A COMPLETE LIST OF FULCTIOLY UrD IN DENDRAL

Georgia Sutherland
January 10, 1967

rne roiiowing pages contain an alphabetical listing
of all LISP functions used in the program called DENONE
(Dendral with Graph Matching). Each function description
includesa statement of the purpose of the function and
a list of arguments. Associated with each function is
an index number telling where to find the function on’
the symbolic tape (Dectape #115 or #116). The index numbers
are in two parts. The first part specifies the file number
and the second part specifies the line number within the
file. .

There are four files:
1- DENDRL ~;contains functions for basic Dendral
2- ADDEND -:contains functions for partitions, spectrum, histogram
3- ADDISO - contains main functions for graph matching
4- SUBGRF - contains secondary functions for graph matching

The functions are written in Q32 Evalquote format which
by itself is not compatible with PDP-6 LISP. Thus, a fifth
file on tapes 115 and 116 contains versions of the functions
EVALQUOTE and DEFINE. These must be read in and EVALQUOTE
must be executed before LISP will properly read the other
four files. A file called UTILS contains thése functions.

The other functions in DENONE which are not a part of
LISPXY are certain tracing functions which are obtained from
the system tape on DTA7 (in a file called TRACE). These
functions are described in the writeup ‘dated January 16, 1967
describing use of the Dendral program.
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1-14770 ABSVAL - 1 argument
¥ - a number
ABSVAL returns the absolute valuoe of tho nuvter XK.

1-840 ADDICT -~ 0 arguments

ADDICT calls for one radical at a Lim> in dot notaticon from
the teletype and adds each radical onto tha front of the proper
dictionary list. The radical and all similar radicals with
greater afferent link will be added to the dictionary list.
Implied radicals will cause an error. Typing "END," will
terminate ADDICT.

1-}1330 ADDNAM - 2 arguments

RAD - a radical or molecule

NAME - an atomic symool - thoe print cwne for RAD
ADDNAM adds the pair (RAD . NAME) to the name list. Any
radical in implied format should not have the number after the
apical node telling the number of that radical on the
dictionary list.

3-1780 ADDSH - 4 arguments

S - a number

SS - a list of numbers

H - a list of lists of numbers

HS - a list of lists of numbers
ADDSH returns revised versions of H and HS which include the
information im S and SS. If SS=HS; then Hj becomes MERGE(S Hj).
Otherwise LIST(S) and SS are placeé on the end of H and HS
respectively.

2-780 ALLMEMBERS - 1 argument

R - a radical in list notation
ALLMEMBERS checks the total radical and all its subparts for
inclusion of molecular weights in the list "SPECTRUM". If
any part is not included, the value NIL is returned. Otherwise
the value is T.

2-1880 APPORTION - 2 arguments

CL - a composition list

NL - a list of numbers
APPORTION returns a list of composition lists, each of which has
the number of atoms specified by the corresponding element in

NL. The composition lists are in non-decreaseing order.



3-2450 ASSIGNl - 1 argument
A - a number or NIL
ASSICVl finds a possible correspordent o‘ node X in set SS.

(Both X and S8 are global to ASS Lol cet within NEWALLY
and WEXTASSIGHN which are the func g .. can call ASSIGHDL)
If A is not NIL, then it is the l¢ coo o oandent used for

and the search for a new corresponcont f 0 s with the succoncor
of A in list 8S. The new correspomionce ...2 is checked for

validity against the sets of V and Vi,

1-1651 ATOMWEIGHT - 1 argument

ATM -~ the letter name of an atom
ATOMWEIGHT returns the atomic weight of the atom. This is
obtained from the global variable "WEIGHTLIST".

1-14710 BLANKS ~ 1 argument

N - a pumber
BLANKS causes the appropriate number of blank spaces to appear
on the output line.

4-6660 BVAL - 1 argument

G - a graph
BVAL returns a list of the form #{5 node node..) (D node node..)
(T node node ..)) where the nodes are the node numbers of those
nodes adjacent to bonds of the types S, D, and T respectively.
Other bond types are ignored.

1-11580 CANNONIZE - 1 argument
STR - a string of Dendral polish notation
CANNONIZE prints the cannonical form of STR in dot notation.

1-2850 CHANGELIST - 3 arguments

XX - an atom

NN - a number

CL - a gomposition list
The value of CHANGELIST is a new composition list which is the
same as CL except that NN XX's have been added to for subtracted
from) the list *depending on the sign of NN). Trying to subtract
more XX's from the list than are actually on it will cause that
atom to be deleted from the list (unless the XX is a "U" in which
case an erroneous result will occur).



4-9360 CHBND - 1 argument

B - a number
CHBND translated Dendral beond notation (1, 2, or 3) to notation
appropriate for subgraph matching (3, D, oo D).

4-9420 CHECKDEN - 1 argument

R - a structure in Dendral list nov:izion
CHECKDEN searches R for occurrences of terminal oxygen atoms,
terminal nitrogen atoms, and nitrogen atoms with only one
attached hydrogen atom. 1In the first case, the "O" is replaced
by "OH". In the other cases, "N" is replaced by "NHR". This
allows the subgraph matching process to distinguish between certain
occurrences of ocygen and nitrogen which are forbidden in some
positions and not in others.

2-610 CHECKMNATCH - 1 arguiment
R - a structure in list notation
Normally CHECKMATCH checks the structure for forbidden substructures.
This dummy version assumes that no substructures are forbidden,
and thus bypasses all subgraph matching.

4-8460 CHECKMATCH - 1 argument

R - a structure in list notation
This is the driver function for searching structures for forbidden
substructures, It is responsible for cycling through the elements
of BADLIST and determining whether R contains any of the for-
bidden structures. The value of checkmatch is T if R contains
forbidden structures, NIL otherwise.

2-4860 CHNOPSXVQW - 1 argument

LARG - a list of the following ten arguments

CC - the number of carbon atoms

H € the number of hydrogen atoms

NN - the number of nitrogen atome

00 - the number of oxygen atoms

PP - the number of phosphorus atoms

S5 - the number of sulfur atoms

X - an atomic symbol, any new atom you want to define

V - the valance of X

Q - the number of X atoms

W - atomic weight of an X atom
CHNOPSXVQW will apply WORKLIST to a composition list made from
the above arguments. It compares the total weight of the compo-
sition to the spectrum (if present) and resets the masterlist and
weightlist to account for X type atoms if present.



4-8990 CHNOT - 3 arguments.
RAD - a structure in Dendral list notation

NUM - a number, initially eqgunl +c !
NAT - a number or "RAD"
CLNOT converts the structurs FAD o 2 no- ' on acceptable by
the gravh matching algorithm., NUIT 1o i st node number
to be assigned, and NAT is the nus. v o uwode te which
this structure is connected. If 500 1g lecule, or if
RAD is a radical and CHHNOT is beinn calloe. ~or the first timo,
NAT is set to "RAD" indicating that £hi» slrusture is not connected

to anything else. On successive calls {CINOT calls itself
both iteratively and recursively), NAT will be a node number
(integer). The value of CHNOT is a list of two elements, the
first being the structure in translated form and the second
being the next value of NUM.

2-2950 CLFAIL - 1 argument

CL - a pseudo composition 1isn (bwffﬁsﬁnc at end)
CLFAIL calculates the molecular weight ari .omposition name of
the composition list. If the molecular welght is not contained
in the spectrum, or if the dictionary indicates an impossible
composition, then the composition list fails the test and the
value T is returned.

2-70 CLPRIN - 1 argument
PCL~- a pseudo composition list (hydrogens at end)
CLPRIN return a list of character objects corresponding to
the atom names and numbers of atoms in PCL.
C

1-2750 COMBLIST - 1 argument

LSTCL - a list of composition lists
The value of COMBLIST is a composition list combining all of
the lists in LSTCL.

4-33680 COMMON ~ 2 arguments

X1l - a list of numbers

X2 - a list of numbers _
COMMON returns the list of elements which appear in both X1 and
X2. (This is the "intersection" of X1 and X2.)



1-4330 COMPARLIST - 2 arguments
CLl - a composition list
CL2 - a composition list
COMPARLIST compares the Dendral croers o0 71 and CL2 and roiurns
"LSS", "EQL", or "GRT" accecrding To vl ZL) 1s iass than,
equal to, or greater than CLZ.

1-4350 COMPARL] - an auxiliary function for COMPARLIST

1-4380 COMPARLZ2 - an auxiliary function for COMPARL1

1-1770 COMPATIBLE - 2 arguments
NCODES - a list of the atoms at the nodes of the radical
prior to RAD
RAD - a radical
COMPATIBLE is a predicate. The valuc ig 7 .f NODES and RAD
will form a legal string of atoms #fnot containing any forbidden
strings).

1-4410 COMPRAD - 2 arguments

Rl-a radical

R2-a radical
COMPRAD compared the Dendral order of Rl and R2. If Rl is
greater than R2 then the value is "GRT", if R2 is greater
the value is "LSS", and if they are equal then the value is
"EQL". The implied form of a radical has a lower Dendral value
than any of its structured forms.

3-698 CONNEC - 0 arguments

CONNEC examines the lists V and VS and adds new corresponding
sets to L and LS. The elements added to L and LS are the result
of finding the connectivity of corresponding elements on V and VS.
The n-connectivity of a list of nodes is the union of all nodes
which can be reached by a path of length n (with direct back-
tracking disallowed) from the given nodes. Connectivity is
established for n=1 and n=2,

4-6240 CONSET - 3 arguments

G - a graph

M - an integer

S - a list of nodes
CONSET computes the list of nodes which are connected to the
elements of S by paths of length M. It does this by calling

CONSET1 M tim es.



4-6230 CONSFET1 - an auxilinwy fuscoims 7o~ CONSET

1=2240 CONTAINED - 2 avagroo. ...

CLL = a composition L7 .U

CLZ2 - a conpl ten 4o
Tie valuc of CONTAINLD 15 4 3+ % o slements of
CLl are contained in CLZ2 and & 501L) « cwise.

1-2010 COUNT -~ 1 argument
R - a radical or molecule
The value of COUNT is the total number of atoms in R.

1-3980 CPRCAL - an auvwil -y~ ¥ otion oy CPRCOMPAT

1-4280 CPRCNTCL -~ 2 arguments
CLl - a composition list
CLZ2 - a composition list
CPRCNTCL compares the number of atoms in CL1 and
CL1 has more than CL2 the valuc is “CGRT". If CLz nas more
than CLl1 the value is "LSS". Otherwise the value is "EQL".

1-4300 CPRCNTCL1 - an auxiliary function for CPRCNTCL

1-3960 CPRCOMPAT - 2 argunents

ATl - an atom in orderlist

AT2 - an atom in orderlist
CPRCOMPAT uses the global constant ORDERLIST to compare ATl
and AT2. If ATl equals AT2 then the value is "EQL". If ATl
is greater than AT2 then the value is "GRT". Otherwise the
value is "LSS".

1-4070 CPRCOMPCL - 2 arguments

CLl1 - a composition list

CL2 ~ a composition list
CPRCOMPCL uses the global constant ORDERLIST to compare the
compositions of CL1 and CL2. An equal number of atoms from
both lists are compared, with the shortest list terminating the
comparison. If CLl has a higher composition value than CL2 the
value is "GRT". If CLl is lower than CL2, the value is "LSS".
Ctherwise the wvalue is "EQL".
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14030 OPIURNSATCL - 2 Ao
CLL =~ a commoziilon

CLZ - a composiuzion 1lsv

CPRUNSATCL compares the unzatuuouwion orves of CLL and CLZ.
Yf CLL has more unsatureations toen thxe value is "GRT"., If
CL2 has more then the value is "LSS". Otherwise the value
is "EQL".

1-4690 DECOMPOSE - 1 argument

R - a radical or mrolecule
DECQOMPOSE uses the globel conotint CRNERTIST to obtain
the corwesition list o

1-1860 DEGREE - 1 argument
RAD - a radical or molecule
The Value of DEGREE is the numbe: of efferent radicals of RAD.

4-6090 DEGS - 3 arguments
S - a list of nurbers or ztoms
Z - a dummy variable - initially ?
I - a dummy variable - initially 1
S5 is a list with one element for each node of a graph. Each
element is the value cf a node Zor a property. The output
is a list with one element for cach different value, the
elements being of form (value node node . ...). 2 and I
are dummy variables used for accumulating the result.

“d

IL

4-6130 DEGl - an auxiliary function for DEGS

1-1410 DELETE - 2 arguments

X¥X-any valid S-expression or number

LL-any list
The value of DELETE is a list the same as LL except that the
first occurrence of XX, if it occurs at all, has been deleted.
This affects only the top level of the list.

1-1380 DELLAST - 1 argument

LL - a list with at least one elenent
The value of DELLAST is the list LL with the last element
deleted.
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4-7010 DINDEX - 2 arguments

G.~ a list {(graph)

I - a number
DINDEX returns the remainder of G starting with the I-th
element. (Applies CDR I-1 tim=s)

1-3080 TI5w3IB - 2 arpr-—or i

LCL - a list of compusicin,. listu

LN - the least number of unsaturations for any list
DISTRIB checks the first two compositiocn lists in LCL and
assures that the second has nc more than its upper limit
of unsaturations. This upper limit is determined by MAXUNS
or by LN (whichever is greater). Any extra unsaturations are
put into the first list on the list LCL.

1-48600 DIVIDE ~ 2 arguments
X - a number
Y - a number
DIVIDE returns a list of two elements. The first is a number
equal to (QUOTIENT X Y) and the second is a number equal
to (REMAINDER X Y). (i.e., X is divided by Y)

1-11630 DOTORD - 0 arguments '
DOTORD reads in from the teletype the dot notation for
a radical and prints out the cannonical form.

1-1580 EFFACE - 2 arguments

XX - an element

LL - a list
EFFACE deletes the first appearance of item XX from the list
LL. It is the same function described in the LISP 1.5 manual.

4-4160 EXCEPT - 2 arguments
Xl - a list of numbers
N - a number
LXCLEFT returns the

cerwplement” of the “"set" X1 with respect



to a "universe" of size N. RAll prositive numbers less than N

and rot in X1 are placos on

r .

2-2860 PRILTEST - 1 argumo .

LOL -~ a list of coapcootl o i,
FAYLTESY uvges the suodbsilicrs [0 ooio -0 nil to test eac
element of LCL for certain fad.uios.

3-800 FF - 0 arguments

FF uses the lists L and LS to form families of corresponding
podes. Each'pair of elements (L. , L3.) are examined for useful
1nformat10n. Enown corresponéing nodes are removed  (by the
function REMK) from L; and LS.. If exactly one node remains
in each, then this becomes a iiew known correspondence and the
nodes are placed on % a2l XS vrapactieiv and the new corran-
pondence is used to reun U RTINS lists V and *

{by the function KEiilLull;., Goonerwise, woae elements Ly and
Ls; are placed on lists V and VS (by the function MERGESET),
provided they do not contradict (no isomorphism) or duplicate
any pair of elements (Vj ’ vsj).

After FF has considered all elements on L and LS, the
length of lists K and KS determine the future action of the
subgraph matching algorithm. XIf the number of correspondences
(length of K) is equal to the number of nodes of graph G, an
isomorphism is found and FF terminates with a value of 1. If
the length of K is greater than the number of nodes of G, then
a contradiction must exist and no iscmorphism will be possible.
In such a case FF exits with a value of 0. Otherwise, FF
terminates with a value of 2 indicating that more work needs
to be done.

1-2230 FINDVALENCE - 2 arguments

NN - a number

CL - a composition list .
The value of FINDVALENCE is the first atom in CL whose
valence is greater than or equal to NN.

3-6040 FIRSTEST - 2 arguments

L - a list of lists

X - any LISP construct
FIRSTEST RETURNS THE CDR of the first element of L whose CAR
is EQUAL to X. If none is found, the result is NIL.



1-10740 FIRSTRAD - 1 arquwent
STR - a string of [onorl ~ 11 wtion starting

with an zto
Tha value of FIRSTRAD wiil o o v, Tho {ivst
elowent will be tha firp

Jdoin o
in List notation but wis % oy 5
elenent will be the remoioany

4-3730 PIXBADLIST - 3 argumanisy

I ~ either "ADD" or “REMOVE"

R - a structure in Dendral list notation

P - a predicate
FIXBADLIST is a function called by the user of Dendral from the
top level of LISP. FIXBADLIST adjusts the global variable
BADLIST according to the paramcters I, R, and P. The structure
R is accordingly added or remcved. I P is true, then R is
first converted to a notztion which t:kes account of "OR™ and
"NHR" subsotructures. oUoooon L oo eaiement on tha
BADLISY entry for strucliure x.

2-220 FIXFORM ~ 2 arguments

LCL - a list of pseudo-composition lists

D - the original number of elements in LCL
FIXFORM converts composition lists with hydrogens at t... ... -
to the proper composition list form with unsaturations at
the beginning.

2-3770 FIXLIST - 1 argument

L - a 1list of dotted pairs
FIXLIST returns a list composad of the CAR's of all elements
-of list L.

1-3350 FLATEN - 1 argument

CL - a composition list
The value of FLATEN is a list of the characters from the
elements of CL. Any number grezater than 99 in CL will be
represented by X and its last digit. All other numbers
will be represented by two digits.

1-1370 FNIL -~ 0 arguments
The value of FNIL is NIL.



4=-6190 TNODE - 1
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1-1660 FORBIDEN - 2 argui:onis

AT - a chemical atom

NODES ~ a list of the atoms at the nodes of the

radical prior to AT ,

FORBIDEN is a predicate which deétermines if an atom should
be put at a node in a radical, given the list of nodes
appearing before AT in the radical. The value is T if AT
is not acceptable at the node.

CARMDUNG - 4 aroun o

- a graph

- & number

- a dummy variable, initially aqual to 1

~ a number - the length of graph G

GAMDEG computes the gamma=M degree of all nodes of graph

G. The gamma=M degree of a node is the number of distinct
nodes of G that can be reached by a path of length exactly M
from the given node. Output is a list of values appropriate
for use by DEGS ((value, node, node, . ..) {(value, node,
node, ..) ...)

HHEZ OO

1-4890 GENMOL ~ 1 argument

CL - a composition list
The value of GENMOL is the lowest Dendral molecule which
can be made from CL. If none can be made then the value
is NIL. CL must contain three or more atoms.

1-13620 GENRAD - 4 arguments _

NODES - a list of the atcms at the nodes of the radical

prior to the one about to be made

CL - a composition list

LN - a number

HN - a number
The value of GENRAD:is a dotted pair ¢f the lowest Dendral
radical made from the elements of CL with afferent link no
less than LN and no greater than HN, and a predicate telling
whether the radical was obtained from a dictionary list or
not (T means the origin was a dictionary list).

Tedn T, . list of conncoos o



1-2904 GETNAM - 1 arcument
Ly = a racical or uol

it
CETUIAIM smearches Uhe NAMFLILD S of RAD. If it
finic & name, then it robure one i1s found 3
returns NIL.

1-3560 GETNEX - 5 argumunts
NODES - a list of the atcas at the nodes of the radical
prior to RAD
RAD ~ a radical
LR - a list of radicals cecntaining RAD
LN - a number
the following .two arguments rmust be in a dotted pair
-HN - a number
NN = a list of numbers
The value of GETNEX is the razt of LR which follows RAD.
The liC* 'tarts witi o Al hin Faeooon afferent link ot

greater than HN or laaou : S List MH and wio s,
nodes are comparlble wit h the vrevious MNUDBES. If RAD is NiL
then the value will be the rest of LR starting at the first
such radical on the list.

This version of GETNEX chacks the radical obtained.
from the dictionary to insure tlhat any radical it returns for
purposes of printed output conforms to the spectrum requirements
(if any). If the spectrum is NILL or if dictionary construction
is being performed, then this check is not made.

2-3830 GETSCORE - 1 argument
E - a partition (list of pseudo-composition lists)

1-3450 GETVAL - 1 argument

.CL - a list of character objects
The value of GETVAL is a dotted pair of the value of the
atomic symbol made from the characters in CL, and either
IM» if it has the indicator 17> on its property list or
NIL. If this atcmic symbol has no value, then ghe value of
GETVAL is NIL.



2-2330 LDISTRID -
Cj,i - a liSt
nii =~ the numb

02 UsBt
D -~ the lenqgin of : ,
TCT - the total aouvoe <. S o original CL

NI - the total nun
=l

R Coniaoin the oriaisoad
EOILIRID distributes LU he ne elerwents of o
All possible distrikbutions cro _.nero o, and the ultinace
value of HDISTRIB is a list ¢! particions (thus, a list

of lists of composition lists ig gencrated).

2-3230 HSTGRM -~ 1 argument

R - a structure in list notation
HSTGRM returns a list of weights of all substructures of R.
The first of the list is the molecular weight of R itself.

2~-3340 HST1 - 1 argument
R - a structure in list notation
HST1 returns a list of weights of all radicals in R.

2-540 INDEX - 2 arguments
G - a list
I - a number
INDEX returns the I-th element of list G.

1-10390 INDOT -~ 0 arguments
INDOT will take .a string of characters in legal dot )
notation and return the corresponding polish (list) notation.

1-2790 INSETPR - 2 arguments
PR - a dotted pair of atom and number
CL - a composition list not containing any atom the
‘ same as PR
The value of INSETPR is a compcsition list the same as CL
except that PR has been inserted in the proper place.

1-2810 INSETPR1l - an auxiliary function for INSETPR



3-20 ISOLISP - 2 arguments

C - & grapih
G4 =~ a graph

I80LISP is the ériver funociice Laraph weitohine
algorithm, It calls cther & Lo 1oconsilotact ana

use the lists L, LS, Vv, VI, I, o o find an jgomoryiiioan,
between G and any part of 3. R cosnizes when é.
isomorphism has been fourd or o oo o calls for essigiouonts

to be made in case mualtiple iz orphisuas are possible.

1-12940 ISOMERS - 1 argument

COMP - a composition name «
ISOMERS converts a composition name intc a list of numbers
of atoms and calls the structure generating function.

3-1700 Is55 - 5 argumoeri

I - a number

S8 - a list of numbers

V - a list of lists of numbers

VS - a list of lists of rumbers

CNVS -~ a list of dotted pairs (each dotted pair

contains a predicate and a list of numbers)

ISS returns the list of correspondents for node I. This
list is the intersection of SS with VS: (if I is in V.)
or with the complement of VsS4 {if CAAR(ENVS) is true).J
The complement of V84 is stored in CDAR(CNVSj).

1-14830 LAST - 1 argument
X - a list
LAST returns the last element of list X.

1-2300 LCOUNT - 1 argument
CL -~ .a composition list
The value of LCOUNT is the total number of atoms in CL.

1-2310 LCTl - an auxiliary function for LCOUNT

1-260 MAKCOM - 1 argument

CL - a composition list
(uses the global constants MASTERLIST, VALENCELIST, and
ORDERLIST) MAKCOM will take the unordered composition list
and place the pairs in the prcprer Dendral order according
to the constant MASTERLIST. 2t the same time MAKCOM will
set the constants ORDENLIST ard VALENCELIST so that they
contain only the atcoms in CL.



1-3170 MAKEZCL - .3 arguments
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1-4820 MAKILIST

- 1 argument

IR - 2 list of radicals cr

The value of LAKELIST is a composition
elemants of IR.
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HN - & number - the greatast ufferﬁﬂt llnk for any radical
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2=273C MAXHYD - 1 argument
LL - & list of stoms (o co.ositiocn 1ist without th
unsaturation port)
D 0c*0u¢ubas and rsturns Lo
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1-6040 LCLCULIG =~ 3 erguscnts

] - & cowposivicon 1lis
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& nubder :
The velue of L:CLCOLIG is o coagais iist with LN unsatu-
rusvilons, gwede from the oloments of 0L with the same nuaber
o atoms ug LCL, and whose cu;vzsib*on ig tiae next greater
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2=890 MOLCLIST - 1 arguseat

M - & molecule in 11:t notation
FKOLCLIST returns a list of composition lists made from a
molecule. One composition list is made for the central atom
(if present) and one composition list is made for each
efferent radical.

2-960 LOLCl - 1 argument
LR « a list of radic. s
FKOLCY retwurns a list of o-onozi o0 120+ one for each

radical in L.

1-11170 MOLORD -~ 1 argument
M - a molecule
The value of MOLORD will be the Dendral cannonical fornm
of M. M must have a count greater than 2 and any molecules
with an 0dd count cannot be writien as central bond molecules.

3-2250 NEWABLK - 0 arguments

NEZWABLK adds a new assignment block to ASTACK. An_
assignment block is a list of the form (X £ 85 V VS K KS)
where the correspondence (assignment) X:¥S was made from -
sed SS which is part of 1list VS. Values of V, VS, K, and
XS are prior to assignment so thzy can be restored if the
assignment fails. X is added to ASLIST, and lists K, KS,
V, and VS are updated using the new assignuent.

2=4310 NEWGENMOL - 1 argument

PCL - a composition list
NEWGENIOL returns a molecule made from the slements of PCL.
If the partition option is not heing exercised, then the
result is the value of GENMOL (i.e., the lowest molecule),
If_partitions are being used, however, the function takes
the next partition from PARTLIST and generates radicals
for each part of the current partition and combines them
into & molecule,



2~ h760 NEWUPMOL - 1 arguner

. R b T L
= 3 O_L WU i L5

I ;\,L“th Lo

2CL,  IE the

t“,n this is 3 N
s y*?uifio. ophion, o st o
must e checked to be suve oot comes oot with the
curraat partition (saved in GUi o)., 0 it does not,
then all variations of CURP-XT Luvs boon tried, and the

program then uses the next partition by calling NEWGENMOL,

3-2650 NEXTASSIGN - O arguments

NEXTASSIGN makes the next essignment in the current
block. The current block is thw first aloment of ASTACK,
which has kept track of all assignments mude in the currcnf
atteapt to loczte an isomornhio..

1-2270 NEXTATOM - 2 arguments

AT - an atom

CL - a composition list
The value of NEXTATOM is the next atom after AT in CL.
If AT does not occur in CL then the valus is NIL.

L~-6960 NINDEX - 2 arguments

G - a list of node-elements (graph)

I - a nunber (node index)
NINDEX finds node element I of list G by finding an element
of G whose CAR is I. The CDR of the node element 1s returned.

1-2130 NUMBEROFATOMS ~ 2 argumsents

X ~ an atom

R « a radical or molecule
The value cof NUMBEROFATOMS is the number of times that
the atom XX appears in structurs R.

2~1690 NUMLIST - 4 arguments
MN - a number ~ the minimum slement to be returned
MX - a number - the maximuwe element to be returned
TOT - a number - the number to be divided
D - a number - the number of elements to be returned
NUMLIST returns a list of D elements whose sum is TOT,
given in non-decreasing order of size, with values no less
than MN and no greater than MX.



1-3510 NUMRAD ~ 3 arguments
NOD“” - a list of =ztoms
: Aube”

- owith o an o afto o
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L=6L30 NVAL - 1 argusent
G - & graph
NVAL returns a list of the valuss of all nodes in graph G,

1-1198 OLDSZTDICT -« 5 arguments
NODES - & 1list of the atoms at the ncdes of the
radical prior to R/.D
CL - a compos1tion list

LK - the least affercaf lir for 70
B - the greatest 4JH.;.“; FETRR R PR E
2.D = a radlecal - e oubpy . o8 Galieal

SETDICT and OLDSETDICT esteblis h the dlctionary 1ist for CL
the flrst time it is encountered by GENRAD (if no dictionary
list already exists). The value of SEIDICT is RAD. RAD

must be checked for forbidden substructures. If any are
found, RAD is incremented by calling UPRAD until an acceptable
radical or NIL is generated.

1-1450 ONZP -~ 1 argument
NN - a number
I NN is 1 then the value of ONEP 1s T, otherwise the value is P,

111040 ORDEFF - 1 argument

LR - a 1list of radicals _
The value of ORDEFF will be the 1ist of radicals with each
of the radicals put into canonical form and all of the
radicals listed in increasing order.

2-3700 ORDEREDLIST - 2 elements

L -« a list of dotted pairs of numbers

E ~ a dotted pair of numbers
E is inserted into L in such & way that the CDR's of all
elements are in decreasing order,
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3-1880 PAR - O argwaents

PAR examines elements of V and VS and combines sets
(using operations similar to union, intersection, and
complement) to find single node correspondences, PAR
returns O if an isomorphism is impossible, 1 if an iso-
morphism is found, and 2 if more work needs to be done.

2-1020 PARTITICN - 1 arrurint
CLIZT -~ & compoaiil Lok SUNERTI B e

Thig fuznction sets the gluoil voo.able 50 0. 0187 by calling

PARTNR{CLIST) which returns a list of partitions. The

word "STOP™ i3 appended to the end of this list so that .

generating functions will notice that the end of the list

has been reached.

2-1090 PARTNZ2 - 1 argument

CL - a composition list
PARTN2 calculates and prints a list of all allowed partitions
of a composition. The ellowed partitions have been checked
against the dictionary and against. the spsctrum. A partition
is a list of composition lists. The number of lists varies
from two to five, and the ordsr of each llst corresponds to
the Dendral order for generating structures (one radical will
be generated from each list,.,) In partitions with length
greater than two, the first list contains only one atom (other
than hydrogens) and specifies the central etom of the molecule.

2-3560 PLAUSORDER - 0 arguments

PLAUSORDZIR  calculates a plousibility score for each
partition on PARTLIST., It returns a list of numbers which
determine the rearranged order of partitions by plausibility.
The actual score calculation is performed by GEATSCORE.

L-6330 PRDWN - 1 argument

L - a list of numbers
PRDVN returns & copy of L in which multiple océurrences of
items are deleted.



1-3820 PRINDICT - 0 arsuments
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FRINDICTLIST prints 2 list o all cospositions for
which dictionary entries have beea made.

1-13120 PRINFCN - 1 argument

L - a list of atoas
PRINTFCN prints the list as a paragraph vreceeded by an
asterisk. It i1s used for printing messnges from within
Dendral.

2-10 PRINFORM - 1 argument
LCL - a partition - a 1ist of composition lists
PRINFORM takes a list of pseudeo--composition lists and
converts them to sultable form for printing. The lists
are "pseudo" in the sense that instead of having unsaturations
at the begining they have number of hydrogens at the end.
PRINFORM uses the subsidiary function CLERIN to convert
each individual element of LCL.

1-1470 PROPLl - 2 arguments
IR -~ a 1list of radicals
RAD - a radical
PROP1 searches the list LR for an item AOUAL to RAD. If
such an element is found, the value of PROP1 is the rest of
?he list after RAD. An error results if RAD is not found
n LR.

1-2570 QUANH - 2 arguments

AFL - the afferent link

CL - a composition list
The value of QUANH is the number of hydrogen atoms that a
linear radical would have if it were made from CL with the
specified afferent link.

1-11130 RADORD - 1 argument
R - a radical
The value of RADORD will be R in its canonical form.,
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oaDIT returns a casvuehor e on oo L Irowm the
teletype, If it reads & percent 1ign {i2.c arrow) then
it &llows the user to input a puir of S-zrpressions
before reading another character which it will return
as the value of READIT.

2~1960 REAPPORTION - 3 srguments
CL - a list of ccﬁnﬂﬁlu on liets
. -~ < list of nov

¥ o predicet s, >“;v i ' eooealled itoo
REAFFCHOION takes a liat of cou .M)LL ¢ 4ists and switches
atons between lists so that the list of composition 1i sts

resulting from the switech will re vhighsr" than CL.
REAPPORTION always attempts to cwitch atciis between the
last two elements of CL. If this is not possible then
the function APPCRTION is called for the last elements
past the switch in order to put these composition lists
in lowest order,

2-430 REARRANGE - 2 argunents

L - the name of a list to s rearranged

L - a list of numbers
REARRANGZ returns a resrranged version of list NL. The
list L saacifies the order of rearrangezment., If, for example,
L is (31 4), then the new order is third element, first
elemsnt, fourth element. The now list is terminated by the
woxrd "STOP".

1-3590 REFDICT - O arguments

HEFDICT calls for a radical in dot notation from the
telstype and then returns a list of: the composition name,
to which the radical belongs, the radicel in list notation,
the dictionary 1list for the cozmposition name {or "NONE"™ if.
there is no dictionary list for the radicsl).

1-48570 RINMAINDER - 2 arguments
A-a number
B~-a rnumber _
RIMATNDER returns the remainder that occurs when A is divided
by 2.
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. in conaivions
Lhs value NIL in) ‘neoa eontrae
dictlon {l.e., if Kj is v U G . ©on SSY. The
value of ROMK is the two elemernt list ¢ontsining the
radited” 3 and SS.

1-2950 REMLIST - 2 arguments

NN -~ a number

PCL - a partial composition 1list
The value of RIMLIST is the sanme as PCL with the first NN
atoms removed from ths composiilion,

3-1430 RENMNEWK - 3 arguients
PR - a list of two argumsnts, each is a list of numbers
V - a 1list of lists of muabers
VS « a list of lists of numbers
RENNEWK removes CAR(PR) from V and CADR(PR) fram VS, checking
for contradictions as in REIK. NIL is returned if a contra-
diction is found; (NIL) is returned if V and VS do not-
change, Otherwise the result is the list (T V VS TK TKS)
where T is the predicate (trues), V and VS are the revised
lists of lists of numbers, and TK and TxS (if present)
are to be added to the lists of known node correspondences.

4 -8130 REMNOVE - 2 arguments

X - an element

L - a list of lists _
REMOVE returns a copy of L in which one occurrence of X is
removed from each element of L.

L-8170 REM1 - 2 arguments

X - an elemsnt

S - a list
REN]1 returns a copy of S in wkich the first occurrence of X
is deleted. (This differs from EFFACE in that it returns a
copy rather than changing the original list,.)



1-11690 RIPEFF - 1 argusient

LR - a list of radicals
REPEFF will place the proper representatiorn for the afferent
links of LR into the character buffer,

1-11750 REPRAD - 1 argument

RAD - a radical
REFRAD will take a radi - ronr o obod oo 1ist structur:
and rvack charvacbers wiilos L L o _us. oo radical 1
Dendral dot notation into the eiu of the charscter buffer.
Hydrogen atoms will be filled in for all unsatisfied
valences. Radicals represented implicitly (as a compositicn)
will be printed as a formula enclosed in parentheses and
Preceded by a number telling the number of radicals impli-
citly represented. '

i

1-3030 REVLIST - 2 arguments

CLl - a composition list

Cl2 - a composition list
The value of REVLIST is a composition list obtained by
teking the elements of CLl away from CL2.

1-7930 RSET - 5 arguments

NODES -~ a list of the atoms at the nodes of the radical

prior to CR and LRS :

LRS ~ a 1list of radicals (nct null)

CR - base radical ‘

TV - greatest total allowed for sum of all afferent links
the next two arguments must be in a dotted pair

IN - lowest possible afferent link for any radical

N - greatest possible affersnt link for any radical
The value of RSET is a list of radicals having the same
elemsents as the radicals in LRS and reset to the lowest
radicals possible which are at least equal to CR, which
satisfy the valence requirements of TV, 1N, and HN, and
which are not forbidden by NODES.
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CL - a coaposisti
IN - the least u
IN - the greatoest ar
AT » & radical - tuoae )
This fuactlion provides fer ganci-ood ooiuturses to be checked
against an input spectrum. If tiLe atunic welght is in the
spectrum, then the radical may be given as output. In any
case, the radical needs to be entered intc ths dictionary.
Because SETDICT 1s recursive, the global variable called
DICTWORK is necessary to distirpuish between initial calls
on SETDICT (from GENRAD) and cells which result from attempting
to create all appropriaste dictionary entries for the
composition.

B
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3=250 SEIFCRY - 0 argusnsoos

SETFORM uses set generating (property generating)
functions to set L and LS to lists of corresponding nodes
of G and GS. The properties arz: gamma decgree = 1, gamma
degree = 2, node value, branch value, and quasi-order.
(Quasi-order is not included when using linear Dendral,)

3-380 SETPAIRS - 3 argumnents

Wl - a list of properties frcem G

W2 - a list of properties Trom GS

Z = a number
Wl and W2 are lists whose elements are lists of the form
(value node node ...)s Lists of nodes with equal valuss
for the same propertises are placed in corresponding positions
on L and LS., If Z = 1 then the corresponding sets may have
nodes with unequal properties (as in the case of gamma
degree where the number of nodes reached from node n of graph
G may be fewer than the number rsached from its corres-
pondent on GS.)

3~570 SETRIGHT - 1 argument

IN - a 1list of numbers
SETRIGHT returns a reordered version of LN in which the
numbers are in Inereasing order with duplicates eliminated.



L=5960 SPSUBl - 2 arguments
T o g aumbar

SPEURL is an auxiliarvy o . Aac )
or VW2 is a list of ithe Lo v ; R A
returng a 1ist of nodes Iroon ol ST ©owhnose iue 1
grecter then or equal to V.

1-12730 STARTDENDRAL - O arguments
This function prints descriptive infcrmation and
instructions about running the program.

1-1350 SUBNAM - 2 arguments
RAD - & radlcal or molecule
NAKT - its print name
SUBNAL romoves the iz T
print nesie from the noas

T tihe rodieal and its

1-2090 SUMAFL -~ 1 argument

IR - a list of radicals or molecules
The value of SUMAFL is the sum of all of the afferent links
of all the radicals or molecules in LR,

2-5270 TERTAD - O arguments
Returns NIL.

1-9755 TEZSTDENDRAL ~ 1 argument

M - a molecule in list notation
TESTDENDRAL causes all of the succeeding molecules after
M to be generated and printed. It provides for the user
to interrupt the output at periodie intervals and also
checks each molecule (befors printing) to be sure no for-
bidden structures are contained within it.

1-10670 TCPEFFS -~ 1 argument

STR - a string of Dendral Folish (list) notation
STR must start with a bond. The value of TOPEFFS will be
a dotted pair. The first element will be a 1list of all the
consecutive bonds at the head of the string. The second
element will be the remainder of the string after removing
these bonds.



122150 T00L - 1 argumont

ol - 2 mblecule
0reUL starts the conversion o1 A Trom Lilst into
¢t nctation,

1-12120 TOPRAD - 1 arguacnd

RAD - & radical
TOPRAD starts the conversion of a radical from list into
dot notation.

1-2410 TOTVAL - 1 argument

CL - a composition list
The value of TOTVAL is the totel of all of the valences of
ell of ths atoms inm ClL.

1-9670 TSTRAD - 2 arguments

R - a radical

PRED - a predicate
TSTRAD causes all of the succeeding radicals after R to be
generated and printed in Dendrsl order. If pred is T then
radicals with all possible affersnt links will be generated,
otherwise only those with an afferent link of 1 will result,

1-1010 UNADDICT - O arguments

UNADDICT calls for one redical at a time in dot notation
from the teletype. The first occurrence of each radical (and
all similar radicals with greater afferent link) are removed
from the dictionary list. Typing END will terminate UNADDICT,

1-380 UNDICT - 1 argument

ICN - & list of composition names
UNDICT will unset each of the dictionary lists of the compo-
sition names in LCN.

1-1890 UNSATURATION - 1 argument
R -« & radical or molecule
The value of UNSATURATION i1s the number of unsaturations in R.
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1-715C UPCCLINCDE ~ L argucinb.d

0DHS - a list of the atois &% tio a-deg of the

: radical prior to R

HN -~ a number

R ~ a radical

IN - & number
The value of UPCCMPNODE is a radical made from the same
elements as R, having the gsame degree as R, with afferent
link no greater than N and no less than 1IN, and whose
epical ncde is the next greatest in cowio)ltion from R
(proeviding it is not forbiddsn by NCDIZ).

1-7600 UPDEGNODE -~ /4 arguments

NODIS - a list of the atoms at the nodes of the

radical prior to R

HN -~ a number '

R - a radical

1IN - a number
The value of UPDEGNODE is & radical made from the same
elements as R with degree one greater than R, an afferent
link no greater than HY or less than IN, and a string of
atoms not forbidden by NODES

1-6940 UPLINKNODE - 3 arguments

NODZS - a list of the atoms at the nodes of the

radical prior to R

N -~ a number

R ~ a radical
The velue of UPLINKNCD® is a radical the same as R with an
afferent link one greatsr than R but less than HN. If
this is not possible then the value is NIL. '

1-9080 URMOL - 1 argunent
M - & molecule
The value of UPMOL is the next gresater Dendral molecule.
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1-8280 UPRAD - 5 mrguments
NODES -~ & list of the atoms at the nodes of the
radical pricr to R and HCR
NUM - the greatest sum totul of afferent links
that R and HCR are 21llowed
R - the radical to b iney oohad
HCE - & list of 2.1 - “lus o
and of highor Deundi.i valus
The remaining three arguments must be in a single list,
IN ~ the least afferent link for any radical
HN - the greatest afferent link for any radical
AL - the greatest number of atoms that any
radical can contaln
The value of UPRAD is a list of radicals with the
first element of the list being the next higher radical .
after R and the rest of the list telng the new set of HCR.
If R is in the implied format, then thn next higher radical
“would be one with an afferent link at least one more than
that of R. If it 1s not possible to increment the radical
and find a new HCR, then the valuz is NIL.

with R

1-1640 VALENCE ~ 1 argument

AT -~ a chemical atom
VALERCE uses the global constant J ALENCLILIST. If at is ™H"
then the value of VALENCZ is 1. Ctherwise the value of
VALENCE is the number assoclated with AT on VALENCAZLIST.
The value is NIL if AT is not H or not the first element
of one of the pairs in VALENCELIST.



1-02:0 WORLIST - 5 arganonoo
CL - & compozition 21
LCY, - & compozition
L - a8 nuber - the
il - @ number - ths
The [ollowing thrse aro: Lo
IN - a number - tue 1 cooeir oo nubarations
PRED ~ a predicate - WIL i;3lcates swlecules whila
T specifiss radicszls
F2 - a predicate - whether or not %o let unsaturations
- g0 to 3 :
WORKLIST produces all possible combinations of the atoms in
CL starting with the list LCL ard within the limits of L,
H, and IN. If LCL is NIL then thc lowesat list is created.
Depending on the value of PRED it then applies TEZSTDENDRAL
or TSTRAD to each of the compositicns, starting with the
lowest molacule (or radlcall neosibls Trom that compositicn.
If P2 is YL then TOTL 7 o covd T wohtain only
redlecls with an affeiont Ll e iy also
presents the user with the opticva (for molscules only)
of whether or not to construct and chssrvs a list of
partitions from which the structures will be generated,
It provides the user with the opportunity to delete members
of the partition list and to rearrange the elements of the
list., Structures that are generated ars checked for
forbidden substructures before proceeding.




Georgia Sutherland
January 16, 1967



S long last
Lthe curcar
rich wor!
aded (in we

¢ speed
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funciions in interpretive I EUR-I core image is
saved on Dectape #1382 anc is cniled "Liinl E". The progran

is loaded and started by typing
RUN DTAn DENONE

to the monitor system of the PDP-6 after mounting tape 182
on tape drive n.

The program contains several hundred LISP functions, most
of which are described in a document entitled "A COMPLETE
LIST OF FUNCTIONS USED IN DEND®AL" and cdated Januvary 10, 1967,
Additional functions include EVALQUOTE, DEFINE, and some
general purpose tracing functicons, The prosram was construniod
by the f;ijﬁliwa set ol oo

R LISPXY 40 ‘ '
* (INC (INPUT DTAm: UTILS DENDRL ADDEND ADDISO SUBGRF))
bell

(INC (INPUT DTA7:.TRACE))

c

.SAVE DTAn DENONE

The symbolic files called UTILS, DENDRL, ADDEND, ADDISO
and SUBGRF are located on Dectape $£115 (with 116 as backup).
The file called UTILS contains the functions EVALQUOTE and
DEFINE and also contains a call of EVALQOUOTE so that LISP
will correctly read the rest of the symbolic files (which
are in 032 Evalquote format). 7The files called DENDRL and
SDDEND contain the LISP functicns for pure Dendral (with
a dummy version of CHECKMATCH which bypasses the subgraph
matching). The files called ALDISO and SUBGRF contain the
LISP functions for subgraph matching. The file called TRACE
contains general purpose tracirg functicns. The main tracing
functions are described below,

(TRACE Fl1 F2 F3 ...) causes the functions named Fl F2 F3 ...
to be traced. A teletype printcout is made every time a
traced function is entered or exited.

(UNTRACE Fl F2 F3 ...) causes tracing to be deleted on
the functions named Fl F2 F3 ...

(RESET) causes certain numbers ton be reset to their lowest
values. These numbers are assaciated with traced functions
because each time a trace printout is printed, the level

(of recursion) of the traced function ig printed also. If

an error occurs, LISP takes the program back to the top level
without executing the rest of the code, and these level
numbers will remain set at the value they had when the error
was encountered. Thus RESET must be called to correct them.



2 V3...) cav

S FIYA RN <
SEUMG, tiao

value which 1s to ko aessigna. o ;o S
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V3 ... to be discontirued.

{(TRACET) is a function which must be called before the
function SLST is called. It sets up certain variables
.and paramters which allow monitoring to proceed.

As it exists on the PDP-6, LISPXY uses EVAL as its
top level. This has several consequences:

1) Typing an atom namwe (followed by a blank)
results in the value of the atct being nrinted on the
teletvpe. {This work: 17 i« i ol
variaizie or 1f the atum wus ouo . il LOWNgn o an erxols
occurred.)

2) Arguments of functions are evaluated rather than
being quoted. Most top level Dendral functions thus
reguire an explicit QUOTE of their arguments.

3) The user can call the function EVALQUOTE before
calling the Dendral functions. Any function call to
EVALQUOTE must have a space betwzen the name of the function
and the first left parenthesis.

The functions which are usually called from,the top
level are listed below. A description of each of these
functions may be found in the memorandum dated January 10.

STARTDENDRAL, DENDRAL, ISOMERS, CHNOPSXVQW, HSTGRM, ADDICT
UNADDICT, UNDICT, PRINDICTLIST, CHECKMATCH, FIXBADLIST,
INDOT, RADORD, REPRAD, ADDNAM, SUBNAM, UNSTRING.

For the new user of the procgram or for somecne who
has not used the program for a while, an initial call
of STARTDENDRAL is advised. his will print a description
of the current version of the program and instruct the
user to call the function DENDRAL in order to exercise
the available options.

It is not necessary to call DENDRAL, however. The
function of DENDRAL is to ask guestions about the
options and then ask for a composition name to give to
the function ISOMERS. The options which are asked about
are:

1) Whether to turn off the dictionary. (SETQ DICTSWITCH
{QUOTE OFF)) if dictionary is not to be built. (QUOTE ON)
will allow the dictionary to be built as usual.

2) whether to allow dialog {intermediate printout
within the function GENRAD). (SETQ DIALOG (QUOTE QOFF)) if
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no dialog is to be allowod.
given.

3} Whether to contro!l
variazble called AMT dotermin
pausc in listing output. TR N
causes the program to pauss afvon ove: A NG -
request permission to continue. ihe ¢ olal variable calleow
OUTCONTROL is set to (QUOTE OFF) if the cutput is to be
uninterrupted.

i

These variables may be set by the user and then . a call
on ISOMERS may be made without first calling DENDRAL.
The function ISOMERS takes a composition name as its argument.
Remember that this composition name must be quoted if EVAL
is being used as the top level of LISP. The composition
may contain any number of carbon, hydrogen, nitrogen,

oxygen, phosphorus, and sulfur atems. If a different tyne
of atom iz to be introdurod, Wi uens crn call the funcyioo
CHHOZsXVOY (note the new W' &av the en. . the name of this

function) directly.

If the structure specified by the composition name is
a molecule, the program will ask if the partitions are to
be observed. The single character resporse "N" will bypass
the partition option and cause structures to be generated
in increasing Dendral order. The single character response
"Y" will cause a list of partitions to be printed. The
user will then be requested to enter a list of numbers
or "NIL" or "PLAUSIBLE". The list of numbers defines a
reordering of the partition list. NIL specifies that the
partition list is to be unchanged. And the word PLAUSIBLE
causes the function PLAUSORDER to be called to obtain a
reordering of the whole partition list on the basis of
plausibility, with the most plausible partition being first
on the list. Structure generation will then proceed by
calculating all structures implied by the first partition,
all structures implied by the second partition, and so on.

One option must be exercised by the user before calling
any structure generating functions (i.e., it must be exercised
at the top level). This is the spectrum option. If the
global variable called "SPECTRUM" is set to a list of numbers,
then only those structures whose molecular weight is contained
in the list of numbers will be cenerated. This includes all
radicals and subradicals which are checked against the
spectrum before being attached to the partially built structure.
(Remember to set the SPECTRUM to NIL when done with that
structure or else the spectrum option will continue to be
exercised where it may not be meaningful.)

In order to obtain the numbers to use for the spectrum
option the user may call the function HSTGRM with one argunent
which is the structure in list notation. This function will
return the list of numbers which represents the first order
spectrum of the structure. The function INDOT will convert
dot notation to list notation if the user is in doubt about



about the correct list noctation.

Other handy bits of knowliedge:

1) If the dictionary is being built whilc a spectrum is
current, the dictionary building apparatus ignores the
spectrum so that the dictionary is independent of any
spectra data.

"2) Building the dictionary takes quite a while and interrupts
the basic flow of the program. So, if a demonstration is
being given, or if only one or two structures are being
observed and building a dictionary for future reference is
not important, it is better to turn off the dictionary

(SETQ DICTSWITCH (QUOTE CFF)) hofore venerating structures.

3) The function PRINDICTLISY wiil allow the user to see
which compositions have been included in the dictionary.

4) An error during execution will cause the program to
return to the top level (EVAL). Typing bell will also
cause the program to return to the top level. Typing
control C will cause the program to be interrupted and
the user will then be talking to the PDP-6 monitor.
Typing S to the monitor will then take the user back
into Dendral, but the point at which the program was
interrupted will not be resumed. Instead, the user will
be talking to EVAL.



