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Abstract: To meet both the needs of reusability and semantic interoperability of limits and fits knowledge and the needs
of limits and fits data access performance, the tier structure of shared concepts and data storage is introduced to organize
the limits and fits knowledge. Considering the limits and fits ontology as the shared concepts, we manage the limits and
fits data with relational database management system and express the relationship between the data and the concepts by
mappings. Then the limits and fits data can be accessed through the limits and fits ontology. In this way, the needs of
limits and fits knowledge reusability and semantic interoperability are met, while ensuring the efficiency of limits and
fits data access. The feasibility and effectiveness of ontology based limits and fits data access are'demonstrated by a
prototype system and a practical example. . "
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1.1 DL-Lites A4

DL-Lite, 035 BRI (A) FEAR S B) — B
B(C) BJMEE(To) R FEE(D) EAEI(E).
—RAEIL(F) A JREE(Tp). JR A EP). EAMHE
Q) — AR T MEENEU) . — MBS Bk
(Vo)Z5.

F DL-Lite, H1, {1 & Feoowz UK, FH p £l
W T RRE RS, CEERN SR & Do MMET & Ty
4%. —A~ DL-Litey A4& O=<T,A>, H:/1 T Fil A 4353
/v TBox Il ABox. TBox &fiillis BcC. QcR.

EcF. UCcVC. (funct Q). (funct Uc)% fH4EH .

DL-Lite, A4 ABox JEWi 75 A(a)s P(a,b)s Uc(a,b)%%
I5RA, as b Al ¢ LW R T PGSR, DL Litey A
AT Ry
1.2 DL-Litep A RB9E X
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VAR SC AR K i B PR (DB) S % 2 4
DB=SR,I>, Hii R &R KRB, TR R A5,
i DB B H AR (Tps) & T A LA 1 P i
B EES. Bl DB 155 R R (11— SQL #F
W ()27~ B LS T 20— o4l i i

2 PR EBCE AR TBox
WIS WG tH— R 51 GPS FVE R ORIE, &Il &
B K bs k£ 2 A HE GB/T 1800-2009 . GB/T
1801-2009. GB/T 5371-2004. GB/T 1803-2003  GB/T
1804-2000. 3¢ 3= B 10 28 25 K 2 b B R o 4 7245
R ARUER AL SN TR RS Z AR &R, FLI A 225t
A 2 AT AR PR 7 S S AR
RAFZRI%R, ML 22 mt RS, A
izt bR ARG AFRRCT Z KA. 534
ARSCIEP B LG 2 LA S . BIG A 253 AL
SEUR LT 5 AR S R L T2k, I py 20
L TR I S it
A T AR BR 55 C A ARk OLF HA7 %5 1) A 4 2
R, AR 4 DL-Lite™ Xl 2k 21 (1A B 55 e
BPRRS MESE . BT E T A A B
BEATHEIR. FCHh, PrE MG A RE BB
F A A ] has EIGRIRMA, BEEJE EAEH] has 4R
IEAK, AEIAE AR has E 4RI /N G IR, TR SR
BAEN) TBox FEEAL T iKW 5
NolFS c FitSystem, StdFS c FitSystem, Hole < Part,
Shaft < Part, HoleTZ < TZone, ShaftTZ < TZone,
StdFS < 3 hasFit, StdFS < 3 hasHole,
StdFS c 3 hasShaft, AhasFit c InterFit,
JhasHole  cHole, JhasShaft < Shaft,
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InterFit ¢ 3 hasHoleTZ, InterFit c 3 hasShaftTZ,
Hole c 3 hasHoleTZ, Shaft c 3 hasShaftTZ,
hasHoleTZ < HoleTZ, 3hasShafiTZ < ShaftTZ,
StdFS < 6(hasLNS), StdFS < §(hasMaxC),

StdFS < 8(hasMinC), p(hasLNS) ¢ xsd:decimal,
p(hasMaxC) c xsd:decimal, p(hasMinC) c xsd:decimal,
Hole c 8(hasHFDI), p(hasHFDI) c xsd:string,
Shaft c d(hasSFDI), p(hasSFDI) c xsd:string,
HoleTZ < 6(hasHFDI), ShaftTZ < 8(hasSFDI),
InterFit < d(hasPre), InterFit c d(hasBasis),
InterFit c d(hasFitType), p(hasPre) c xsd:string,

p(hasBasis) c xsd:string, p(hasFitType) c xsd:string,
Part < 6(hasFDV), Part = 8(hasTV), Part < 6(hasLNS),
Part < 6(hasTG), Part < 6(hasSZ),

p(hasFDV) c xsd:decimal, p(hasTV) c xsd:decimal,
p(hasTG) c xsd:string, p(hasSZ) c xsd:string,
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TZone < &(hasSPre), TZone < d(hasMPre), TZone
d(hasBPre), TZone c 6(hasTG),
p(hasSPre) c xsd:string, p(hasMPre) c xsd:string,
p(hasBPre) c xsd:string, (funct hasFifs), (funct hasHole)
(funct hasShaft), (funct hasHoleTZ), (funct hasShaftTZ).
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(fundamental deviation), t ¥§4% 2\ Z(tolerance), pre 81t
L5 2 (preference).

stdtv hfdv sfdv
sizezone sizezone sizezone
tgrade hidentifier —_I: sidentifier
tvalue _—K tgrade tgrade
fdvalue fdvalue
FRfEA ZE{E "
o TR A 21
interfit
fitsid holetz shafttz
hidentifier
htgrade
sidentifier L hidentifier L sidentifier
stgrade —— tgrade ——tgrade
pre spre spre
basis mpre mpre
fittype bpre bpre
HARER S LA ZEW LA =

K2 ARBRS P& 2% DBLF [0 /80 R

FR, A tvalue) () 2l SR B O AR

(numeric), ¥ 51 (1) H4fs 28 W By Oh W] AR AT
(varchar). it o, {ERIRMER Z2EE(stdtv)H )
B (sizezone) ) {iE 4 FH I‘EXJ Eﬁﬁ(GhTMEOO Hh LA g 2
LT RS BO MRS Bev% (GBT1800 bR~ ZE{H R
P RSTB). 33X A R AT R 1RS48 1A /D B TUAR,
RAE T B AR I ] UK RS B s A — M A BRI,
5 H A RSE Fr VR DU 2 5 0 75 A m ) /A

=

H.

4 ARPR 5 IE A AR E s e A
4.1 EZRRE

il BB S S AR O i )4 FR 55 10 5 208
J% DBrr PIEHE Tpp, B 56T 4% H: Op Ml DBy, &

WEER AR I 2561, AR SCHRDKEF DB H g B
O [ISEBIED ABox (53K, RSLBUXFER:. 1FEH
DB ' Tpg Y AEHE, KT X XE RS O SE1)
IS To, %A To Y IC 3 AR IR AR AT
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TR, TRIINRE RS A4, fINSHS
o KT 0, t 2 Dpg TICHEMEE n TG, AHET,
YA AT AR R R I, 5 To W TCERAHRS N, I i
I AR IR S TC 5 A4 Orr 19 ABox 0 GRS 1)
K F1 DBy, B T'v /& T )78, o M T T K.

% T ¥ DBy MOy, TTLLEET R 11 SQL 5
KA Cop e, (AT CQ KIRHL O IS S
e . MWESEYES TR, TR AW b5 %
p(x)—p(), L e —4 R _ER—A4 SQL #rif,
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PRI ITE X, B —AN Wiy il (iR =",
BT A A RI0, YA AR G
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RS SQL A4 v E (D), LI EE 1A 3 iy FE A
il S B pxlv]—udxiv], H SQL ol 4 R
ans(p[x/v1,DBg) 2, Wb ylxiv] o S Ty 5T
%Ay, .

4.2 ERE L

e FRTHE, B A BT R P
stdtv KT ZLEEIFLAE), hfdv K TAL, sfdv T4,
interfit X TECA, holetz X TFL/A 224, shafttz I
NTEMT, WA TR ERDNALE AN RN 1 P, /)
A={h, s, f, ht, st}. interfit F fitsid 7 EAAEHIH BB T
To MidE T, A LA RS f IS5

K1 HTFRIR O HXT SR R AL
RO &I BH

e ¥i&: (Concept) - ZH TRy =)
h Hole 3 sizezone, hidentifier, tgrade
s Shaft 3 sizezone, sidentifier, tgrade
f InterFit 1 fitsid
ht HoleTz 2 hidentifier, tgrade
st ShaftTz 2 sidentifier, tgrade
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R stdtv 113 ] — oL Hole < Part A1
Shaft ¢ Part, {H N2 AFHA i 750 42 AL 73
hfdv A1 sfdv, #HEXH ARG H G AA OLe ) TBox
HEAT A AL

HiF R h Tpg J&T stdtv [ FHEIFANLE 5
hidentifier #1 sidentifier, #5730 ARG 28 A FLIEA i
#ZMR*5(A,B,C,CD, D, E, EF, F, FG, G, H, IS, J, K, M,
N,P,R, S, T, U, V, X, Y, Z, ZA, ZB, ZC)M & ¥ h k15 5
OLF ' Hole ARG, 73 AR 28 ANl AS i 22
%5 (@, b,c, cd, d, e ef, f, fg, g h,js, j, k,m n,p,1,5,t,
u, v, X, Y, z, za, zb, zc)F1 &% s K7535] OLF ' Shaft /]
AT, Fi hi 267 28 ANFLIEAR 2 A0 T A%
I si 7 28 MAHEEA I 22405 R EC AT, WUH] T34
OLF 5 DBLF ({4 M 21 F

a. SELECT * FROM stdtv — Hole(h(sizezone,
hi, tgrade)) AhasSZ (h(sizezone, hi, f:'gra;de), sizezone)

A hasTG(h(sizezone, 'hi,. tgrade) A
hasTV(h(sizezone,_ hi, tgrade), tvalue).

b.  SELECT * FROM stdtv — Shaft(s(sizezone, si,
tgrade))AhasSZ  (s(sizezone, i,

tgrade),

tgrade), sizezone)A
hasTG(s(sizezone, si, tgrade), tgrade)AhasTV(s(sizezone,
si, tgrade), tvalue).

c. SELECT * FROM hfdv — Hole(h(sizezone,

hidentifier,  tgrade))AhasSZ(h(sizezone,  hidentifier,
tgrade), sizezone)AhasHFDI(h(sizezone, hidentifier,
tgrade), hidentifier)AhasTG(h(sizezone,  hidentifier,

tgrade), tgrade)AhasFDV(h(sizezone, hidentifier, tgrade),
fdvalue).

d.  SELECT * FROM sfdv — Shaft(s(sizezone, |

sidentifier,  tgrade))AhasSZ(s(sizezone, sidentifier,
tgrade),  sizezone)AhasSFDI(s(sizezone, . Sidentifier,
tgrade), sidentiﬁer)AhasTG(s(siz'ézdne, sidentifier,
tgrade), tgradg)A;hasF]ﬁV(s(sizezone, sidentifier,

tgrade), ,fdvalue).

e. SELECT * FROM interfit — Interfit(f(fitsid))
AhasHoleTZ(f(fitsid),  ht(hidentifier, htgrade)) A
hasShaft(f(fitsid), st(sidentifier,
stgrade))AhasPre(f(fitsid), pre) A hasBasis(f{(fitsid), basis)
A hasFitType(f(fitsid), fittype).

f.  SELECT * FROM holetz —
HoleTZ(ht(hidentifier, tgrade)) A hasHFDI(ht(hidentifier,
tgrade), hidentifier) A hasTG(ht(hidentifier, tgrade), tgrade)
A hasSPre(ht(hidentifier,

tgrade), spre) A

20 %i2-%54 Special Issue

hasMPre(ht(hidentifier, tgrade), mpre) A  hasBPre
(ht(hidentifier, tgrade), bpre).
g.  SELECT * FROM  shafttz — ShaftTZ

(st(sidentifier, tgrade)) A hasSFDI(st(sidentifier, tgrade),
sidentifier) AhasTG(st(sidentifier, tgrade) A
hasSPre(st(sidentifier, tgrade), spre) AhasMPre(st(sidentifier,
tgrade), mpre) AhasBPre(st(sidentifier, tgrade), bpre).

B ECATIN a A1 b 730 N 28 At 22 2, [
ML S 61 A28, A M TR Ty . T
RARE T ARSI A DL LiteA Ak Op=<T,
A>, Jirp A=<M, DBye>2 th TS IR AT 62 M ST
IR PR 5 T A2 DBLe T I ERL ABox. I
I Opr A, WTLAVT 1] Dpg HRAT 2.

tgrade),

5 FETARIKIARERS Pl & K Vs i R 4
5.1 Rtk

AT ML A5 0B 5 A B0 i
R, 05— M IERBIR, R RAIFITRIGH R
BRI TR G0 193, D3 AN A% (1B
Wi BRI TR B ML A SR %
F1L A 3 BT, S LT B S A A
Ours B STCAHURPE DBLes WU ML —MHEREL
Quest "L % 1T T FHE FEHLAN 4t B B4 0 P 1)
L RIS, @)

accessor
.

VAl

] T

I Quest Reasoner I

N T

Or(Tbox) M ( DB¢

BT AP AR PR 5 P i 7 T A

3 HETAR AR B TC A il D e R

52 RGELI

ff ] web A A% 75 (Web Ontology Language,
OWL)[f)3£ 1 DL-Lite (¥ 74 OWL 2 QL% Oy 1)
TBox, i £ 4 %E PostgreSQL SZ B DBrg, JfLLZK
Turtle!™ f{iEEGR S Quest FJ BN T M) e 5
Lk 2 Prow, Hp i A # interfit0. interfitl |
interfit2 XN T M B AT e, $ZIRE 3 (45,
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] Quest HEFEHLIEHE Qv My DByrp. X Opp BT 2

1] DBLF A (K10 B AScHs, e et B 1 15 i 1 5 1)

I, Wi Quest FEMALRETF(HAL) AR ], itk
K2 U M I gnhd
WD H ks 1rif) b/ S il
. :{sizezone}hiftgrade} a :Hole; :hasSZ {sizezone}*xsd:string; .
stdtv_h_hi :hasTG {tgrade}*"xsd:string; :hasTV {tvalue}**xsd:decimal . SELECT sizezone, tgrade, tvalue FROM stdtv
. :{sizezone}si{tgrade} a :Shaft; :hasSZ {sizezone}**xsd:string; .
stdtv_s_si :hasTG {tgrade}*"xsd:string; :hasTV {tvalue}*"xsd:decimal . SELECT sizezone, tgrade, tvalue FROM stdtv
:{sizezone}{hidentifier}{tgrade} a :Hole; :hasSZ {sizezone}*xsd:string;
hfdv :hasHFDI {hidentifier}*Axsd:string; :hasTG {tgrade}*"xsd:string; i;leh(;lThsfl;ezone hldentlfvgr tgrade fdvalue
:hasFDV {fdvalue}**xsd:decimal . M
:{sizezone}{sidentifier}{tgrade} a :Shaft; :hasSzZ {sizezone}**xsd:string; & “\ = X .
sfdv :hasSFDI {sidentifier}*xsd:string; :hasTG {tgrade}**xsd:string; ‘ iilg'\(/ilTszjz\;ezone, sidentifier, tgrade, fdvalue
:hasFDV {fdvalue}**xsd:decimal . ".a
interfit0 {fitsid} a :InterFit; :hasHoleTZ :{hidentifier}{htgrade} . SELECT fitsid, hidentifier, htgrade FROM interfit
interfitl {fitsid} a :InterFit; :hasShaftTz :{sidentifigr.}{stgrade} . SELECT fitsid, sidentifier, stgrade FROM interfit
R . {fitsid} a :InterFit;:hasPre {pre}Arxsd:string; :hasBasis {basis}*xsd:string; e L . X
interfit2 hasFitType {fitty‘pe}ﬁ"xsd:string . SELECT fitsid, pre, basis, fittype FROM interfit
¥
:{hidentifier{tgrade} a :HoleTZ; :hasHFDI {hidentifier}*Axsd:string; . -
holetz :hasTG {tgrade}*xsd:string; :hasSPre {spre}**xsd:string; if{lehcllThTIiither' tgrade, spre, mpre, bpre
:hasMPre {mpre}**xsd:string; :hasBPre {bpre}*xsd:string .
:{sidentifier}{tgrade} a :ShaftTZ; :hasSFDI {sidentifier}*Axsd:string; R e
shafttz :hasTG {tgrade}**xsd:string; :hasSPre {spre}**xsd:string; SELECT sidentifier, tgrade, spre, mpre, bpre

:hasMPre {mpre}**xsd:string; :hasBPre {bpre}*xsd:string .

FROM shafttz

6 MPR 5 S B v ) s2 41 TEREFEA ZEMRITL AT I, 5 2 2 MO S 5 £ .
T B R U B IR AE 2 B S USimple R IIMGUE SR 7S AL AR Opr i A B

Protocol and RDF Query Language, SPARQL) & W3C #
77 RDF #ififi 5, 7" OWL J£ T RDF, 1fi Oy ff

J OWL SEBL, #n] 1] SPARQL *f Opp HEAT i, A%

CH Opr 1 IRI Hy<http://www.semanticweb.org/adm/ onto

/2013/1/slaf>, # 7£ SPARQL" #r iy h ¥ 7 4
PREFIX <http://W}:vw,sema‘hticweb.org/adm/onto

/2013/1/slaf#> M. PREFIX xsd: <http://www.w3.org
/2001/XMLSchema#>.
6.1 BRI 8]

Pt 2 Z R AR i 22 i A B 55 T 5+ S A R K
i, EAIBIRRRE T 22 ZERT IR /IR 2 2 i 2
AL, AR A ZE i AL A RS, T AR UEXS AL
s 22l ST BRI C B B AT T R, XA

ﬁlﬁ%/l\é\%ﬁj‘ﬁﬂ“ 6mm 2| 10mm 2 [8] (1) 244
Eﬁ{ﬁ/\é%&ﬁ IT6 I Fr AT bR AEA ZEH. it
F43d& 'SPARQL & A U1k 3(a)fr, RHIEEH 9.0,
BT sRARUE A 228K 9.0pum. LAFL A B, AEHEA LA
FRRSFAF 560mm #) 630mm [RIFLAEFEA R 22485 K
F, WRUEAZE5E 000 1T B IEA W 2215, b sty it
SPARQL £ ifiifi A il 3& 3(b)Fiw, iR FI4E R A 76.0, B
P sRFEA M 22060 T6pm. LAFLA 2545 hl, EiifLa
2245 I8 X B BT ARKRSE /AN T 18mm. AR
18mm % 500mm (LS5 ZK, hitbyiE SPARQL #ifjfl
R[EISE RANE 3()fim. BWELS H7/m6 [HHL&Fhk
MRSk, Fiktits SPARQL i fliz [Fl4h Fan g 3(d)
B, B UG in) ).
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K3 O A S LG5 BFNFERS
SPARQLTT ] ity gl R FENT (ms) sQLTT FERT (ms)
SELECT ?tv WHERE{?part a :Part; :hasSZ ?sz; tv SELECT tvalue FROM stdtv
a :hasTG ?tg; :hasTV ?tv. 62 WHERE sizezone='6-10' AND 15
FILTER(?sz='6-10" && ?tg="1T6")} 9.0 tgrade='"1T6'
SELECT ?fdv WHERE{?hole a :Hole; :hasSZ ?sz; fdv SELECT fdvalue FROM hfdv
b :hasHFDI ?hfdi; :hasTG ?tg; :hasFDV ?fdv. 32 WHERE sizezone='560-630' AND 16
FILTER(?sz='560-630' && ?hfdi='F' && ?tg='1T8'")} 76.0 hidentifier='"F' AND tgrade='IT8'
SELECT ?spre ?mpre WHERE{?htz a :HoleTZ; spre mpre SELECT spre, mpre FROM holetz
c :hasHFDI ?hfdi; :hasTG ?tg; :hasSPre ?spre; a7 WHERE hidentifier="J' A’ND 17
:hasMPre ?mpre. FILTER(?hfdi=")' && ?tg="IT8')} "perfect" "normal" tgrade-'lTS'
d SELECT ?pre ?ft pre fit 36 v ‘SELECT pre, fittype FROM interfit 16
WHERE{ :H7n6 :hasPre ?pre; :hasFitType ?ft.} "good" "interference" " WHERE fitsid="H7n6'
StdFS* Hole ((28003150" )
¥ ]Ia
3000.0 & - SL}VS
b hasMaxC ~
4500 )€----------
o
e
150.0
-—— == :Shaft
{ |
| D)
| |
I "2800-3150" stg ?stv o
| A ]
._ __ /! a I i ) RDFIE] \
1 SELECT ?tg WHERE{?part a :Part; :hasSZ ?sz; :hasTG ?tg; :hasTV ?tv. FILTER(?sz='2800-3150' &&
?tv<155)} ORDER BY DESC(?tv) LIMIT 1
SELECT ?shaft ?hole WHERE{ ?shaft a :Shaft; :hasSzZ ?sz; :hasSFDI ?sfdi; :hasTG ?tg; :hasFDV ?sfdv.
2 ?hole a :Hole; :hasSZ ?sz; :hasHFDI ?hfdi; :hasTG ?tg; :hasFDV ?hfdv. FILTER(?sz='2800-3150' &&
tg="IT6' && ?sfdv>=-140 && ?hfdi="H' && ?hfdv=0.0) } ORDER BY DESC(?sfdv) LIMIT 1
b SPARQLET ]
a
a -2800- [ :Hole
StdFS [ — - — . 3150HIT6
:2800- a
3150fIT6 J~ —  —- —»| :Shaft
c LA & 3
Kl 4 O A ULECIE RS
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