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A Sampler of Relational/Functional Definitions
Harold Boley (Ed.)

Abstract

This is a collection of annotated RELFUN definitions showing principles and
applications of relational/functional specification. It consists of concise declarative
programs (often invertible) selected on the basis of didactic considerations. The
knowledge they encode is mostly derived from the domain of mechanical engineering.
The definitions solve problems in solid geometry, feature parsing, workpiece
normalization, chemistry, etc. All examples can be run directly in RELFUN.
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; A brief introduction to basic RELFUN, using its LISP-like syntax
H Harold Boley Mar 1991

In RELFUN, a LISP list (el ... eN) or PROLOG list [el,...,eN] is represented
as an (N-)tup(le) structure (tup el ... eN). Logical variables are marked by
an underscore, "_". The PROLOG list pattern [1,2|V] becomes (tup 1 2 | _v),
matching instances like (tup 1 2 3 4 5) with the binding _v = (tup 3 45).

Ne Ne Ne wo

(or 'footed') clause, whose "b" premises may accumulate partial results and
whose "f" premise returns the (non-)ground/(non-)deterministic values.

; A PROLOG clause c(...) :- bl(...), .., bM(...). in RELFUN becomes a 'hornish'
; (or hn) structure (hn (¢ ...) (bl ...) .. (bM ...)), where facts just have no
; premise (M=0). A conditional equation g(...) = £(...) if bl(...), .., bM(...)
; in RELFUN is generalized to (ft (g ...) (b1 ...) ... (bM ...) (£ ...)), an ft

; As in LISP, nestings like (+ (* 3 3) (1- 8)) => 16 are reduced call-by-value.

; "Passive" structures are marked by a backquote, "'", except in clause heads.

; RELFUN's tup FUNCTION returns the tup STRUCTURE of its evaluated arguments:
(£t (tup. | .x) (. b L))z o will) be bound to the tup of all arguments.

; This permits calls like (is _t 3) (tup " (* _t t) (1- 8)) => (tup (* 33) 7).

; The below definitions of append and naive reverse illustrate our RELational/
; FUNctional merger (e.g., "is" can invert functions almost as if relations).

; PROLOGish relational style (inversion (revrel _u (tup 1 2)) loops on MORE):

(hn (apprel (tup) _1 1))

(hn (apprel (tup _h | _r) _m (tup _h | _s)) (apprel r m _s))

(hn (revrel (tup) (tup)))

(hn (revrel (tup _h | _r) _1) (revrel _r m) (apprel _m ' (tup _h) 1))

; LISP-like functional style (inversion (is (tup 1 2) (revfun _u)) not needed):

(ft (appfun (tup) _1) _1)

(ft (appfun (tup _h | _r) _1) (tup _h | (appfun _r 1))) ;NESTED (user) form ->
; (ft (appfun (tup _hl_r)y 1) (is _1 (appfun _r _1)) (tup _h | _1)) ;FLATTENED
(ft (revfun (tup)) ° (tup))

(ft (revfun (tup _h | _r)) (appfun (revfun _r) ' (tup _h))) ;nest and (compiler)
; (£t (revfun (tup _h | _r)) (is _1 (revfun _r)) (appfun _1 ‘(tup h))) ;flatten

; Using nested or flattened clauses, the RELFUN interpreter allows this dialog:

; rfi> (apprel (tup 1 2) (tup a) _u) s+ rEi>-(appfun (tup 1 2) .(tupa))

; true 3 dEap a2 &)

; (u= (tup 1 2 a))

; rfi> (apprel _i _j (tup 1 2 a)) ; rfi> (is (tup 1 2 a) (appfun _i _3j))
; true y2tup 1 2a)

¢y (1= {tup)) (1 = (tup))

; (L3 = (tup 1 2 a)) s (3= {tup 1 2 a))

; rfi> more ; 4th MORE would fail ; rfi> more ; 4th MORE would loop
; true ; (tup 12 a)

; (1= (tup 1)) ¢ {_dsms(tap 1))

¢4 = (Eup 2 1)) ; (C3 = (tup 2 a))

; rfi> (revfun (tupab | _v)) ; A functlon called with a non-ground " |"-list.
; (tup b a) ; Returned value no. 1 is ground (variableless)
;: (v = (tup)) ; because _v can be bound to the empty list.

; rfi> more ; The request for MORE solutions (PROLOG's ";")
; (tup _h:15 b a) ; returns a 3-list pattern startlng with _h: 15,
; (v = (tup _h:15)) ; a (free) variable also occurring in _v.

; rfi> more ; Another MORE (of infinitely many successes)

; (tup _h:24 h:26 b a) ; now returns a non-ground list of length 4,

; (v = (tup _h:26 _h:24)) ; whose first two elements reverse those in _v.
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H Symbolic and numeric RELFUN factorial fixpoints
H Harold Boley Mar 1991

; Factorial can be defined numerically or symbolically, both in the relational
; and functional RELFUN subsets. The symbolic versions can be inverted in both
; formulations, as shown by fixpoint computations (no cuts are used).

; Relational factorial for symbolic and numeric use

(hn (facrel 0 1) (num)) ; numeric mode iff (num) is asserted

(hn (facrel 0 (s 0))) ; symbolic mode with integers as s(uccessor) terms
(hn (facrel _n _r) (sublrel _n _p) (facrel _p _v) (multrel _n _v _r))

; Functional factorial for symbolic and numeric use

(ft (facfun 0) (num) 1) ; numeric mode iff (num) is asserted

(ft (facfun 0) (s 0)) ; symbolic mode with integers as s(uccessor) terms
(ft (facfun _n) (multfun n (facfun (sublfun _n))))

; Equivalent FLATTENed version of recursive clause, as produced by the compiler
; (ft (facfun _n) (is _2 (sublfun _n)) (is _1 (facfun _2)) (multfun _n _1))

; Arithmetic operators

(hn (sublrel n _p) (is _p (sublfun _n)))
(hn (multrel n v _r) (is _r (multfun _n _v)))

; ... implementable via numeric LISP builtins (non-invertible arithmetics)

(ft  (sublfun _n) (num) (1- n))
(ft (multfun n _v) (num) (* n _v))

; ... or symbolically (invertible arithmetics)

(ft  (sublfun (s _n)) _n)
(ft (addlfun _n) ‘(s _n))
(ft  (plusfun 0 _v) _v)
(ft (plusfun (s _n) _v) (plusfun _n (addlfun _v)))
(ft  (multfun O _v) 0)
(ft  (multfun (s _n) _v) (plusfun _v (multfun _n _v)))
rfi> (facrel _x _x) ; Relational fixpoint computation:
true
(x = (s 0)) ; the "smallest"
rfi> more
true
(x = (s (s 0))) ; the "largest" (another MORE would diverge)

rfi> (is _x (facfun _x)) ; Functional fixpoint computation:
(s 0)

(x = (s:0)) ; the "smallest"

rfi> more

(s (s 0)) _

(x = (s (s 0))) ; the "largest" (another MORE would diverge)

rfi> azhn (num) ; Switching to numeric mode:

rfi> (facrel 1 1) ; (facrel _x _x) would now lead to "free variable" error
true '

rfi> (facrel 2 _w) ; (facrel _w 2) would here lead to "free variable" error
true v

(w = 2)

rfi> (facfun 57) ; The symbolic mode would not be suited for large integers
40526919504877216755680601905432322134980384796226602145184481280000000000000

Ne Mo Se Ne Ve Ne Ve Se Ne Ne Ve Ng Ne Ne Ne Se Se Se No N,
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3 Two invertible RELFUN sort functions
h Harold Boley Mar 1991

; These slowsort and quicksort versions "with duplicates"™ show a relational and
; several functional uses of RELFUN's non-ground calls.

;; A functional slowsort program

; Non-deterministic permutations are filtered through sorted:
(ft (ssort _x) (sorted (perm _x)))

; Return sorted lists unchanged, fail for unsorted ones:

(ft (sorted (tup)) ° (tup))

(ft (sorted (tup _x)) "~ (tup _x))

(ft (sorted (tup _x _y | _z)) (lesseq _x _y) (tup _x | (sorted " (tup _y | _z))))

; Non-ground delete function call returns _u-less list and binds _u for tup use:
(ft (perm (tup)) ° (tup))
(ft (perm (tup _x | _y)) (tup _u | (perm (delete _u " (tup x | _y)))))

; Non-deterministic delete-element-from-list function:
(ft (delete _x (tup x | _z)) _z)
(ft (delete _x (tup _y | _z)) (tup _y | (delete _x z)))

; A less-or-equal relation over s-terms:
(ft (lesseq 0 x) true)

(ft (lesseq (s _x) (s _y)) (lesseq x _y))

; The call (tup | ) evaluates its arguments, unlike the structure " (tup | ):
(ft (tup | _xr) " (tup | _r))

; The non-ground sample call (ssort " (tup (s (s 0)) _e (s 0))) returns:
;1. (tup 0 (s 0) (s (s 0))) and binds e =

3 2, (tup (8 0) (s 0) (s (8 0))) and binds _e = (s 0)

; 3. (tup (s 0) (s (s 0)) (s (s _x:32))) and binds _e = (s (s _x:32))

; 4. (tup (s 0) (s 0) (s (s 0))) and binds _e = (s 0)

; 5. (tup (s 0) (s (s 0)) (s (s 0))) and binds e = (s (s 0))

; Results 2. and 4. bind _e to (s 0) in different places of the sorted list

;7 A (mostly) functional quicksort program

; Partition/recurse into lists of elements _sm(aller) and _gr(eater) than _x:
(ft (gsort (tup)) " (tup))
(ft (gsort (tup _x | _y)) (partition _x _y _sm _gr)

(appfun (gsort _sm) (tup _x | (gsort gr))))

; Relational definition makes delivery of 2 outputs (_sm and _gr) easy:
(hn (partition _x (tup) (tup) (tup)))
(hn (partition _x (tup _y | _z) (tup _y | _sm) _gr) (lesseq _y _X)
(partition x z _sm _gr))
(hn (partition _x (tup _y | _z) _sm (tup _y | _gr)) (lesseq _x _y)
(partition x z sm gr))

; Functional append:
(ft (appfun (tup) _1) _1)
(ft (appfun (tup _h | _r) _1) (tup _h | (appfun r 1)))

; The sample call (gsort " (tup (s (s 0)) _e (s 0))) gives the same 5 results as
; ssort did, albeit in different order (and time).
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A relational/functional analogy finder

H. Boley,

1.
2.
3.
4. return result _x
main procedures
(analogy _a _b _c _answers)
(_rule _a is-to _b)

as H
(_rule _c is-to _x)

(member-r _x _answers)

redundant

(answers _name _answers)
(analogy _a _b _c _answers))

(pattern-analogy _myfig _yourfiq)
(analogy " (above square _myfig)
* (above myfig square)
* (above circle _yourfiq)
id))

data
(figures testl
(within square triangle)
(within triangle square)
(within circle square)))

(answers testl
(tup (within
(within
(within

circle triangle)
square circle)
triangle square))))
sample calls

rfi> consult "analogy"

rfi> (test-analogy testl)
(within square circle)

P. Hanschke,

R. Scheubrein

_b
X

21 Feb 1991

This program is adapted from Sterling, Shapiro "The Art of Prolog", page 230.
"analogy" tries to find an analogy between two pairs of figures
find a rule named _rule to relate figure _a to figure
apply _rule to figure _c to generate new figure
see if x is in the list of possible _answers

; _rule is a free relational variable

; _rule is bound to the relation found

_x)
(inside-out (within _figurel _figure2)
is-to
(within _figure2 _figurel)))
(upside-down (above _figurel _figure2)
is-to
(above _figure2 _figurel)))
(inside-down (within _fiqurel _figure2)
is-to
(above _figure2 _figurel)))
! (member-r _x (tup x | _tail)))
(member-r _x (tup _head | _tail))
(member-r _x _tail))
testing
(test-analogy _name)
(figures _name _a _b _c) ;

e e we

rfi> (pattern-analogy _myfig _yourfiq)

(above _figure2:4 circle)

(myfig = fiqure2:3)
(yourfig = _figure2:4)
rfi> (analogy ' (within jonas fish)

(above ufo martian)

(abpove fish jonas)

binds a,b,c
binds answers
calls program

classical analogy problem
a:b = c:x with variables
IN a,b (_myfig), and c,x
(_yourfig). The id permits
arbitrary x answers

figure a
figure b
figure c

list of possible
answers

(within ma

rtian ufo) id)
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H Attribute-centered and object-centered presentation of
; solid-geometry knowledge in RELFUN
: Harold Boley ' Mar 1991

; Functions computing diagonals, areas, curfaces, and volumes of cubes, blocks,
; cylinders, cones, and truncones for symbolic (direct) or numeric ("@") use:

(ft (diagonal (cube _x)) (* _x (sqrt 3)))
(ft (area (cube _x)) “(* 6 (expt _x 2)))

(£t (volume (cube _x)) " (expt _x 3))

(ft (diagonal (block _x _y _z)) ' (pyth x _y _z))

(ft (area (block x _y _z)) “(* 2 (+ (* _x _y) (* _x _z) (* _y _2))))
(ft (volume (block _x _y _z)) “(* x y z))

(£t (area (cylinder _r _h)) *(* 2 (pi) _r (+ _r h)))

(ft (curface (cylinder r h)) “(* 2 (pi) r h))

(ft (volume (cylinder _r _h)) " (* (pi) (expt _r 2) _h))

(ft (area (cone _r _h)) “(* (pi) _r (+ _r (pyth _r h))))
(ft (curface {(cone r h)) “(* (pi) . r (pyth r h}))

(ft (volume (cone _r _h)) “(* (/ (pi) 3) (expt _r 2) _h))

(ft (area (truncone _rl _r2 h))
' (+ @(curface ' (truncone _rl _r2 _h))
(* (pi) (expt _rl 2))
(* (pi) (expt _r2 2))))
(ft (curface (truncone _rl _r2 _h)) “(* (pi) (pyth (- _rl _r2) _h) (+ _rl r2)))
(ft (volume (truncone _rl _r2 _h))
“(* (/ (pi) 3) (+ (expt _rl 2) (* ril _r2) (expt _r2 2)) _h))

(ft (area (sphere _r)) ' (* 4 (pi) (expt r 2)))
(ft (volume (sphere _r)) “(* (/ 4 3) (pi) (expt _r 3)))

; Some auxiliary definitions

(ft (pi) 3.141592653589793) ; a parameterless function used as a global constant
(ft (pyth _a _b) (sqrt (+ (expt _a 2) (expt b 2))))
(ft (pyth _a _b _c) (sqrt (+ (expt _a 2) (expt _b 2) (expt _c 2))))

; Sample listings and calls:

; rfi> 1 curface

(ft (curface (cylinder _r _h))
“{*:2 fpk). _x _hi '}

(ft (curface (cone _r _h))
“(* (pi) _r (pyth _r _h)) )

(£t (curface (truncone _rl _r2 _h))
“(* (pi) (pyth (- _rl1 _T2) _h) (+ _rl _r2)) )

Attribute-centered listing,
comparable to a PROLOG procedure
curface/l or, to a polymorphic ML
function, defined for cylinder, cone
and truncone terms

Se Ne Ng Ve N

Se Ne Ne “e Ne N

rfi> 1 (_att (cylinder | _par))
(ft (area (cylinder _r _h))
“(* 2 (pi) _r (¥ _r _h)) )
(ft (curface (cylinder _r h))
“(*2 tpi) _r B} }
(ft (volume (cylinder _r _h))
“(* (pi) (expt _r 2) _h) )

Object-centered listing,
comparable to a LISP property list
[(cylinder _r _h)
< area L Api)} x i x BF) >
<“eurtace ., .{* 2:(pi)..xr. h) >

< volume VE_ApL) fexpt. .x.2) _h) >

of a PARAMETERIZED obj (cylinder _r _h)

Ne Ne Ne Se S Se N
Ne Mo Ve Ne Ne Ne N

; rfi> (area ' (cylinder 3 8)) ; symbolic result obtained by direct call
2..(* 2 (pit) 3 (+ 3 8))
; rfi> @(area ' (cylinder 3 8)) ; numeric result obtained via "@" (ecal)

207.34512
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;; Towards Functional/Relational Engineering Knowledge in RELFUN

;; Harold Boley - Kaiserslautern - October 1989
HY Revised: February 1991
; Deterministic functions

(ft (weight _volume material) (* _volume (specific-gravity material)))

; LISP: (defun weight (volume material) (* volume (specific-gravity material)))

(ft (specific-gravity steel) 7.8)
; LISP: (defun specific-gravity (stuff) (if (eq stuff 'steel) 7.8 'unknown))

(ft (composed-of steel) iron) ; steel is composed of iron ...

; Non-deterministic function

(ft (alloyed-with steel) carbon) ; ... and alloyed with carbon etc.
(ft (alloyed-with steel) manganese)
(ft (alloyed-with steel) chromium)

; Relation: Non-deterministically invertible iff (lessp) = sym-lessp
; [A workpiece is (strongly) monotone if its disk-segment diameters increase]

(hn (monotone (workpiece)))
(hn (monotone (workpiece _disk)))

(hn (monotone (workpiece _diskl _disk2 | _disks))
((lessp) _diskl _disk2)
(monotone (workpiece _disk2 | _disks)))

; Self-normalizing data structures (here just returning workpiece/disk terms)
(ft (workpiece | _disks) ' (workpiece | _disks))

(ft (disk | _elements) ‘(disk | _elements))

; Numeric (non-invertible) and symbolic (invertible) lessp definitions

(hn (num-lessp _diameterl _diameter2) (< _diameterl _diameter2))

(hn (sym-lessp (disk) (disk id | _elements)))
(hn (sym-lessp (disk id | _elementsl) (disk id | _elements2))
(sym-lessp (disk | _elementsl) (disk | _elements2)))

; Switch for setting the lessp version

(ft (lessp) sym-lessp)

; Sample calls [try (a), ..., (e) with more, more, ...]

(ft (a) (alloyed-with steel))
(ft (b) (is manganese (alloyed-with _x)) _x)
(ft (c) (monotone (workpiece (disk a) (disk 1 2 3) (disk k 1 m n 0))))
(ft (d) (monotone (workpiece _x (disk 1 2 3) _y)) ‘(tup _x _y))
(ft (e) (monotone (workpiece (disk _u _v _u) _x (disk _u | _y)))
“(tup _x _y u _v))
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h Qualitative geometry and higher-order parsing in RELFUN
: Harold Boley Mar 1991

; Self-normalizing qualitative-workpiece (qwp) terms consist of horizontal (h)
; [oriented left to right], up (u) and down (d) arguments that represent lines:

(ft (gwp) ° (gqwp)) ;.clauses are directed equations of gwp-constructor algebra:
(ft !(gqwp x x | _y) (gwp _x | _y)) ; idempotence (QUALITATIVE h, u, d lines)

(ft !(qwp u d | _y) unknown) ; up/down never adjacent ("infinitely thin wall")
(ft !(qwp d u | _y) unknown) ; down/up never adjacent ("infinitely thin wall")
(ft (qwp _x | _y) (is (gqwp | _n) (qwp | _y)) “(qwp _x | _n))

; Parser applying an operator parameter to N-splits of gwp (|lgwp| >= N >= 2):

(ft (parse _o (gwp)) " (tup)) ; empty workpiece (gwp) yields empty tuple (tup)
(ft (parse o (qwp _x | _y)) ; non-empty gwp (we'll bind _o to feature or pal):
(apprel pre “(tup _i _j | _post) “(tup _x | _y)) ; split gwp args as a tup
(apprel pre " (tup _i _3j) _pij) ; _pij (prefix plus infix) has length >= 2
(tup (_o | _pij) : generate _o-values for _pij's elements or fail
| ; first parse _post elements only, on failure also reuse _j

(or *(parse _o ' (qwp | _post)) ‘(parse _o ‘(qwp _j | _post)))))
; Auxiliaries:
(ft (tup | _r) “(tup | _r)) ; _r will be bound to the tup of all arguments
(hn (apprel (tup) 1 1)) ; PROLOGish append relation
(hn (apprel (tup h | r) m (tup h | _s)) (apprel _r m _s))
(ft (oxr g | _y) @ _qg) ; first try to "@"-call goal _g (input passively),
(ft (or g | _y) (or | _y)) ; then try rest of goals _y: realizes PROLOG's ";"
; A (ft (feature tl ... tN) f) is a lexicon rule f -> tl1 ... tN that RETURNS f:
(ft (feature h u) rightshoulder) ; Binary features for contours | and |
(ft (feature d h) leftshoulder) 3 right: - left: =
(ft (feature h d) rightnose) ; = =
(ft (feature u h) leftnose) H right: | left: |
(ft (feature h d h) gmark) ; Ternary features to describe - and -
(ft (feature h u h) swing) s LR | Mgt |
(ft (feature d h u) groove) ; dhu: | | uhd: =
(ft (feature u h d) collar) : - I

; Using these rules, (parse feature (gqwp h h h)) fails, but most calls succeed:

. When normalized this gwp has
F A 40 parsings, incl. the final
3 |1 | feature (non-terminal) list:

- ; = (tup collar groove collar).
; rfi> (parse feature (gwp d h u)) ; This gwp is normalized via call-by-value
; (tup leftshoulder rightshoulder) ; and then produces 2 parsings:
; rfi> more ; a list consisting of a leftshoulder and
; (tup groove) ; a rightshoulder feature, and a unit
’ a

(ft (tst) (gwp u hdd hu h h h d))

; rfi> more list containing their "h-overlapping"
; aggregation, the groove feature.
passive non-ground term, binds x to h

; unknown
(parse feature ' (qwp d _x u)), with

; Instead of extensional feature rules use recursive pal operator as parameter:
(ft (pal) ' (pal)) (ft (pal _c) "(pal _c)) ; palindrome argument sequences
(£t (pal £ | -r) “(apprel'-m - (tup f) > r) ‘(is* h (pal-|" - m)y “(pal'“f’' h- “f))

; (parse pal (qgwp h u h d h u h)) returns a list of "h-overlapping" pal parses,
; (tup (pal h (pal u) h) (pal h (pal d) h) (pal h (pal u) h)), and a unit list.
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A Self-Normalizing Term Representation of Rotation-Symmetric Workpieces

Harold Boley

A Workpiece is written as a term with the functor wp and a variable number
of arguments representing the contour line above a symmetry axis called z.
Each argument may be a curve term of the form

(curve-type begin-point end-point | further-properties)
where curve-type is currently Line [1l] or Circle-concAve [ca]. An argument
may also be a point term (p z-coordinate x-coordinate), e.g. a degenerated
line term that reduces to its single point.
The RELFUN definitions first normalize the wp arguments in a call-by-value
fashion and then check them for ‘well-formedness': consecutive curve terms
must share a point, isolated points must coincide with adjacents points or
curve points, etc.; the reduced wp term is returned. Ill-formed terms lead
to failures [unknown].
It is not checked whether the contour line somewhere cuts itself. Thus, wp
acts as a (mostly) self-normalizing constructor for workpiece terms.
Over such wp terms operations relevant for their NC-program production are
defined (e.g. workpiece length and radius).

The empty workpiece:

(ft ! (wp)

.
’

" (wp))
Starting from the point (0,0):

(ft !(wp (_f (p 0 0) _end | _t) | _rem)

(wph “(_f (p 0 0) _end | _t) | _rem))

(ft !'(wp (p 0 0) | rem)

.
’

(wph “(p 0 0) | _rem))

Ending at some point (z,0):

(ft !(wph (_f begin (p _z 0) | _t))

*(wp (_f begin (p _z 0) | _t)))

(ft !(wph (p _z 0))

.
’

" (wp))

Checking adjacent curve terms (first's end = second's begin; no z-touch):

(ft !(wph (_f (p _zl x1) (p _z2 _x2) | _t)

Lo
’

(g (p _z2 x2) (p __z3 x3) | _u) | _rem)

(> _x2 0)
(is (wp | _s) (wph " (g (p _z2 x2) (p _z3 _x3) | _u) | _rem))
“(wp (_f (p _zl _x1) (p _z2 _x2) | _t) | _s))

Joining identical adjacent points:

(ft !(wph (p _z x) (p _z _x) | _rem)

.
’

N

(wph “(p _z _x) | _rem))

Joining a point with an adjacent curve term:

(ft !'(wph (p _z x) (_f (p _z x) _end | _t) | _rem)

.
’

(wph *((f (p _z x) end | t) | _rem))

Joining a curve term with an adjacent point:

(ft !(wph (_f begin (p _z x) | _t) (p _z x) | _rem)

(wph " (_f begin (p _z _x) | _t) | _rem))



; Constructing lines:
(ft ! (1 . Dbegin begln) _begin)
(ft (1 _begin _end) ' (1 _begin _end))

; Constructing circle segments that are concave:

(ft (ca _begin _begin _center) _begin)

(ft (ca _begin _end _center) ‘
(= (distance begin center) (distance end center))
‘(ca _begin _end _center))

; Constructing points:
(ft (p _z x) “(p _z _x))

; Selecting point coordinates:
(ft (s-z (p _z _x)) _z)
(ft (s-x (p _z _x)) _x)

; Elementary geometrlc primitive:
(ft (distance (p XD AP a2 K2 )
(sqrt (+ (expt (- —zl 22) 2) (expt (- _x1 x2) 2))))

; Specific workpiece operations:

; Workpiece length:
(ft ! (wplength (wp)) 0)
(ft !(wplength (wp (_f begm (p_z0) | _t))) _z)
(ft (wplength (wp (_f (p =) (pow2 “x2) 1T %)
(g (p 22 ~x2) (p _2z3 x3) | _u) | _rem))

(wplength " (wp (g (p _z2 _x2) (p ~z3 _x3) | _u) | _rem)))

; Workpiece curve-term types:
(ft ! (wptypes (wp)) (tup))
(ft !(wptypes (wp (_f begin (p _z 0) | _t))) (tup _£))
(ft (wptypes (wp (_f (p _zl _x1) (p _z2 _x2) | _t)
(_g (p _22 x2) (p _z3 _x3) | _u) | _rem))
(is (tup | _s) (wptypes “(wp (_g (p _z2 x2) (p _z3 _x3) | _u) | _rem)))
(tup _£ | _s))

; Workpiece edges (contour points):
(ft ! (wpedges (wp)) (tup))
(ft !(wpedges (wp (_f _begin (p _z 0) | _t))) (tup “(p _z 0)))
(ft (wpedges (wp (_f (p _zl1 _x1) (p _z2 _x2) | _t)
(8 (p 22°%2) (p 23 %3y | " a) | _rem))
(is (tup | _s) (wpedges " (wp (_g (p _z2 _x2) (p _z3 _x3) | _u) | _rem)))
(tup " (p _zl1 _x1) | _s))

; Workpiece edges' x-coordinates:
(ft (wpxes (wp | _terms)) (maptup s-x (wpedges " (wp | _terms))))

; Workpiece radius (maximum x-coordinate):
(ft (wpradius (wp | _terms))
(is (tup | _s) (wpxes " (wp | _terms)))
(max | _s))

; Tuples:

(ft (tup | _elems) " (tup | _elems))

(ft (constup _head (tup | _tail)) " (tup _head | _tail))
(ft (maptup _f (tup)) * (tup))

(ft (maptup _f (tup _head | _tail))



(constup

(_f _head)

(maptup £
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‘(tup | _tail))))

; Two sample-workpiece normalization calls in a tup (equal when normalized):
(ft (test)

(tup (wp (1
(1 (p
(1
(1
(1
(1
(1 (p

(ca (p
(1
(p
(1
(1
(1
(p
(1

(wp

(1 (p
(ca (p

(1 (p 185 13)

(p 185
(p 185

For workpieces that are not

rfi> (wp (1
unknown

(p 0 0)

For well-formed workpieces,

rfi> (wp (p
(1
(L
(1
(p
(1
(p
(p
(p
(1
(1
(1
(1

(ca (p 183 15)

(1
(p
(p

(p 0 0)

(p 0 12.
(p 27 44.5)
(p 44 44.5)
(p 44 20)

0 0)

(p 0 0)
(p 0 12.5)
(p 0 12.5)
27 44.5)

(p 27 44.5)
44 44.5)

44 44.5)

44 44.5)

(p 44 44.5)
(p 44 20)
(p 149 20)
(p 149 15)

(p O

(p

(p 185 13)
185 0)
185 0) )

(p 0 12.5))
5) (p 27 44.5))

(p 44 20))
(p 149 20))

0 0)
0 12.5)

27 44.5)
44 44.5)
44 20)

149 20)
149 15)

(p 185 13)
0 0)

0 0)
0 12.5)
0 12.5)

27
44,
44
44
44
44
149 20)
149 15)

(p 0 12.

(p 0 12.

(p 44 44.5))

(p 0 12.5)) ; this wp is normal except _a
(p 27 44.5))

(p 44 44.5))

(p _a 20))
(p 149 20))
(p 149 15))
(p 183 15))

(p 185 13)
(p 185 0)))

183 15) (p 185 15))

; this wp needs normalization
(p 0 12.5))

(p 0 12.5))

(p 27 44.5))

4.5)
44.5)
S)
D)
«5)
44.5) (p _a 20))
20) (p 149 20))
(p 149 15))
(p 183 15))
(p 185 13)
(p 185 0))

(p 44 44.5))

183 15) (p 185 15))
0)
0)) ) )

well-formed an unknown failure is produced:

lines don't meet

5)) (1 (p 0 13.5) (p 17 0))) :

like those in (test), normal forms are returned:

; calling the wp that needs normalization

5))
12.5))

(p 27 44.5))
(p 44 44.5))

a 20))

(p 149 20))
(p 149 15))
(p 183 15))
(p 185 13)
(p 185 0))

(p 185 15))
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; (1 (p 149 20) (p 149 15))
; (1 (p 149 15) (p 183 15))

; - (ca (p 183 15) (p 185 13) (p 185 15))
;X1 4p 185 13) b 185 0))Y) )

; (La = 44)

; The normalized workpiece abbreviated with (n):
((n) “(wp (1 (p 0 0) (p 0 12.5))
(L (p 0 12.5) (p 27 44.5))
(1L (p 27 44.5) (p 44 44.5))
(1 (p 44 44.5) (p 44 20))
(1 (p 44 20) (p 149 20))
(1 (p 149 20) (p 149 15))
(1 (p 149 15) (p 183 15))
(ca (p 183 15) (p 185 13) (p 185 15))
(1 (p 185 13) (p 185 0))))

For the (n) workpiece the specific operations return the following values:

rfi> (wplength (n))
185
rfi> (wptypes (n))
(tup 11 11111cal)
rfi> (wpedges (n))
(tup
(p 0 0)
(p 0 12.5)
27 44.5)
(p 44 44.5)
(p 44 20)
(p 149 20)
(p 149 15)
(p 183 15)
(p 185 0) )
rfi> (wpxes (n))
(tup 0 12.5 44.5 44.5 20 20 15 15 0)
rfi> (wpradius (n))
44.5

Ve Yo Ne Ne Ne Ve Ne Se Ne Ne Ve Ve Ne Ne Ve Ne Ne Ne Ne Se N
—
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; Grouping and Verifying the Period System of the Elements: ;
5 A Relfun Knowledge Base ;

; (c) Michael Sintek & Werner Stein March 1991

; A lot of basic physics/chemistry knowledge is encoded in the

; period system of the elements. The below Relfun knowledge base

; represents some properties of the elements and groups of elements.
; It was motivated by our work on enhanced WAM-like indexing

; techniques.

; Each entry has the following structure (the emphasis on metals

; derives from our application considerations):

; (per <number>

; (name <abbr> <name>)

; (info <a metal or not a metal>

; (eco <electron configuration of last three shells>)
H <atom weight>

: (oxi <list of possible oxidations>)))

; Using "domain-dependent" formulas, we compute groups (new notation)
; and verify the electron configuration of the entire knowledge base
; (see check-all-econs).

(hn (per 1
(name H Hydrogen)
(info n
(eco 1 0 0)
1.00794
(oxi +1 -1))))
(hn (per 2
(name He Helium)
(info n
(eco 2 0 0)
4.0020602
(oxi 0))))
(hn (per 3
(name Li Lithium)
(info n
(eco 2 1 0)
6.941
(oxi +1))))
(hn (per 4
(name Be Beryllium)
(info n
(eco 2 2 0)
9.012182
(oxi +2))))
(hn (per 5
(name B Boron)
(info n
(eco 2 3 0)
10.811

(oxi +3))))
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(hn (per 6
(name C Carbon)
(info n
(eco 2 4 0)
12.011
(oxi +2 +4 -4))))
(hn (per 7
(name N Nitrogen)
(info n
(eco 2 5 0)
14.00674
(oxi +1 +2 +3 +4 +5 -1 -2 -=3))))
(hn (per 8
(name O Oxygen)
(info n
(eco 2 6 0)
15.9994
(oxi -2))))
(hn (per 9
(name F Fluorine)
(info n
(eco 2 7 0)
18.9984032
(oxi -1))))
(hn (per 10
(name Ne Neon)
(info n
(eco 2 8 0)
20.1797
(oxi 0))))
(hn (per 11
(name Na Sodium)
(info m
(eco 2 8 1)
22.989768
(oxi 1))))
(hn (per 12
(name Mg Magnesium)
(info m
(eco 2 8 2)
24 .305
(oxi +2))))
(hn (per 13
(name Al Aluminium)
(info m
(eco 2 8 3)
26.981539
(oxi +3))))
(hn (per 14
(name Si Silicon)
(info n
(eco 2 8 4)
28.0855

(oxi +2 +4 -4))))



(hn

(hn

(hn

(hn

(hn

(hn

(hn

(perxr

(per

(per

(per

(per

(per

(per

15
(name
(info

16
(name
(info

17
(name
(info

18
(name
(info

19
(name
(info

20
(name
(info

107
(name
(info

- 14 -

P Phosphorus)

n

(eco 2 8 5)
30.97362

(oxi +3 +5 -3))))

S Sulfur)

n

(eco 2 8 6)
32.066

(oxi +4 +6 -2))))

Cl Chlorine)

n

(eco 2 8 7)

35.4527

(oxi +1 +5 +7 -1))))

Ar Argon)

n

(eco 2 8 8)
39.948

(oxi 0))))

K Potassium)
m

(eco 8 8 1)
39.0983

(oxi +1))))

Ca Calcium)
m

(eco 8 8 2)
40.078

(oxi +2))))

Uns Unnilseptium)
?

(eco 32 13 2)

262

(oxi))))



; some simple access functions

--------------------------
SO PN ED SO EEESOON OISO

(hn (element _no)

(per _no _idl _id2))

(ft (metal)

(per _x
‘(name _y _z)
‘(info m
_a
_b
_<))
_z)

; computing groups

------------------
rrrrrrrrrrrrrrrrr

(ft (group 1) 1)
(ft (group 2) 18)
(ft (group 3) 1)
(ft (group 4) 2)
(ft (group _no)
(element _no)
(<= 5 _no)
(<= _no 10)
(+ _no 8))
(ft (group 11) 1)
(ft (group 12) 2)
(ft (group _no)
(element _no)
(<= 13 _noj
(<= -_no 57)

(+ 1 (mod (- no 1) 18)))

(ft (group _no)
(element _no)

(<= 58 no)
(<= _no 71)
{= no 55))

(ft (group _no)
(element _no)
(<= 72 _no)
(<= no 89)

(+ 1 (mod (- no 69) 18)))

(ft (group _no)
(element no)

(<= 90 _no)
(<= _no 103)
(- _no 87)))

(ft (group _no)
(element _no)
(<= 104 _no)
(<= _no 107)
(- _no 100)))

- 15 -

; "generate" elements

; return metal names

; find group no. of an element

;Lanthanides

;Actinides



- 16 -

; verify electron configuration

-------------------------------
Py PP r P FPNNPPINIFPPTSINPPFPNIIITOS

(hn (check-econ _no) ; element no. must be equal to the
(is _no (sum (econ _no)))) ; sum of (econ _no)

(ft (check-all-econs)
(element _no)
(<> 0 (check-econl _no))
_no)

check knowledge base for inconsistencies
in electron configuration

enumerate the numbers of inconsistent
‘per’ entries

NSe Se NSeo N

(ft (check-all-econs) ok) ; return ok if no more inconsistency is
; detected

(ft (check-econl no) (- _no (sum (econ _no))))

(ft (offs _no) ; no. of inner shells before last three
(<=1 _no) ; (see per/3)
(<= _no 18)

0)

(ft (offs _no)
(<= 19 _no)
(<= _no 36)
1)

(ft (offs _no)
(<= 37 _no)
(<= _no 54)
2)

(ft (offs _no)
(<= 55 _no)
(<= _no 86)
3)

(ft (offs no)
(<= 87 _no)
(<= no 107)
4)

(£
(ft
(tt
(tt

(maxel 1)
(maxel 2)
(maxel 3)
(maxel 4)

2)
8)
18)
32)

max.

no.

of electrons on a shell

(ft (econ _no) ; compute electron configuration of an
(per _no ; element (returns a list)
n
“(info _m
(eco 11 12 13)
_W
0))

(lpref ‘(tup 11 12 13) (offs _no)))

(ft (lpref _1 0) _1) ; generate prefix of inner shells
(ft (lpref _1 _of) ; before last three
(< 0 _of)

(lpref (tup (maxel of) | _1) (- _of 1)))
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; auxiliary functions

---------------------
[ R A A R A IR R AR R A S i R

(ft (tup) ‘(tup)) ; evaluates its arguments!
(ft (tup _x | _ r) ‘(tup X4 o2r) )
(ft (sum (tup)) 0) ; return sum of a list

(£t {sam {tup _h>} =t)y)y (+ _h (sum' _€)))

(hn (<> _x _y) (> _x _y))

(hn (<> _x _y) (> _y _x))

(ft (mod _x _y) (< _x _y) _x)
(ft (mod _x _y) (>= _x _y) (mod (- _x _y)

; sample dialog

rrr v rrrrrr s

rfi> (group 10)

18

rfi> (econ 10)

(tup 2 8 0)

rfi> (econ 107)

(tup 2 8 18 32 32 13 2)
rfi> (check-all-econs)
ok

rfi>

NSe Ne Ne Se Se Ne Ne N Ne

_y))
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