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Management System of Knowledge Base for
Mechanical Engineering based on Frame Representation

Yasumi NAGASAKA, Hideyuki OTAKI and Yoshio ISHIKAWA

When we develop and expert system, knowledge bases which were built individually can be
merged easily or connected organically, and can be used effectively. We have developed a total
management system for knowledge bases based on frame representation. This paper describes a
method by which to represent knowledge for the mechanical engineering field and by which to
manage knowledge bases with different knowledge representation, and emphasizes the effectiveness
of extended functions of frame representation, system slot and inheritance. As examples, using this
management system, we show the connection of an existent CAD system and an existent program

“synchronized meter”.
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KERNEL <=—|SA-relation
METAL NONMETAL

IR?N ALLOY-IRON

CARBON-STEEL

Parent: [RON

elastic-modulus : (20000 22000)
poissons—ratio :@ 0.28
MILD-STEEL SEMI-MILD-STEEL
Parent: CARBON-STEEL Parent: CARBON-STEEL

tractive-ability : (38 48) tractive-ability : (44 55)
elongation 1 (24 36) elongation T (22 32)

(a) Frame-representation of static-knowledge "METALLIC-MATERIAL”
i Knowledge of Mlilling Cutter H
i ((CUTTER D125) (diameter 125) (edges 8))
+ ((CUTTER D160) (diameter 160) (edges 8))
E ++ Knowledge of Machining Conditions
1 ((S45C 250BHN)
(M1 ((CUTTER D125)
(M2 (grain-depth 3) (grain-depth 2) (grain-depth l))
(M3 (rotary-speed 270) (rotary-speed 200)
(rotary-speed 180))
((CUTTER D160)
(M2 (grain-depth 3) (grain-depth 2) (grain-depth 1))
(M3 (rotary-speed 200) (rotary-speed 180))

(b) Predicate-Logic-representation of
dynanic-knowledge "MACHINING-CONDITION"
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© [ KNONLEDGE-HANAGER
Parent: KERNEL
Bhas-representation

i TLispProc | |Upper- i :
H Conception | | ! -
i i1 | @ext-inherit

8has-know!edge
11 | @if-extend
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(Framevork-Units of Condition-Unit) !

! 1 [RNOWLEDGE-HODULE

ISA-relation ; has-representation:

RSN G )]
v+ | slot-1(rtype) : frame

2' ' slot-3(rtype) : rule

i1 | Parent: KNONLEDGE-MANAGER

(FRAME-REPRESENTATION
PREDICATE-REPRESENTATION ..)

1 | slot~2(rtype) : predicate

C-LANGUAGE
RULE-REPRESENTATION
PREDICATE-REPRESENTATION
FRAME-REPRESENTATION
Parent: KNOWLEDE-MARAGER
sodule-name

unit-name
external—fi le:

czzzommees 7/.'/-./..l .................. :

@has- epresentation
A 'S\ﬁ\\' (Condition-Unit)-;
C H

+ 4 | Condition-Unit
1+ | for Frame-
i 1 | Representation

(e) “Merged Umts

“New Knowledge-base”

Condition-Unit

pull i Y
Condition-Unit Condition-Unit | | }
for Predicate- for Rule- for C-language H
Representation —‘\32 resentation H

Ehas-knowl &
oo aamns NN

(f) "Created Punctions for Attached Procedures”
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(1) fHmFsE% (SCREW-STRENGTH) %28

<<—— [SA-relation

KNOWLEDGE-MODULE
Parent: KNOWLEDGE-MANAGER

METALLIC-MATERIAL @ frame
MACHINING-CONDITION : predeicate
INTENSITY-SIMULATION: C-language

: METALLIC-MATERIAL
Parent: KNONLEDGE-MODULE
Knowledge-Representation : (frame)

MACHINING-CONDITION

Upper-Conception : t

Parent: KNOWLEDGE-MODULE

Knowledge-Representation : (predicate)

Module-File : /frame/... Define-Name : MECHA-CONDITION Define-Name @ STRENGTH-SIMULATOR

Unit-Name - CARBON-STEEL Run-File : /predicate/prolog. coa Module-File @ /C/functionl H
External-File : /user/... Used-File : /predicate/filel.rul Function-Name @ STRENGTH :
Data-Type : (kgf/mm? HBS % ..) Run-Comwand : d_clear Argument-list : (float int) '
Ext-Inherit : (chemical-component .) Return-Condition : nil Return-list : (float)

has-representation: (...)——- |- —> (Franework-Units of Condition-Unit)

] - -
@has-representation
hs K

(Condition-Jnit) T agrrr-o S asiasassiiiseosecesooooeeeneneeey

STREGNTH-SIMULATION
Parent: KNOWLEDGE-MODULE
Knowledge-Representation : (C-language)

Return-slot : (mgr-set-value ’unit 'slot Rval) '

R B oo N N

|
@has—ll(nowledge

mer| !1 units)

CARBON-STEEL
Parent: METALLIC-MATERIAL
JIS-1D: *undef*
chemical-component @ *undefx
(ext-inherit JIS-ID)
poissons-ratio : 0.28
Upper-conception
of CARBON-STEEL

(a) Condition-Unit for Frame-representation

@h\z\ts—knowl\egge

i (defun MECHA-CONDITION (%aux (Rdata nil))

: (MGR-SET-USERINITFILE :
“/predicate/prolog. init” H
"/predicate/filel. rul” ;
"d_clear) 1

(when (= 0 (system "/predicate/prolog.con”)) |
(setq Rdata
(MGR-GET-EVALUATEFILE
"/oredicate/temp. list™)))

(export
! (defentry 'STRENGTH

+ (defun STRENGTH-SIMULATOR [t

(Argl Arg2 &aux (Rval nil))
(setq Rval (STRENGTH Argl Arg2))
(mgr-set-value ‘unit 'slot Rval)
Rval)

" STRENGTH) ®

too.....Bdata)

....................................

(b) Condoition-Unit for Predicate-Logic-Representation

H 3 MR- AREHROCEET 200 =y b

— 304 —

(c) Condiion-Unit for C-language



7V —ARBERET R IFSFOMNBR—AEEY AT L2V T

979

T3,

(2) B—3BOTHERTLA, 2=y + [M8A
HRhUJoXxoy b [ABJCAvE—YRESN, Z
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(n/4) % ()2 * (BI5RE & /6)

KERNEL ~<—== |SA-relation

1SArelation ISA-relation

SCREX CARBON-STREL

metallic-attribute: #undefs JIS-ID: #undefs

tensile-strength : *undef# chemical-component : *undef*
(ext-inherit (ext-inherit JIS-ID)

* sundef*

settal ic—attri}:ute) tensile-strength

I
I ; !
COARSE-SCREW / ] HILD-STEEL
Parent: SCRENW ¥ @ext-inherif | Parent: CARBON-STEEL
metallic-attribute: MILD-STEEL~" JI1S-1D: JIS-G-4051
: | tensile-strength :

message

(38 48)

“MACHINE-ELEMENT” Knowledge-base "METALLIC-MATERIAL" Knowledge-base
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TH5. (a)i3, BFERBRFO N/ 1 OF | BN
_X%%QLK’WJTE% (b)l’i ZEHEONCSET

BELLA—IRRIOFITHS., E/z, ()W
@ CAD ¥ X5 4 (CADKEY) »EHHIHE L 76

ThH3.

Bf(b)ix, A —sREMWHE2 CEFTRRSE,
A—FDBEET7V—LAREOAT Y METHIEIL T
W3, E, A—SHEOFIENE, IRLZA VAV
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"Merged knowledge-base Modules”
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X 4 A >~V Y v A (@ext-inherit) BEEDF ADHBEBPEREREBERT I L L BRIV A
KERNEL _ . s— [SA-relation
\fr --------------------------- e ettt iede et (CoRditign-Unit)----===-=-=---2cocoororommeo o
H ¢ | MACHINE-ELEMENT METALLIC-MATERIAL STRENGTH-STMULATION
+ | Parent : KNOWLEDGE-MODULE Parent : KNOWLEDGE-MODULE Parent : KNOWLEDGE-MODULE
: : Define-Name @ STRENGTH-SIMULATOR
Unit-Name * SCREW Unit-Name : CARBON-STEEL Function-Name @ STRENGTH
nessage External-File : /user/... External-File : /user/... Argument-list : {(float int)
\(] Data-Type : (MBS ...) Data-Type © (kgf/ma? ..) Return-list : {float)
1\) : : Return-slot  : nil
N e e I e e e e e
SCREW-STRENGTH : e At ) Attt Ittt ittt Ity T '-—-—~\return value (for LISP)
(STRENGTH-SIMULATOR == = —p — o m e e o mom et ( _message Cfunctions oSS~
(mgr-get-value ——----- (2)--~, : (defun STRENGTH-SIMULATOR
*M8-COARSE-SCREW | | SCREW CARBON-STEEL (Argl Arg2 &aux (Rval nil))
* inside-diameter) | | Parent : MACHINE-ELEMENT Parent : METALLIC-MATERIAL (setq Rval
(car | | metallic-attribute : sundef* JIS-ID :%undefs (STRENGTH Argl Arg2))
(mgr-get-value ---(3)- : tensile-strength : *undef* chmical-component : *undef* Rval)
*M8-COARSE-SCREW | 1 [ (ext-inherit metallic-attribute) (ext-inherit JIS-ID) ! (export  'STRENGTH)
*tensile-strength))) [ [} | A / : (defentry *STRENGTH (float int)
i 13 /3 tensile-strength © sundef* | i | ( _f_lp_a_t_ STRENGTH)). ...
1 | | COARSE-SCREN // Poissons-ratio : 0.28 (@)
P 1| Parent : SCREN | hardness Ceundefr | Y] | _(_s)_r_gt_gcr_l_ye!lgg__(f?_r 0
I netalhc-attrlbué . MILD-STEEL< ; C-language
" 3) : id : inside-diameter
1 t @ext-inherit \ ts : tensile-strength
Ly I(s) HTLD-STEEL :
>{ M8-COARSE-SCREX Parent : CARBON-STEEL i float STRENGTH(id, ts)
Parent: COARSE-SCREW JIs-1D @ JIS-G-4051 iint ts;
pitch H W] [&)] : i float id, rc:
outside-diameter : 8.00 tensile-strength : (38 48) Vo { re = (m/4)*(id*id)*(ts/6);
inside~diameter @ 7.74 hardness + (100 130) ; return(re)
: }

"Organically Merged C-languge Module”
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(b) Example of "Synchronized Meter”
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(c) Example of CAD (CADKEY) systenm
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