F43% FH3IH it B # B % Vol. 43 No. 3
2016 4E 3 H Computer Science Mar 2016
SE MRS E XK —E % 7E HOL4 Ry ISE
i BESH X X' HEEE E I ERIE M

(EHMFEAFERETIRERETRAARRARARALE T IREFLEF L 43T 100048)!

(FERERAFEEHFEFLSTRER AL 100049)°

B OE SHHBmeH 3HFE A E L Grunwald-Letnikov £ 3L, Riemann-Liouville & 3L A & Caputo & 3,3 #& &
SZ@HEE-LARR E—EZEG T, ENTUAMEILESR, FALENZRLEERE HOLL FRA ZH . R
MR BRI FLEETT AT Caputo X H S HMMMRHSTH XLHA ; KRB BiET % & L5 Grunwald-Letni-
kov & X Riemann-Liouville £ X Z Fl#9 £ &, LA T X 3 A E AL XL HOLL P oosbig, £ -T2 Lk 3HE
LK THh— ZET AN BHLEE,

XN SN ARY, XL, Caputo F L, — M

hEES S TP30L2 IEERIRES A DOI 10, 11896/j. issn, 1002-137X. 2016, 3. 004

Formalization of Consistency of Fractional Calculus in HOL4

LI Shan-shan' ZHAO Chun-na! GUAN Yong' SHI Zhi-ping' WANG Rui! YE Shi-wei?
(Beijing Key Laboratory of Electronic System Reliability Technology,College of Information Engineering
Capital Normal University, Beijing 100048, China)!
(College of Information Science and Engineering, University of Chinese Academy of Sciences, Beijing 100049, China)?

LI Xiao-juan'

Abstract Fractional calculus has three commonly used definitions, including Grunwald-Letnikov, Riemann-Liouville and
Caputo definition, There are connections among these three kinds of definitions. They are interchangeable under certain
conditions, This paper established a formal model of fractional calculus based on Caputo definition in the higher-order
logic proof tool HOL4 using real, integral, limitation and transcendental functions. In order to achieve the conversion of
these three definitions in HOL4, we verified the relationships among Caputo, Grunwald-Letnikov and Riemann-Liouville

definition. This work will make these three definitions unite in a certain extent,and will also perfect the theo-rem library

of higher-order logic.
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wval frac_c_exists_def=F Y fvatnl.

frac_c_exists fvatnl=(YmmI=(flrv+D==>
(At. n_order_derivm f t) dif ferentiable t) N\ (VY v. integra-
blea,t—1/2 pown) (Ax. (((t—z) rpow (& (flrv)+1—
v—1)) * (n_order_deriv (flr v+1) fx)))) A (An. 1/Gam-
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val FRAC_CGL=F VY fvatbh. (frac_cc fvat) b=
frac_ gl fvabt—fa * trpow (—v) / Gamma (1—v)
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order_derivk fa=0 B f H &k Hr RERRIER 0. 7
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R SUM_O, ¥ EEEMAT Caputo EX S5 R LEX—
BEMIER . 538 SUM 0 7 HOL4 1§95 B i ik B i 72
nF.
val SUM_0=store_thm(“SUM_0",
“UDn. sum(0,n) (\k. 0)=0",
Induct_on ‘n’
THENL[REWRITE_TAC [sum],ALL_TAC]
THEN REWRITE _TAC [sum]
THEN FULL_SIMP_TAC std_ss []
THEN SRW_TAC [1[ D
ER ML EE M EM M E B EIEH S, THEN,
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ORI R_L & CRITE AL, B T X 85 LFHERIR R, L
THAE XA HOLY sh ¥, 4R 71 T 2 BIE W 2% HOL %f
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