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Operations of Presburger Arithmetic Using BDD-like Data Structures

and Circuits Verification with them

HiroYUKI KAGEYAMA,t JUNJI KiTAMICHI' and NOBUO FUNABIKI!

We have proposed a formal design verification method for logic circuits and have imple-
mented a verification support system for our method. Our verification support system divides
the decision problem for design correctness of the implementation circuit into some decision
problems written in Presburger arithmetic, and decides each problem with a decision proce-
dure for Presburger arithmetic. In this paper, we propose new data structures for Presburger
arithmetic, and implement the algorithms for the data operations over the proposed data
structures. We describe the results of some experiments of high level design verification using
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our methods.
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Fig.1 An example of our proposed data structure.

X 2 BDD Of
Fig.2 An example of BDD data structure.
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Fig.3 An example of process of building data structure.
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BZEANBICETEAY POBTHEY Lo BE
BIVATNVI BB EAVCREBRSN S, Liho
T, COBIETIE, ERARL ERMEL TIE, Al

TV RER (F(...)=G(...) PEBNEHMELELS. F
BIU G R#RBT 7 — 7 HAIC - S 240, SR
EFCHT ANBETILEIRL, F 8L G 07— 5k
EHEL, AP )P CEBEHETES., BRETL7—¥
WEIRHO-FUE AL 2VOT, 5610, 28T 5
EHBRETFICHT 2REBEIToTBOALER (ELBOAN
BOND) ICEYEBEHELTVA.
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F1 PEICHT AETHER
Table 1 Results of verifications.
AREAR BEERENR RN REYER RE-BHIE
(%) Wi (#) =K B (B) /¥
74382 AN HAB
wE W 56 4 0.3 6.8 338581 6.8 338809
£ wmA 56 4 0.3 1.6 13395 1.6 13734
WmE OEN 56 4 0.4 1.6 16295 1.7 24801
BE OBER 56 4 0.3 1.6 12897 1.6 13186
impl & imp2 81 0 0.3 1.8 14682 1.8 14682
HLSynth95 45 39 256.1 211.6 98958 — 524359

fp—add ®HiJJ nan_res

HNOF =55 A THRL Th B, &2 Tik, EHH
& o TRENDBET — 5 OMIEED, ERMAAR
DI/ET 5 AMNBERE 23508 50 L) Bk
FHxiToTnah,

AEIETIE, B0 5L, BEAISSZ bR L
T D NaN 7 57120 TOAR, BRI BT
BT E EBAARIC BT 5 BITAEMIC 2 29 %R
2. CORERERLORTRIORT.

ZRAARTIX, HJ7 nanres i3, AJDOREL L
8% oplexp, opl mant 2E D H 2 B NEOHE
AN SNIZEZICEELRB LI, UFOT VA
TNT —BBTHEESNL TS,

nhan_res =

((($opl_exp = 255) and
not ($opl_mant = 0))

or (($op2_exp = 255) and
not ($op2_mant = 0)))

EHHARKETR, FTTOLRAI8ED AT v TS
ENTBY, 0% 2 A5 v 7T nan_res DEVIEE
ENTVERFOEBILTOL IR S,

and (if ($opl_exp = 255) then
(($exp_result = $exp)
and (special_flag2_1 = true)
and (if ($opl_mant = 0) then

else (

(nan_res = true)

)

else (

ZOBITIE, BREFED» O EHHFTOLEFEOREES
HIBRLAZBDTIE, 2BVFEAREL EHRTEO
=V, REFECHELZ —FEIZE51E

DED/—FEEBLTVE), HETHILNTE
Glpolz. ZOFITIE, AANBBDEBCALF -5 %
AT THIBDOT, BEBROF — 5 BROLEZ %2\,
Liztso> T, BEFORBIIBNTIE, HEENLE
BEBCE, BRI ETEASRSOERCHEN 5%
RBIUOARERTEZ SN BEHAORIMA SRS,
ZOBITIE, BEEENS, BERSOXELLOR)
BRBERLTWAEEILNS,

NaN 7 77Dk, EETHANEHF 4L D
ZWBITH L. iThEd, RFEIHDERESD
LW, FNLHICT — ZIRGFRRD D B 3 BTG
BEENOHEET I - AT 4y VR RAL TS
D, TORIEATIHL T DR B EIEZ B
FLTHEET>TVWBDITHL T, AFEETIIEEH
FRERICBCT, BB CHET 2IEICE
BEHET L L W) BHL FREREAL TWaIlhh
b oY, 0% EEERETHELZITR 5.

KEIFEI, 1 DOBHEBN KK 23 v MIHIG
TEHELD D, MEEFIREE L Cidda Y RELHN
BB EERONBN, KERICLY, EBRICKRIET
BEThHBIEHRENT. FOMOHITIBVTIE,
BERFHETD 10000 U EEL 20 TEITEITHY)
D, RFETHLEMBETEHIMEToFT— 7%
OERIIATR 7288, SHRETFICHT 2 M# % 471
LHBPIIBVT AR YRR L BETFPILE R Y7 —
YERWETE Dol TOXI HBRE/INEEEED
BEVREE s & RHBAE LR BB OMIEIC DV TiE, 450
BETH .

5. & &N &

KWL T, BEHEORBREBO 12oTHETL R
TNH —XDEBPED DT — ¥ HEDIREE T
W, EDFAT )R L. ELTERIAT T
EHWCT LV ATV —XOEBHETFHE FEEL,
EBIREE B L CTAFEROFME 7. 22 THER
DHIERE DB H T 72,
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HERDHER TRV L 0P DOEHELD DD FES
HAEHLETHAL TWADIZHLT, XS0y I 4
Tit, BERETIX Cooper D7 VT Y X L% EHL 72
RITHHI2b0hbod, REERKEFEICB
T, AFEFECETRBCRIELT) S LA CE
EEEDH o7, ‘

FERILTIE, RET L HEOFEE L CHASEE
DBl AV, EHREFVEETOALRT STV A
TNH =T BHERDHER L OB E T 7.
RETHFHEL, CORESINLZTALIYENT L
ATV —XDHIEEEGTHIENTEL, 414,
EBRBEECBNTIDZ T RAIIRETE L EED 5[
BRGERIES, RAPREIREL T XL EFEBOR
FHREED D Y ATV EEZ TS,

LBHES R BEFIBIUTE AT LD, fE
#FiEdH 50E BDD ICBWTRESNTWAREF
ED)LRET LT — I BEICBVTOEHTH L L
EXONHbORBALY, T/, BETEZF—%
WEREDUEFELERL, K477 ) OYR%E
TIFETHS.
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