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Abstract Together with the well-known techni-
- ques (coordinates in data base organiza-
This paper describee some new methods tion [3.4] , context number for fail-
used i n PLANNERBESM6 systemf or the im Pornts [5] and so on) PLANNER-BESM 6 sys-
plementationof PL Backtracking i s emuses some new methods. This paper
Implemented with a single stack and "no briefly de scrrbes three of such methods,
copying of activation frames is needed. Backtracking is nplehented with a single
Lists are represented as arrays of poin- stack and wi'thout copying information in
ters; the garbage collector for thisre- the stack. Lists are represented as ar-
presentationrequires noadditional neno- rays of pointers which contain the length
ry. Restrictions onvariable values pre of lists: the garbage collection used or
accompl | shed by using sem -defined thisrepresentationrequires noaddition-
structures. These methods have enabled to al space. Restrictions on variable values
achreve the hrgh efficiency of the system are accomplished with structures that are
wor K. not fully defined.
lelntroduction 2. |mplementation of backtracking
Newer programm nglanguages [ 1 There are some schenmes for i mpl emen-
tended for use in Artificia ntellrgence tin backtrack control. For example the
research have rntroduced many nemrtacrl paper 5é roposes a scheme with two
ties that make nuch nore easy he const - stacks. But rs scheme requires multiple
ruction of sophisticated Al tems. The- transfers of formation trom one stack
refore practical implement atron of these to another. The schene of uses one
Iangua%es and creating efficient methods stack and 1Is rntended for |hplemen tion
for this are the necessary and important of various control regimes. This ?enera
tasks for Al progress. scheme has been used to | mpl ement angu
Among the new | anguages PLANER | 3 Eagde cont Irzlr?lls? r[u7c]t \t/rvrr”eCh ItlloarlugvesrophblesrnlgCa
has parn ained the widest popularity. PL adapted only t o backtracking, this séheme
wes  the foi {ﬁg ntgﬂggg%geﬁﬂy:%%ﬂfc 19 & T spends the supe orf| uous spacé and time be-
No ﬁt tracts much attention: nany f?“ﬁgttﬂ)gfﬂgpgfs multiple copies of ac-
papers propose mﬂhods of its translat
on, there are some pract rcal | plehen PLANNER- BESM 6 system uses al so one
tions of it and others are being creat ted. Btack for keeping frage% of ac”rvatrﬁns
PLANNER BESM 6 systemis an inter aqu e IR Ad LS Neeer 3 SEHenE
P Rt S GG e SR
temdiffers from other PLANNER systems. f |
Th system has been designed to be an ef - : ,
ficient practical tool, “so the efficiency There is a list called "archive' that
of he Iangua%e | mplementatron which is roughly corresponds t o 'failist' of sche-
the heel of Ac |||es PLANNER has be- me [6] . Archive saves information on
en given mre attenti on rather than changes of variable binding, data base
aimng to implement al | thout exce%tron and 'so on, made by the program For each
features of PL Sone features whi ch changed object archive keepS its location
are not the main within the language but in menory and its prevrous state. Using
require the superfluous hmmry and " time this the system will restore the prevr-
for their |mpIementat|on have not been ous states of the objects when a failure
rntroduced into the input language of occurs Wrthrrr the program
this system For example the | nEut | angu " :
age uses onl recursive and backtrack re- Stac contains information needed for
gimes and prohibits actors' utilization functions' elaboration. Upon entry to a
'n matching patterns. This has enabled to functioncertain storage, called’a fram
use methods that increase the eff|c|ency Ofthefunct|0n aCt|Vat|0n |Sallocated
of the systehrwork in the end of stack. Any frame occupies
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aI ways one contl nuous pi ece of stack spa-
e head of a frane contains activa-
on nane, a pointer Ar t o archive and
nks of this frame: a pointer | (see be-
W, a po |nter AL which specifies the
ble bindings accessible within this
a pointer CL to the calling frane,
eturn address, Rt to the caller (thus
optinuation point is saved in the cal-
frame). A frame nay al so containin-
mation ‘on exit actifons of the activa-
n. Anot her space of a frane hol ds tem
y intermediate results and local va-
es' bindings, if any, of the functi-
ng the whole activation the size
anme 1s constant (while the con-
frane nay vary?, so the size iIs
activation entry and then does
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f afunctionhasn't set any fail-
oint during 1ts elaboration and if the
unction exits, then the frane of this
functionis renoved out of stack, i.e. a
pointer s to the end of stack wil |
again point to a cell upper this frane.

during an activation a failpoint. has

been set; thentheactivationframeis
retained in stack. In this case the poin-
ter s is not changed. A consequence oOf
this Is that the frame of active function
s not always |ocated in the end of stack.
For h s reason there is another poinfer

P/S points t o t he frame of
functl n tha |'s active now The active
functlon uses this pointer i norder to
access It s own frane. &newfranei s

created, the value of r becones a || nk

and then r Degins to point to the
head of t he nevvfrarre | ater, when t he
function exits, CLwil| be transfered to
r. Therefore V\/lthout fallpoints the p n-
ters s and r are changed synchronous

| y, which corresponds tonornal”recursive
r égi me.

Ven a function has t o set a fail-
oint, it allocated information on this
ai | point inthe last cell of its frane
and then fixes a pointer f to this cell
(the third stack -
0|nts to acell
point).
address PP 0f the previous fa|
and 'reaction address’ RA that
address of the interprete
whi.ch will performcertai
fallurereturns contro
Pig. 1 shows t he cont
for A\@G(4IJON

e nonent when this fu
a failpoint before retur
sel ected value - 4

terSIt | S ROSSI bl e bgetemarln%m %e ol n

not a functlon has set a fail p0|nt and
enc%to determ ne whether or not a frane
of the function should be retained in
stack. If on a functionexit »<gf£ then
t he functlon has a fall poi nt S0 the poin-
ter s S not can%qeI ot erwmwse s va-
ées Pi g. estates of stack
pol nters e, at different

of

point cell
IS an
instractions
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ference that has before been placed in

cell by so this reference ie transfered
tocell b, marker « + ¢ | s renoved out of
cells a; and b, and then the contents of
cell b 1s treated on conmon base.

| n ALANNER BESM6 systemthe | st

space i s placed in the bottomof nenory,
hence al | references from other spaces to
this space are references down. | n order
to avoid scanning other spaces in the se-
cond stage, al | references of those spa-
ces to the |ist space are treated i n the
first stage as described above.

The third stage of the garbage col -
lection i s linear scanning the |ist space
frombottomtotop, noving al | narked
pointers (to the space bottom and chang-
Ing al | references up. This stageis si -
mlar to the previous stage but each re-
ference up i s noved to new |l ocation first
and then it s newaddress is used.

4., Restrictions on vari abl es

Mat chi n% two patterns is used in
function MN or during theorens' invo-
cation. (e of problens here is the im
pl ementation of restrictions on variable
val ues. Wen a pattern natches anot her
Fattern sone vari abl es get no val ues but

heir future values are constrained. For
exanpl e on el aborati on of [ MATCH*X * Y]
(prefix '*' neans 'to assign value to va-

riable') novariabl e gets a val ue but
their future values will be equal. An-
ot her type of restrictions appears in
mat ching a variable with a list which
contains vari abl es. For exanple on el abo-

rationof [MNTCH * | (*YA .Y)] the fu-
ture value of Xwill be a list with three
el enents, the second of which is atomA,
two others are equal and are the future
value of Y (prefix '." neans 'to get va-

lue of variable").

Since the input |anguage of HANNER
BESM 6 eystem prohibits actors' utiliza-
tion in mtching two patterns, restric-
tions on variabl e values nay be of the
above types only. This restrictions are
| npl enented i n such nanner.

New data type 'sem-defined structu-
re' isintroduced. Thisis astructure a
part of which is not defined, nanely, a
| nner (not accessible to users) variable
W thout a value or a |list sone el enents
of which are sem-defined structures. If
a variable gets no a fully defined ('re-
al ') value 1n matching then ite val ue
(SD-value) will be a sem -defined struc-
ture. This D value is constructed with
the pattern which has been confronted to
the variable: al | variabl es of the pat-
tern are substituted by their values, in
particul ar by SDvalues, wherever pos-
sible; the rest of variables get refe-
rences to sone i nner unassi gned vari abl es
as values, and then these references are
inserted into the pattern. Thus any va-
riable has a value always but SD-value is
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not accessible to users.

| n mat chi ng SDval ue behaves as wel |
as 'real' value: object confronted to a
variable with SD-value nust nmatch S va-
| ue. A consequence of this is that a va-
riable ny get only the 'real' value that
matches the existing SDvalue. |In general
case, any newrestrictiononvari abl e va-

lue is 1mmediately checked on conpati bi -
lity with the existing SD-value, and i f
they do not conflict then their 'inter-

section' will be the new SDval ue of the
vari abl e. This check often allows to de-
fine the full value of variable i n proper
time* For exanple this takeszpl ace for
[MATCH ("X . ((*YA) (B*Z))} .

Cross-references anong 'real' vari ab-
| es are acconplished by val ues si nce
i n general case each inner variable is
eferenced by sone sem -defined structu-
es. | f a sem-defined structureis fil-
ed in fully or partially then all or so-
me inner variables referenced by this
structure get val ues, and hence sone
other sem -defined structures are al so
filled in fully or partially. Since
cross-references anong 'real' vari abl es
are acconplishedindirectly, throughi n-
ner vari abl es the existence of which
doesn't depend on the existence of 'real’
vari abl es (but depends on anmount of refe-
rences to them, soit is not necessary
toretain 'real' variables i n nenory only
because of the programhas defined 1inks
anong other 'real' variable by those. SO
when a theoremhas set no failpoints then
| t s frane i e renoved out of stack even i f
there are cross-references anong gl obal
vari ables through i ts I ocal variables,
because the exi sting inner variables are
holding this |inks.
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