 bbolEpmD K {B=[B].}c{B=
T'[Blo} 2REETZ. TLITYXLDEHD
5, Tl = T AT | [Blger, = TIBlo}. i ik
DIRES CTe &0, §C Tl Z2RT7DITE,
S C{T | [Blq, = T[Blo} ZmeiEtaThds. T
Bz SeS®ER SOEHLY, Vapldi/i] =
= {B = [Bla}e{B = S[B]a}. £2C, 0 = ¢ &
51F, = {B=[B]s}c{B = S[B],}. {5E&bFEE
ok kDT, E {B = [B],}c{B = S[B],}.
EoT E {A}{B} DEHL 0 = B = [B], 'k
DUDZERS [s E B = S[B],. LizhoT,
[Blier, = SIBo-



