$43% FE2H it B N OB % Vol. 43 No. 2
2016 4E 2 H Computer Science Feb 2016
# T xMAS =8 SpaceWire {5 & Z BRI XL IIT

FRE FRE X k' E B K XK B
(ERMPAAFELIR¥RETRATHEMEREIRE 4L 100048)!
ChEATA%EERESHEAZER X 100029)°
(REMEMRAAENRTER G ¥R H 3 10019D°

B E ZTRHEK(SpaceWire) il 2 LA TMEMRAABN SR BEEEDB RIELTERELTE, i HTF
BREARBARAZ HH LA PFREFHE AGH LRRGRIEF 2 AR T &K P, £ AL %8 5 %
2t & B R BT IER, B E S HIRARIES A, £ F xMAS M A 23 SpaceWire #13 2 L PR AR B Rt 47
B XA BiE , xXMAS U RE T RENEMEL, A TAREHERG B, sTili12 A% PERTHL4TH
FRAOELT xMASHA BT THARE TEREFRRBE-HREFIALRER, ERARRIEW LR ACL2 3t £
SEEMMERBETT AHBIE, BFXEABRERFTHARRETRETHRALE,

KB xMASHEA,1Z8:F &, SpaceWire, % X AL B4k, ACL2

hEESEE TP311 NEERIAEG A DOI  10. 11896/j. issn. 1002-137X. 2016. 2. 026

XxMAS-based Formal Verification of SpaceWire Credit Logic

LI Yan-chun! GUAN Yong' WANG Rui* ZHANG Jie? WEI Hong-xing?
(Beijing Key Laboratory of Electronic System Reliability Technology, Information Engineering College,
Capital Normal University, Beijing 100048, China)!

(College of Information Science & Technology, Beijing University of Chemical Technology, Beijing 100029, China)?

LI Xiao-juan!

(School of Mechanical Engineering and Automation, Beihang University, Beijing 100191, China)?

Abstract SpaceWire protocol is a high-speed communication bus protocol applied to aerospace, so it is very important
for communication system to ensure the reliability of the design. Due to the presence of a large number of queues, dis-
tributed control and concurrency, the traditional verification methods have incomplete defects and state explosion when
model checking occurs. This paper presented a formal verification method of credit logic in SpaceWire communication
system with xXMAS model. xMAS model retains the structural information in lower level and can verify high-level attri-
butes. The paper built an abstract xMAS model for credit logic and listed three key properties including sending, receiv-
ing and data consistency, Correctness of the properties was verified automatically by the ACL2 theorem proving tool. It

can provide effective reference for system design under the guidance of verification.
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(defthm synchronization-in-out-function-1

(implies (trdy-and-irdy (car (fun in out f-data)))

(trdy-and-irdy (nth 1 (fun in out f-data)})))
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(defthm synchronization-in-out-function-2

(implies (trdy-and-irdy (nth 1 (fun in out f-data)))

(trdy-and-irdy (car (fun in out f-data)))))
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(defthm send-property
(let * ((channels (xmasnetwork-channels * ntk % )
(components (xmasnetwork-components * ntk % )
(sequential-networks (xmasnetwork-sequential-networks * ntk *
2D
(implies (and (xmasnetworkp * ntk * )

(get-source-oracle 0 components)

(not (endp (get-queue-data 8 channels))))

(get-channel-irdy 2 (run-netwrok-n channels components

sequential-networks 2)))))
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(defthm receive-property
(let ¥ ((channels (xmasnetwork-channels * ntk %)

(components (xmasnetwork-components * ntk % )
(sequential-networks (xmasnetwork-sequential-networks * ntk * ))
(queue7-num (len (get-queue-data 7 channels)))

(queue3-num (len (get-queu-data 3 channels))))
(implies (and (xmasnetworkp * ntk * )
(get-sink-oracle 5 components)

(not (endp (get-queue-data 7 channels)))

(not (equal queue3-num (get-queue-length 3 components))))
(and (data-equal ‘FCT (first (get-queue-data 3 (run-network-n chan-
nels components sequential-networks 3))))

(data-equal (1-queue?-len) (len (get-queue-data 7 (run-network-n
channels components sequential-networks 3))))))))
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(defthm data-consistency-property
(let ¥ ({channels (xmasnetwork-channels * ntk )

(components (xmasnetwork-components * ntk % )
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(sequential-networks (xmasnetwork-sequential-networks * ntk * ))
(data (get-source-data 0 components))

(queuel7-num (len (get-queue-data 17 channels)))

(queuel3-num (len (get-queue-data 13 channels))))

(implies (and (xmasnetworkp * ntk % )

(get-source-oracle 0 components)

(get-sink-oracle 15 components)

(not (endp (get-queue-data 8 channels)))

(not (equal queuel3-num (get-queue-length 13 components)))

(not (equal queuel7-num (get-queue-length 17 components))))

(data-equal data (get-sink-data 15 (run-network-n channels compo-
nents sequential-networks 6) )
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