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The use of expert systems
in lithic analysis

RFsr.rl,
Dans cet article, nous presentons l'emploi de systi-

rnes experts por.rr I'analyse fonctionnelle, technologiquc

et rypologique des outils en pierre. Les systdmes expefts

sont des programmes informatiques qui " mod6lisent " le

comportement des expefis. Le savoir et le raisonnement

d'un expefi humain sont incorpor6s dans le programme

informatique sous forme d'une s6rie de rdgles fbrmelles

et de d€finitions prCcises des variables utilis€es par

l'expert pour son analyse. Ce genre de systemes peut

assimiler des donn€es plus cornplexes que celles que le

cerveau humain est capable de traiter, et il approche de

I'intelligence artificielle. L'usage de ces systemes expefis

donne des r6sultats plus pr€cis dans f interpr6tatitln de la

fonction des outils en pierre. l)ans les tests aver-rglcs, ils

ont pr()duit de meillcurs r6sultats qu'un expert hrrmrin

individuel. Etant donn€ que les programmes technologi-

ques et typologiques sont r€gis par des rdgles formelles

plut6t que par les caprices d'experts humains, les r€strltats

en sont rrut i fait coh€rents, et l'on peut donc effecttter

des comparaisons directes entre analyses diff€rentes.

Introduction

The need to correlate

involved in micrc>wear

all the different variables

analysis, including the

Roger GRACE*

ABSTRAcT

This paper presents the use of expert systems ior the

functional, technological and typological analysis of

stone tools. Expert systems are colnpLlter programs thet

" model ' the bel'ravior of experts. The knowledge and

reasoning of the human expert are incorpotated into the

c()mputer program as a series of explicit rr-rles and precise

deflnitions of the variables used by the expert tirr analysis.

Sr-rch a system can accolttlllodate more cornplexity than

the human mind is capable of handling, ancl it is on the

thresholcl of Artificial lntclligcnce. The use of such expert

systems produces more accLlrate results in interprcting

the fr,rnction of stone tools. In blind tests, l>etter rcsults

have been achieved than by any individual human

expert. As the technological and typological progralns are

governed by explicit rules, rether than the vagaries of

human experts, the results procluced are entirely (l()nsis

tent, and therefore direct cornparisons can be tnaclc

between clifTerent analyses.

morphology of the tools and low p()wer Llse-wear,

such as macrofractLlres, is accepted by even the

most enthlrsiastic proponents of distinctive

microwear polishes. For example, in thc paper by
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Ranrfi>rtlr et a/. (7990). it is stated that " thc high-
nragnification appr<>ach relies largely, although
not solely, on diff-ercnces in the appearance ctf
p<)lishes... " (ibid. :11./+) ,but" all (tutl]<>rs'italic.s)
pc>ssible sources ol-inforrnation shor-rlcl be u.sed tct
sLrpp()rt an interpretation, inch-rding all varieties of
r.nicr<>wear traces, <>velall tool size and shape and
archaeological  context  "  ( ib id.  :  475) ,  and
. ... successful interpretations of st()ne tools, Ltses
depcnd on as m:rny l ines of eviclence as possible
and do n<>t clcrive solely from the examination of
polishes " (ibid. : 476). So that rhe cc>ncenrrarion
on the obseryation of the appcarance of p<>lishes
has now, l>een largely altanclonecl in moclern
microwear analysis. It is interesting to note that,
when thcrc is an apparent cliscrepancy between
the appcarance of a polish and other solrrccs of
infirrrnation, the distinctive natllre of the poli.sh is
rejectccl. As in the case of tool number 3 in a blincl
test, . the smooth, inflatecl character of thc mctst
clevcloped polish on the edge might resr-rlt fictm
plants, but the eclge clamage and abrasion make
this unlikely. This t<>ol was probably usecl on
r.vcr<cl. " (Bamforth et al., 1990 : 4LT. So t1-rat the
. eclge damage 'ancl . abrasictn " take pri<>rity over
the . di.stinctive , appearance of thc pc>lish, when
correctly interpreting the workecl lnatcrial of this
to<>l in the blincl test.

Expert systems

The sir"nlrltaneoLls examination of all these
different s()Lrrces of use-wear informati<>n in a
consistent and coherent m:lnner wor,rld be an
advantage in obtaining m()re accurate re.slrlts in
microwear analysis. In the mr_rlt i-dirnensional
methocl (Grace et al.,7988), there are 33 interde-
penclcnt variables, ancl an expert systcm has been
cleveloped in order t() pr()cess this clata ; . an
expert system is a compr-rter program which uses
non-nurnerical domain-specific knowleclf{e to solve
problems with a cornpetence comparable with that
<>f hr:man experts " (Dctran, 1988).

The reasctn for r-rsing the expert system approach
is that microwcar analysis has been developed
fiom the expe rience and expertise of practitioners.
Tl-ris has led to problems in thc clevelopmenr of
Llse-wear rncth<>dology because rnuch of the

Il. Grr..r<,n

knorrn'leclge reqr-rirc'cl firr rnicrctwear analysis has
been cnrpirical and relatecl to the specific research
of the individr:al practitioner. This sr-rbjective and
inclividural knowledge has tl.ren been transferred to
completely diffcrent circlrmstances, witl-ror,rt any
r-rnderstanding of the pr()cesses that are involved.
Ilecause knowledge has been acquired in this way,
a major failing has been the lack of cxplicitness
both in the natr-rrc of the data and in the reasonrng
behind the interpretation of that data, as the basic
interpretive technique has been analogy. If r_rse-
wear on an archaeological tool matches that on an
experimental tool, both sets ()f Llse-wear arc as-
sumed to havc l>een derivecl fkn the same set ctf
circumstances, without any explanation of why
that shotrlcl be, or whether the same set of use-
$'ear attril)utes can arise out of clifferent activities.
That is, an archaectlogical tcxrl was usedfctrscruping
wood because it has Llse-wezlr which looks like
that on a tool that wa.s experimentally r-rsecl fbr
scraping wctctcl. Practitir>ners that have concentrated
on polishes go even flrrther by saying it is " r.vood
polish , because it lctoks l ike polish experimentally
pr<>cllrced by working wood, while they admit they
cannot explain why wood polish shor-rld be any
cliff-erent from any c>ther polish. The datu is recorded
in a non-systematic way mainly r-rsing vagure des-
criptions. The blincl test tool mentioned abc>ve is
clescribed as having edge damage ancl abrasion
(llamforth et ctl.,7990 :4I7),|>ut edge clamage ancl
alrrasion are n()t cleflned, ancl no valr_res are placecl
on these varial>les. It is sirnply statecl that the eclgc
damage ancl abrasictn clo n<>t look like those
produced lty contact with plants. This leaves tl-re
reader in no position to assess whether they agrec
with these statements abor-rt the clata or thc rea-
soning. The first major advantage of using an
expert system for micr<>wear analysis is the act of
writing it.

. The process of developing an expert system
has an indirect beneflt also since the knor,vleclge of
human experts must be pLlt into an explicit forn for
entering in the computer. Because the knowledge
is then explicitly known instead of being implicit
in the expert's rnincl, it can be exarnined for
correctness, consistency and completeness. The
knowledge may then have to be acljr.rsted or re-
cxzrmined, wl'rich improves the qr.rality of the
knowledge. " (Giarratano, Riley, 19i19 : 5).
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The fast expert system

Figure 1 : A illustrates the flow chart fol the
FZSI(Functional Analysis of Stonc Tools) expert
system computer program. The first stage in the
development of an expert system is to clesign the
data base for storing the information in sr-rch a way
that it can be easily accessed and input into the
program. The HypercardrM application r-rsed on
Apple MacintoshrM computers is icle al for this, as its
design is based on the idea of a card index file
(hence Hypercard). The data card for the recording
of the clata is ilh-rstratecl in figure 1 : B. Each data
card of a nsed to<>l is linked to an outline drawing
of that tool (fig. 1 : C). The data is automatically
enterecl into the data cards by accessing a card for
each variable that contains the values that the
variable may take, and then . pressing " the ap-
propriate br-rtton using the computel'. mouse ,. In
the example of fracture types (fig. 1 : E), these are
flakes, steps, snaps, flakes and snaps, flakes and
steps, flute, burin, torsion, retouch, othcrs (com-

bination of fractures other than th<tse mentionecl)
and absent. The definition and description of these
fracture types are containecl in a cctmprehensive
manual that accompanies the expert system, and
eachvariable and its respective vah,res arc clescribed
in Grace 1989. As a reminder, each variable card is
Iinked to an example carcl (fig. 1 : D, for fiacture
types).

The data is then transferred into the IZSZ
program. Each attriburte, that is the vaiue of each
variable (e. g. edge angle of 50 degrees), is used to
give an inclication of motion or hardness of material,
or both, according to a set of rules. For example,
the variable edge angle is divided into ranges so
that the vah-re of the edge angle for a particular tool
will fall within one of those ranges, giving the
corresponding indication, i.e., if the eclge angle
: 42 degrees, this indicates " cutting c>r scraping a
medium material " (as in the exampie of tool 33 in
fig. 1). Note that the absence of a vah-re for a
variable can be diagnostic. The data in figure 1 : B
shows the absence of rounding for t<>ol 33, together
with an edge angle of 42 degrees ; this indicates a

" soft to medium material ', because, if the worked
material had been hard, then some rounding
wor-rld have been expectecl <>n a 12 degree angled
edge. Conversely, the valuc of a variable may be
non-diagnostic. For example, there are microflakes
on the ventral surface of tool 33, but, as flake
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fiactr-rres can ()ccur with almost any mcttion and
with any worked material, the presence of these
flakes is non-diagnostic. W'ith retouchecl edges, the
value " retouch , is entered because of the clifllclrlties
of separating use-wear fiactr-rres from retor-rcl-i.

This process is repeated for each attribr,rte. The
program automatically assesses the attriblrtes and
enters the relevant inclications into two cards, one
of which contains infbrmatic>n conccrning macro-
observations (r-rse-wear scen by eye and with
low magnification, fig. 1 : F), and the other card
contains the inclications clerivecl from mrcro-
observations (lrse-wcar seen with high megni-
f i c a t i o n , f i g .  1 : G ) .

The syntax for thesc variable rules is very
simple ancl tzrkcs the fbrm of,

IF Icondition] THEN PUT [indication].
For example, IF (edge angle < 30 degrees)

THEN PUT (cr-rtting soft material).

The rules may be more complex, involving 2
or more conditions to take account of the interaction
between different variabies.

For example ; IF (fiactures are ahsent) AND
(edge angle > 30 and < 60) THEN PLIT (meclium

material).

The parameters c()ntainecl in these rules are
derived from obscrvati()ns of experimental tools.
The inclicati()ns arc then cor:ntcd, again according
to a set of ruics.

For exarnple,
EACH VARIABLE COT]NTS AS TWO POINTS

[except thickness, which has a maximum of 1]. This
is bccause thickness only has two values (< 4 mm
<>r > 4 mm) and is not very discriminatory and
consequently less important. Therefore, it cerrics
less " weight ,.

IF EITHER SURFACE HAST\TO INDICATIONS,
THEN EACH COUNTS 0.5 POINTS UNLESS OTHER
SURFACE IS . retouch', . no polisl-r '  OR . ncr
effect " THEN THEY COUNT ONE POINT EACH.
If an indication contains two alternatives sr-rch as
.SOF"I/MEDIUM for micnrrouncling (as in fig. 1 : G),
then SOFT would receive 0.5 point, br-rt doubled to
1 point because the otlter sr-rrl)ce is retouched.

. NON-DIAGNOSTIC , COUNTS NO POINTS,
is self-erplanatory.
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" GROOVING ,,. \7HITTLING ,ancl" PI'IRCLIS-

SIVE , scores are doubled. This is l>ecar-tse the

attributes that indicate thcse tnotions are lltorc

diagnostic than others, and so this a rnethocl of

weighing the var iahles.

The results of the cor.rnting rules are entercd as

SCORES into the interpretation card. In the exam-

ple, this gives 12 inclications of scraping, 1 of

cutting, 5 of a soft material, 8 of a medium material

and 1 of a hard rnaterial (fig. 1 : H). Then the

function rules are applied. Fc>r example,

I F . c u t t i n g "  < 4  A N D . s c r a p i n g ,  > 8  A N I )
. grooving " < 2 AND . whitt l ing,, < 2

THEN PUT. SCRAPING'

IF. soft ,> 4 tn<l< fl AND . meclir-rm , > 0 ancl
< 2 A N D " h a r d " : 0

THEN PUT, SOFT

IF "  sof t ,  < 6AND. medium, > 5 AND. harc l  "
<4

THEN PUT " \rOOD'

More complex rules involve combining motions

with materials, and in certain cases also inch-rde

morphological infrrnnation concerning the tools.

IF " soft '> 2 ancl < 6 AND . mcdium '< 8 AND
.ha rd ,  <2  AND MOTION +  "wh i t t l i ng ,  OR

" boring/drilling " OR " grooving , OR. chopping/

adzing "
THEN PUT. HIDE ,

This rule is constructed in this way because

whittling, boring, drilling, grooving, chopping and

adzing are motions unlikely to be r,rsecl on hide.

IF .  so f t ,  :  0AND.  med ium,>  3  ANI ) .  l - r a r c i  "
> SANDMOTION*.  whi t t l ing,OR" cut t ing "OI i

" piercing, OR" chopping/adzing, OR. grooving "
AND SUBTYPE + " facet , (when referring to a

br-rrin)
THEN PUT. STONE ,

This rr-rle is constructed in this way because

whittling, cLltting, chopping and adzing are unlikely

motions to be usecl on stone, and grooving stone

is more likely to l>e carried out with the burin " bit '

rathcr then thc " frcet -
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If the scores for motions and rnatcrials fall

witl"rin the parameters in the program, then an

interpretation will be macle of motion, hardness t>f

rnaterial ancl precise worked material. In the casc

of the example tool 33, the program gives SCRAPING

a SOFT/MEDIUM material, probably HIDE (fig. i :

H), which is c()rrect, as tool 33 was an experimental

t<<rl r-rsed in a blincl test (Grace et al.. 1.988).If the

scores ckr n<>t fnll within the parameters for rnotion,

harclness or workecl material. then the program

gives . INSUFFICIENT DATA ,. This will apply if

thcre is insr-rflicient Llse-wear on the tool to be

cliagnostic or if thc Llsc-weur is not consistent with

a particr-r1ar r,rse. That is. it clc>es not rnatch the use-

wear of tools in the reference collection of experi-

mental tools from wl-riclt thc paramcters were

derived. This rneans the progratn can sLlggest a

material that has not been str-rdiecl l>y experirncn-

tation and so is not inclucled in the pr()graln.

Tool 44 used on cortex is an exatnple (Grace,

1989).
Prior to the development of the cxpert system

compllter pr()gram, the interpretation of eacl'r

attribr-rte had to be done by assessing the informa-

tion and the complex interrelationship bctu'ccn

attribr-rtes in one's head. as it is where. FA.lZcarries

oLrt this process aurtomatically. This not only speeds

r-rp the process, but makes it completely consistent,

as the same set ()f rLrles arc applied each time. The

20 tools usecl in the last ltlincl tcst carried out at the

Institlrte (Grace et al., I98il were usecl to deter-

mine tl-re paramcters lty which the rules were

applied in order to make the functional interpre-

tations. That is, the clata that was recrtrdcd for that

blind test rvas usecl as the training data fcrr devel-

oping the program. The cfticacy <>f the progrem is

demonstrated by it's achieving a resttlt clf 18 out of

20 correct interpretations of precise workecl mate-

rials. The two tools that were not c()rrectly idcn-

tified were tool 38, for which the computer gave

" insufficient data , (used on bark), ancl tcxll 14.

wl-ricl-r was designated . insufficient clata " (this

being r-rsed on cortex which was not prograrnmecl

into the computcr). The same scoring system as

r-rsed in the blincl test was applied ; therefore, tcr

achieve a point, the precise worked material had

to Lre iclentificcl. If the tool was ursed on antler. then

only an answer of antler was awarded a point, not

alternatives like l>one/antler. This 90 0/o success

rate is a significant incrcase on the result achieved

by any of the analysts in the original blind test, the
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maximum score achieved being 60 %r. Howevcr, as
the blind test data was used to develop the
program, this high rate of success is rnisleacling.
The real test of the program is when a c<>rnpletely
new set of data is used. The first 10 tools r-rsed in

blind tests at the Institute (Newcc>mer el al., 1986)
were obserued, and the data recordecl, and then
used to test the program. Of the 10 test tools, one
was unused, and ant>ther was usecl as a projectile

point that struck unknown material, leaving 8
precisely kn<>wn rnaterials that the tools were used
on. Of these U t<><>ls, the precise worked material
on which 6 of thern had been usecl was identified
by the program. The two not identified were tool
2, for which the compr-rter gave " insufficient data '

(actr-rally used on shell), and tool 10, for which the
c()mpLrter gave " antler ", but which was used on
wood. In the original test, only two of these 8 were

correctly identified. Though the fr-rnction of these

tools was known. this was a blind test as the

computer did not have this infbrmation. Evcry tirne
the FASTprogram is run constitlrtes a l>lind tcst.

The use of expert systems for fr,rnctional analy-

sis has improved the methoclology in a number of
ways :

1. Increased accllracy (tablc 1).

2. Rec|-rction of thc time reqr-rired fbr analysis.
In the original blind test (Newc<>mer et al., 1.986),

each analyst hacl the tools for two weeks. The

analysis of the sarne tools by I.AS7'took 2 hours.

3. Increased c()nsistency and standardization.
The devel<>pment of an expert system means that
the observational techniques have to be system-
ized, ancl tl-re rtrles provide a basis on which results
can be assessed. Two analysts usin€l the same
program will obtain the same results.

4. The expertise gained over many years of
research is made available to less experiencecl
practitioners. One of the features of expert systems

is that. the expert system may act as an intclligent

tutor by ietting the student run sample pro€lrams

and explaining the system's reasoning. , (Giarratano,

Riley, 1989 : 5). The FAST pr<>gram is currently

being used as a teaching program fcrr learning use-
wear analysis.

If the FAsT'results ft>r the tools used in all blind
tests at the Institllte of archaeology (Newcomer e/

al., 1986; Grace et al., 1988) are combined, an
estimation of the accuracy of FASTcan be made.

l l. (ln.r<:r

Motion Hardness Material

IVIACRO
correct
insufficient data
wrong

MICRO
correct
insufficient dala
wrong

97 "/.
o " k
3 "/.

100 "/"
o %
o "/"

6 6 %
31 "/"

3 " k

97 "/.
3 " k
o "/.

2a"k
44 ak

28 "k

83%
1 0 %

n = 2 9

Tab le  1 .

This means. at tl'ie lcvel of motion and relative
harclness, lnacroweilr gives 66 %o correct identifica-
ti<rns, with only a 3 0/o error. the remainder being
r-rniclcntifialrle ancl therefore omitted from the

calcr-rlation of furnctional configr-rration (see be-
l<rw). Microwear gives 97 0/o correct identifications,
witl-r a 0 %o error of motion ancl hardness. blrt ()f

c()urse takes much longer, whereas malcr()wear

can be applied to far larger samples. At the levcl of

correct motion and precise workecl material,
fracrowear only achieves 28 o/0, u'itl-r a 2f] %r crf()r.

This low rate of sLrccess is to be expc'ctccl when
r-rsing only macro-Llse-wezrr inftrnnation. Microwear

gives 83 %o correct identifications at the precise

worked materizrl level. with r7 ol) error.
'Wl-rereas 

practitioners c()nccntrating largely on
polishes have nc>rv al>anclonecl any attempt to
separatc identification of bone as opposed to

antler, tl-re .&4S7prograrn still achieves this distinc-
tion. Of the 3 t(x)ls usecl on bone and the 5 tools
r.rsecl on antler, all were correctly identified. Three

of the tools usecl on antler were used on soakecl
antler ancl, the program correctly identified 2 of
these as being r-rsed on soaked antler. So, in terms
<f separating bone and antler, the FAST program

achieves 100 %o success with this sample, ancl can

even separate soaked frorn dry antler in ,{ otrt of

5 cases.
These figures compare favorably with tl-xrse of

the latest published blind test (Bamforth et al ., 1t)90),
which, accepting the figures as publishecl (ibicl. :

425), achreve a sllccess rate of 81 %o fbr rnotion (as

compared to I00 %for FAS.I) ancl 65 %o for workeci

materiai (as compared to t3 3 o/o f<>r FAST). If the same
rigor of precision was applied to this test as is

requirecl of -&4S?l then these scc>res forthe Ilamforth
et al. test wor-rlcl have to be re-assessed. For
example, tool 11 w:rs used for cutting fish; the
interpretation of cutting meat is regarded as correct

on the grouncls that . if we can accept that fish is
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a type of meat (or at least a type of f lesh), the
interpretation... is cssentially correct., (l larnfirrth

et al., 7r)90 : 420). This answel w<>lrlcl have re-

ceivecl no points in a l>lincl test usecl to test -FZS7|
Also, the results fr'om ,&4SIon test tools 1-10 refirte

the clairn that . the poor results in thc Institr-rte

blincl tests clerive from attempts to interpret

Lrninterpretable traces of r,rse ... " (ibid. : ,128). The
tools are the same tools, the dif-ference is the

methocl, demonstratin€l that an expert system that
incorporates all kinds of use-wear traces, of which

polish is only one, increases . the sophistication of

this method of analysis. ,. which Bamfcxth et al.

call for (ibicl. : 429).

The litban expert system

A clevelopment of tl-ie lrse of expert systcms is

to integrate the reslrlts of flrnctional analysis with

typological ancl technological information. T<>-
warcls this airn, a new cxpert system has been

clevelopccl f<>r thc classification of thc tcchnology

ancl typology of tools. This pr<>gram is ref-errecl to
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as LITHAN (LITHic ANalysis of stone tools). This

expert system firllows the sarne proceclures as
lir157i Figr-rre 2 : A ilh-rstratcs tl-rc'clata carcl. Mctrical

attriblltes of the tools sr-rch as length, wiclth ancl

thickness are entered, ancl tl-ren non-metrical at-

tribLltes are enterecl by accessing carcls with the
alternative values of each variable and . pressing ,

the appropriate button. For example, for the posi-

tion of retouch; distal, left lateral, right lateral,
proximal or clorsai riclge, in the case of crested

tools (fig. 2 : B) Each of these cards is linked tcr

another card that explains the values (fig. 2 : C).
Rules are then applied to interpret the blank

type, knapping technology, hammer mode, amount
of cortex, and the " type , of tool. Blanks can be
blade, bladelet. f1ake, chip, fragment or churnk.
Knapping technology can be blade, flake or
Levallois. Hammer rnode will be soft or hard. and
c()rtex is broken down into 4 categories, depend-
ent on the percentage of sr-rrface that is cortical (this

infonlation being r.rsefirl in the reconstruction of

redr,rction strategies). In the case of t<nl 33, this
gives a non-cortical morphological f lake that was

rnacle r-rsing a l>lacle technology with soft hammcr

oo

oo
Fig. 2. LITHAN experts system.
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ancl is an endscraper (fig. 1 : C ancl f ig. 2 : D).

Often, there is insr,rfficient data to iclcntify sucli

categ<>ries as knapping technology or hamnter-

mode, particr.rlarly when the to<>ls arc broken ancl
thc proximal encl is missing. In sr-rch cases, they will

be designatecl . incleterrninate ,.

Examples of  r r . r les '

IILANK TYPE : if length/wiclth ratio > 2 ancl
width <12 mm. then put " IILADtsLET,

TECH TYPE : if platform Thickness < 5 and
ButtType :. prepared 'and Sides:. parallel , and
Ridges : . para11el, then pr-rt . TECHIILADE

HAMMERIIODE : if percr.rssion Cone : . nc>

cone, ancl br,rtt : " ur-r-l ipped, and br-rlb : " dif-

ftrse " then plrt . SOFT HAMMER ,

TYPE : if diff (length - width) > 0 and clistal
Retorlch : . DISTAL, then pr-rt. IINI) SCRAPER,

Gcneral categories like cnclscrap<:r are flrrther

sr,rbcliviclecl l>y applying scconclary rnlcs :

f . if enclFor ROUNI) , then put " ENI)

SCRAPER,
2. if endFonn : . CARINATED ' then pr-rt

" CARINATED END SCRAPER "

The actual rules run to some 20 pages of pro-

gramming in order to cover as many alternatives as
possible. These rules are being constantly updated

and expanded. The main advantage of the LI'LHAN

program is consistency, in that anyone using the
program will obtain the same results, eliminating

some of the idiclsyncrasies that often occur with

incliviclual typologists. Als<>, years of experience of

a nrlmber of typologists are encapsr-rlatccl in tl-rc
program s() that this accumlrlatecl experiencc is

met le ev l t i l l t l r le  to  t l tc  novi t 'c .

The lithics data base

Tlre results from.FZSZancl fr<>m LITHANaTe then

collated into a clata base. Tl'rat is tl-re interprctations

are aLrtomatically inpr,rt into a LITHICS data base so

that each item of debitage, both usecl and unr-rsecl,

has a carcl giving the tool's number, type, blank,

technology, hammer mode, amount of cortex ancl,

if used, an interpretation of the function of the tool,

R. Grucl

botir at tl-ie rrlacro- ancl n'ricrolevel (fig. 3 : A). In the

erample <>f toc>l 33, the macrofunctional inter-

pl'etation 'uvas oF SCRAPING a MEDIIIM material,

with INSUFFICIENT DATA to identify the precise

material ; tl-re microfunctional interpretation is of

SCRAPING a SOFT/MEDIUM material, most prob-

ably HIDE.
This clata base can then be searchecl to obtain

information and statistics. For example, the nurn-

bers of each blank type can be automatically
generated (fig. 3 : B), and the nr.rmber of used as

opposed tc> unused tools (fig. 3 : C). Also, the type

list is automatically generated and displayed (fig. 3 :

D). These statistics and lists are extracted by simply

" pressing ' the appropriate button to activate the

search pro€lrams. Then correlations between such

things as typology ancl function can be made, or

the kind of tools that were used correlated with

blank types that are present in the assemblage etc.

Also. fr-rnctional typology can be alrtomatically

cxtractcd.

Functional configLlration

Functional interpreturticins, at the level of the

5 basic motions - cr-rtting, scraping, rotati<tnal,

percussive and projectiles -, and the 3 hardness

categories- soft, medir-rm ancl harcl -, can be ex-

tracted (fig. 3 : E) and ar-rtomatically produced as a

graph representing the relative percentages of

these functional types (fig. 3 : F). At this level of

functional interpretation, a high level of accuracy

can be achieved and often obtained by the use of

macro-information only (tablc 1). This consider-

ably speecls up the process of analysis. The result-

ing fr-rnctional typology can be interprcted in terms

of site function, rather than simply the furnction of

indivich-ral tools, by cornparing the functional con-
Figr-rration r'vith moclels <>f particr-rlar kinds of sites
(Grace,  1990).

F<>r exarnple , tl-ie resr-rlts pnrcluced from apply-

ing these expert systems to thc Mes<>lithic site of

Thatcham in Englancl ancl the extraction of the

firnctional configtrration from the clata base (fig. 4 :

A) lead to the interpretation that the site represents

a home base (Grace, in press).
The fr-rnctional configuration of the Thatcham

sample has been comparecl with models of site

function. Figure 4c is the functional configuration

of a model " kill site , having a high incidence of
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Fig.3. LITHICS data base

clltting (butchcring) tools, pcrcr-lssi\''e action ()n

hard materials (joint separation) and proiecti le

points. The model of a . home base , (fig. 4 : 13) is

derived from the experimental replication of a

generalized tool kit where most activities are

represented, the exception being percussion on

soft materials, which is an unlikely activity. The

results suggest that most activities are represented

at Thatcham, giving an overall site function of a

. lromc l>ase " (comparc ftg. 4 : A and see Grace, in

press).

The histograms of " fr-rnctional configuration '

are based on calcll lating the percentage re-

presentation of each functional type in 5 o/o incre-

ments. Tl-ris procedure exaggerates the representa-

tion of functional rypes having few units. For

example, the 5 o/0. block , for projectiie points in

figure 4 : A represents only 1 prolectile point. This
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procedlrre is adoptecl l>ccause the histo- grams zrre
designecl to illustrate the spread of activities rather
tlian tl're absollrte numbers or percentages. As
ilh,rstratecl in figr-rre 5, the. shape 'of the fr.rnctional
configlrration of the hist()gram reflects the percent-

a:ae rcprescntati<>n of clif-fcrent r-rscs.

Inforr-nation such as which retor-rchecl tools
were usecl and how they were r-rsed ancl how this
relates to used unretouched tools, the relationship
l>ctween blank type and function, the relationship
between technology and f'unction, etc., can be
easily obtained from searching the data base.
Having all this information available helps tcr
understand the lithic assemblage not iust in terms
of functlon, but also of all the different aspects of

R. Gn,r.cn

lithic technology that goes into the prodr-rction

of tools. This in turn l-relps to Llnderstand and
reconstrulct the process that lies behind the lithic
asse rnblage.

Conclusions

Future developments of this integrated suite of
expert systems will include spatial information, so
that distribr-rtions of types (where thc endscrapers
are) or blanks (where the blades are) or particular
activities (where the hide scrapers are) can be
generated, or any combination of these different
aspects of the lithic material. So, for example, the

O That rham

O 
'home base '

O 
'k i l l  s i te '

Fig. 4. Materials are in the order sofVmedium/hard in each motion category
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al l  too ls
eHpressed perrent f lges

Fig. 5. Materials are in the order sofVmedium/hard in each motion category

.  f l in ts
n trf,hre

Fig. 6. Distribution of flints and ochre automatically generated from the data base.
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locality of a ch-rster of blades, macle into enclscrapers
ancl used for scraping hide, cor-rlcl l>e extractecl
fr<>rn the clata base ancl illtrstratecl on a plan. This
facility will rnake possiblc the recognition of activ-
ity areas within a site, n()t just activit ics concernecl
with processing varior-rs materials, br.rt also flint
knapping areas ()r . re-to()ling , areas cctr-rld be
krcatecl. Non-litl-ric information can als() be in-
ch-rdecl. F-or example, figurc 6 represents the spatial
distribr-rti<>n of ochre ancl struck flints frorn an area
from a Mesolithic site in England. The distribr-rtion
of bone artifacts and any class of lithic afiifacts can
be generated in this way in order to investigate
potential correlations.

The distrilution of manufacturing areas, or
non-lithic material, together with the location of
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