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ABSTRACT

Thé Symmetrical List Processor SLIP, developed by Professor
Joseph Weizenbaum of MIT, was implemented with considerable mod-
ifications and additions on the Uhiversity of Cape Town com- '
puter. :

A packége to perform automated analytical differentiation
(DERIV) was developed using SLIP. Basic simplification tech-
nigues as well as convenient input and output routines were in-
cluded. The package was tested extenslvely and a rough compar-
“ison drawn with the abilities of various computer languages and
programs which include the same facility as DERIV.




CHAPTER 1
THE HISTORY & PROBLEMS OF SYMBOLIC DIFFERENTIATION BY COMPUTER

1.0 Introduction. , _ _ _
A brief history of automated symbolic manipulation with

emphasis on differentiation procedures is followed by an ex-
pdsition of the difficulties commonly encountered in this field,
such as running out .of core space'ahd the consistent represen-
tation of algebraic expressions.““'

1.1 History of Symbolic Manipulation.

The. earliest efforts were by Nolan (8) and Kahrimanian
(9), who independently of one another (1953) wrote computer
programs for performing differentiation. Because of severe res-
trictions imposed by the technology of the time, their routines
_ Were necessarily primitive.

The programs mentioned above are described in some detail
in (10). The algebraic expression to be differentiated has in
(9) to be completely parenthesized and encoded in a 3-address
code. This transformation begins with the innermost set of par—
entheses and works outward. The resultant tabular form of the
input expression thus has the simpler elementary functions list-
ed first and then, following in sequence, the more complex ele- .
mentary functions. The differentiation program operates on this
tabular form of the expression and generates a similar form to
represent the resultant derivative. The final tabular output
has to be recombined by the user in order to obtain an analytic
expression for the derivative. . '

Nolan's program (8) also requires encoding of the expres-
sion to be differentiated by the user. However, the trahsformat§
ion- into tabular form in this case is started at the outermost
parenthesis-pair of the fully parenthesized input'expression and
is progressed inwardly. Upon input to the computer a simple
differentiation operator is introduced. By recursive application
of the elementary rules of differentiation this operator is ad-
vanced down through the lines of the tabular form of the input
expression until it is finally eliminated. During this process
the tabular form of the expression is transformed by the ele-
mentary rules of differentiation so that when the differentiation -
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operator has been eliminated from the form, the resultant tab-
ular form represents the desired derivative. This must then be
decoded by the user into an analytical form of the derivative.

Slagle (11) has written a LISP program using the differen-.
tiation procedure described by Nolan as part of his SAINT auto-
matic integrator. | .

Subsequent programs have been written using the same tech-
nique of differentiation with the refinement that the ehcoding
of the mathematical expressions from the parenthesized linear
form into tabular form is done automatically prior to differen-
tiation and the inverse transformation before output.

Hanson et al. (10) have a different approach. The expres-
sion in analytiéal form (with only necessary parentheses in-
cluded) is read into the program and converted into an inter-
nal form consisting of triples (left operand-operator-right
operand) , where the operators (including elementary functions
of one argument represented as binary operators with dummy left
operands) are ordered according to a precedence assigned to
each of them. These triples are in effect equivalent to Polish
prefix notation (see 3.1). The triple table for the derivative
can then be built up by applying the differentiation rules for =
the various operators to the triples in sequence. This is then
decoded into an output analytical form with only necessary par-
entheses included (possible since the precedence of the oper-
ators is known). This program was extended to get rid of reduﬁé
dancies caused by multiplication by 1, addition of 0 .etc. Such
extension was neceséary to save gtorage space. The internally
used triples are stored in matrix form in the computer. (10)
includes flowcharts of the procedures used in this program. ‘

More recently list processing has been widely used for per-
forming symbolic manipulation. There are several programs writ-
ten in LISP which are specifically intended for.differentiation,
or include such a facility. A general algebraic language called
REDUCE 2 (13) was developed by A. C. Hearn for use in gquantum
electrodynamics. SLIP was used by Lapidus and Goldstein (6) to
develop an algebraic package (SYMBOLANG) which included differ-
entiation. Since SLIP was found to be slow, they intended re-
writing the system using a faster 1list processor.

There are several other techniques which have been applied
to Symbolic differentiation. A'syntax4§irected compiler was
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~used by Schorr (14). P. J. Smith (15) used arrays and pointers
for differentiation, avoiding the necessity of using'a list
processor or recursion. Wengert (16) and Wilkins (17) have de-
veloped a semi-analytical technique for obtaining the derivative
of an expression.at a point. This is of limited usefulness.

Most of the modern‘high—level languages used for symbolic
manipulation incorporate differentiation as well. FORMAC, ( (18),
(19) & (20) ), has this facility and since it also has formid-
able simplification techniques, it has the capability of out-
putting a derivative in a reasonably concise form. However, it
has heavy core requirements, restricting the size and complex-
ity of expressions it can deal with considerably at most instal-
lations where it is used. ,

‘Less general purpose languages can deal more efficiehtly
with the core requirements of an automatic differentiator, e.g.
REDUCE 2 (13). MATHLAB, also written 'in LISP is intended for use
in "conversational mode" (21). ALAM (22), also LISP based, has
differentiation facilities, as has the B-code system of Barton
et al. (23). These two systems have been used exténsively,in
calculations in general relativity. (23) also provides a table
(p. 39) comparing the time and core reQuirements of four alge-
braic manipulation systems, results which seem to indicate that
for the program tested, B-code is faster and uses less core
than the other systems in the comparison. Numerous other systems
exist which have facilities for doing automatic differentiation.
1.2 Problems Encountered in Automated Algebraic Manipulation.

.The basic problems are the vast amounts of storage which
are used by such routines in order to solve realistic problems,
and the time consumed in the process; Tnat the former problem
should occur is clear if one considers for instance the expan-
- sion of & product of two polynomials of n terms eaoh; in which
case as many as n2 terms are produced. In general, when expan-
sion of factored e§pressions is attempted, storage utilization
tends to increase exponentially rather than linearly. Only-.in
some specialised cases can this be avoided. Differentiation
also tends to expand expressions at a faster than linear rate.
For instance tests carried out with the SLIP differentiator
described in Chapter 3 indicate this clearly. |
' The other problem is that symbolic manipulation is very
much slower than numerical use of a computer. In (23) the table
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meéntioned above indicated times of the order of minutes taken

to perform symbolic calculations. (23a) also illustrates the
problems'encountered clearly. S '

The first of the above-mentioned problems is far more
restrictive than the last. Hence simplification techniqﬁes are
vital to any symbolic manipulation program. This was realised
early in the develdpment of this field of computer science.
Current trends seem to be to develop a mathematical theory of

simplification for application in practice. Involved are the
" ideds of zero equivalence ( (34), (28) ), regular simplifica-
tion algorithms and canonical forms (29) for simplifying alge-
braic expressions. J. Moses (24) discusses this in some detail.
Automatic simpiification”has been developed considerably in
FORMAC (19). |

Another attempt to reduce core and time restrictions is by .
restricting the class of algebfaic expressions dealt with.
ALTRAN (25) deals with rational functions. G. E. Collins has
written a system called PM (26) for handling polynomials. W. S.
Brown's ALPAK system was meant for truncated power series, poly-
nomials and rational functions. Thelcomputing times of several" S
systems including PM are compared in (27). Collins and Brown,
among others, have done theoretical work in polynomial algebra
~( (30) to (33) ) which should pay.dividends in future algebraic
manipulation systems. Extensions of the theoretical and précti—"
cal innovations to ofher classes of functions are also likely.

' It is nevertheless improbable that the field of symbolic
-manipulatibn will ever be completely free of core and time in- -
efficiencies, since such problems seem intrinsic to the very ‘
nature of this wofk. Technological advances such aévfaster cir-
‘cuitry and laser based storage devices of enormous capacity
should relieve some of the restrictions which are éncounfered
in modern algebraic computer languages. | »



CHAPTER 2
THE SYMMETRICAL LIST PROCESSOR (SLIP)

2.0 Introduction.

SLIP is a list processing system distinguished by the sym~
metry of its lists: each list element is linked to both its
predecessor and its successor. In contrast to most other list
processors, SLIP is nbt an independent language but is intended
to be imbedded in a general purpose higher language such as |
FORTRAN, in this case UNIVAC 1108 FORTRAN V (3%6). The original
version of SLIP was developed by Professor J. #eizenbaum at MIT.
~His paper on SLIP.(1l) presents a complete documentdtlon of the
system, including a FORTRAN listing which is dlmost complete,

. and a statement of the underlying philosophy. Of partlcular
note is the method of reclaiming unneeded nodes bf lists for
reuse (see 2.2). '

© In addition to the FORTRAN functions and subroutines, some
basic assembly language routines ("primitives") are required.
These are of a basic nature inaccessible to FORTRAN since’ they
manipulate'parts'of words, extract the addresses of words and
perform various other fundamental tasks. These primitives have
to be implemented for each installation where SLIP is to be
used. This is not difficult and this version of SLIP (hence—'
forth referred to as U-SLIP) has its primitives coded in UNIVAC
1108 ASSEMBLER (37). ‘

This approach to list processing has several advantages.
The flexibility of 'FORTRAN is combined with the fagility of
manipulating list. structures. It is fairly easy to install SLIP,
since the coding of the majority of routines is available .in (1)
and SLIP is well documented in (1) and (2). The FORTRAN routines
are largely maihlne independent, and the prlmltlves upon’ whlch
they are based are simple to code and debug once the linkage .-’
from FORTRAN to ASSEMBLER is known for a particular machine.
This allows radical modifications of the node design of SLIP
lists with the only programming changes necessary being to the
primitives. However, if the. number of words per node is changed,
probiems are encountered as was the case with U-SLIP. This is

(5)
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discussed below. Additional routines may be added to the SLIP
"library" by the user without much difficulty.

Disadvantages of a system such as SLIP include inefficien-
cies which a good compiler or'interpreter may overcome. For
instance, LISP is probably much faster in performing basic list
. processing operations than SLIP. |

SLIP hes been implemented at several installations for use
in symbolic manipulation of algebraic expressions, as Well as
in other areas ( (4) to (7) ). An article by D. K. Smith (2)
was found very useful in clearing up some matters dealt with
only briefly in (1). It also includes excellent examples of the
use of SLIP. v | |

U-SLIP differs in several respects from Weizenbaum's orig-
inal version (henceforth referred to as W-SLIP). It corresponds
more closely to the official UNIVAC-supported SLIP package (3),
known as X8-SLIP. However, it differs from this as well and
hence a full description of U-SLIP is included below.

, The SLIP routines operate primarily by side-effects, i.e.
when used as functions, the function value is less important
than the operations performed by the routine in obtaining the
value, The subroutines are invoked by a FORTRAN CALL statement
whereas the functions may be invoked this way or in the noirmal~
"1ly used manner, but not by both methods for a particular
function in the same FORTRAN program.

‘The nodes of U~SLIP have had to be rearranged from those'
of W-SLIP since the latter was able to use the partial word
features of an IBM 7090 computer. The UNIVAC 1108 has different
partial word features, being a 36-bit word machine. A U-SLIP
node uses three memory words rather than two. Though this means.
that 50% more core is utilized, more information can now be |
stored per node, vital to the SLIP differentiator (see Chap. 3).
This change of node-size from W- SLIP meant that many changes
had to be made to FORTRAN routines listed in (1), many of a
decidedly tricky nature, and unfortunately much time was spent
in debugging U-SLIP. More primitives had to be writtén to access
the additional fields of a node made available by the larger
node size. ' ‘ _
| The routines of U-SLIP were groubed into several subprog-
rams with multiple entry points for efficiency in creating a
program library. The grouping was effected in such a way that
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no routine calls another (directly or indirectly) which resides
in the same group. This was necessitated by FORTRAN V compiler
| restrictions. The ASSEMBLER primitives reside in two separate
'subprograms, with multiple entry points. Included are the basic
primitives required to access the various fields of a node as
well as the linkages necessary to implement SLIP-recursion (see
2.3.2.6), some character, bit and logical operations and vari-
ous diagnostic aids. _

The input/output routines 1mplemented in U~ bLIP are those
of W-SLIP and not the X8-SLIP routines mentioned in (3).
2.1 SLIP Data Structure. ‘

The most notable characteristicvof'SLIP as & list proces-

sor is the symmetry of its lists. Since the linking of list

elements is done in both the forward and backward directions, -

lists do not have a preferred orientation. The last element is

" as easily obtained as the first.

‘The basic unit of storage in U-SLIP is the cell consisting

-of three consecutive memory words; each cell is divided up into

‘various fields, according to the function of the particular

cell (node). The ID-field, occupying the leftmost six bits (81)

- of the second word of.a‘cell distinguishes between the various
"SLIP cell-types. ' ' v )

| 'ID = O: datum cell. The datum is not interpreted as the

name of a list (name-format is explained below).
1D

1: datum cell in which the data is interpreted as the
name of a list. : : -

ID = 2: cell is the header of a list (unlque to the list).

ID = 3: cell is the reader of a list (see 2.3.2.4).

'In addition to these cells, there are description list (DL) dat-
um cells which do not have an ID-field (see 2.3.2.5).

Figures 1 & 2 indicate the partial word features of a 36-
bit 1108 computer word (with.the various partial word designat-
ors), and a diagrammatic outline of the division of U-SLIP cells
into fields, which are identified in most cases by means of, the
names of the functions used to reference the values stored in
them. v ‘ |

The 1108 computer uses & 6-bit code ("fielddata") for
alphanumeric and special symbols and hence one computer word
can hold a maximum of six fleldddta characters Thus - the datum
of a U-SLIP cell can hold six symbollc characters, or. integer
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or real numbers. ‘

The LNKL and LNKR fields store the addresses of the pre-
ceding and succeeding cells on a.list. All cells except those
used as readers are part of a unigue list, either created by
the user or the "list of available space" (AVAIL) which is main-
tained by the SLIP system. The LNKL field is not always used.
AVAIL itself is only linked in the forward (downward, left-to-

right) direction. Reader cells are also only linked in the

forward direction, and here the Hl field of word 1 of a node is

used to contain the address of the cell to which the reader is
burrently pointing (LPNTR). This is as in W-SLIP. In cpntrast
to W-SLIP, description (attribute-value) lists do not occupy
two nodes, but utilizing the extra space available in a U-SLIP
node, the attribute is stored in word 2 and the corresponding
value in word 3. (X8-SLIP allows both forms of DL). Since there
'is thus no space for an ID-field, the LNKL field has thé'neg—
ative value of the address in a datum cell of a DL to distin-
-guish it from the header cell 6f the DL which has the.link~
address in LNKL positive. ‘ o

The ID~field of all other types of cell is stored in S1 of
word 2. For cells with an ID of 0, 1 or 2, bits 7 to 12 (S82)
contain a "mark" field (MRK) and bits 13 to 18 (S3) a Ufiag"
(FLGB. In W-3SLIP only header cells contain a mark field to
which U-SLIP header cell MRK fields are exactly equivélent.
Whenever the mark of a list is referred to, the MRK field of
its header is meant. The U-SLIP FLG field has no equivalent
in W-SLIP., | |

For cells with ID = 0 (datum cells) there are two datum
fields. The entire third word of such a cell is reserved for
data, This corresponds to the datum field in W-SLIP. An addit-
ional half-word of data may be stored in H2 of word 2 of a
datum cell (ID = O or 1). This is the HAF field (see fig. 2)
and has no equivalent in W-SLIP. : .

Sublist cells (ID = 1) are arranged similarly to the datum
celi except that while the HAF field may contain a datum, the

third word is occupied by a list-fame in name format (see below).

Header cells (ID = 2) contain a level (reference) counter
in the LCNTR field (H2 of word 3) and the address of the header
of a DL attached to the list in the DL field (H1 of word 3).

The HAF & FLG fields may contain user data as they are not used
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by the system. DL contains zero if a list has no DL attached.
The MRK field can be used by certain functions includea in SLIP.

Since each list has a unique header cell, lists may be
referenced unambiguously by the address of the first word of the
header cell. This is usually put into some data word in the |
program in name-format. This data word (FORTRAN variable) is
then known as the name of the 1is't. Name-format means that the
address of the header of the list referred to occurs in both Hl
and H2 of the word, e.g. if a list is created by the SLIP state-
ment: IONE = LIST(9)
and the address of the header cell of this list 'taken from
AVAIL, is 046157 then the variable IONE will contain the fol-
lowing: 046157046157 |
and at any time that the list is referenced in a program (either
by IONE occurring as a function argument or if it is the datum
in a sublist cell with ID = 1), the system will check whether
such a list indeed exists and reference it. Similarly by simple
assignment the name of the list may be transferred to some other
variable in a SLIP program and yet remain & valid name of the
same list.

A list A is said to be a sublist of another list B if the
name of A appears as a datum in a sublist cell on B. A is a 1list
in its own right however. Any list may occur as a sublist of
another list. A tree may be represented simply using sublist
nodes to point to branching-off subtrees. Common sublists are
allowed. Thus a list appearing only once in memory may simul-
taneously be referenced as a sublist by several 1list structures,
or several times by the same list structure. Figure 3 gives an
example of a U-SLIP list structure with a reader referencing it.
Figure 4 indicates an empty list. |
2.2 Storage Allocation and Recldmdtlon

SLIP assigns storage dynamically using the llst of avail-
able space, AVAIL, which is created by the SLIP 1n1t1allsatlon
routine acting upon a block of storage provided by the user.
This is divided up into groups of 3 consecutive words and the
whole structure linked in a forward direction.

Whenever a cell is required, the top cell of AVAIL is
retrieved and the quasi-name of AVAIL, AVSL;_which contains the
addresses of the upper and lower limit cells of AVAIL in its.

H1l and H2 fields, is accordingly changed. When a cell is no
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longer required it is returned to the bottom bf.AVAIL, and AVSL
is again altered. When it is required to delete a whole list,
the symmetriceal structure of SLIP is shown to advantage since
this operation is independent of the length of the list to be
deleted. The list is returned to AVAIL as a block, the top of
the list linked to the bottom of AVAIL, and AVSL pointing to the
bottom of the returned list. Hence only 3 links need be changed.
In such a dynamic storage allocation system, efficient use
of space requires that space no longer needed be promptly re-
turned to AVAIL. In some list processors (e.g. LISP) this is
done entirely by system "garbage collection", a search of mem-
ory for data not referenced. In other systems reclamation is
left to the user. In SLIP responsibility is shared between the
system and the user. The essential concept is that of a refer-
ence count (stored in the LCNTR field of a 1ist_header). This
keeps count of the number of times a given list occurs as a sub~-
list in a program. This count is autométically.maintained by
the system which increases it when the name of a list is stored
on some other list and decreases it when the name is removed or
such a containing list is itself erased. Hence the criterion
for erasing a list is that whenever the reference count (RC) is
decreased to zero; the list is not referenced and may be erased.
So long as the RC remains positive, the list is in active use
and must be preserved. Facilities are also provided for a user
to prevent a list from being erased'By giving it an initial RC
of 1. Such a list may only be erased by explicit programmer
intervention. A routine exists to éccomplish this. '
| ‘The above requires the system to maintain RC's dynamically.
It is simple to detide when to increase a RC as every datum
placed on a list is checked to determine if it is in fact the
name of a list. In such a case the RC of the list is incremented
by 1. Decrementing is more difficult. Since all routines re-
moVing or replacing the contents of a cell do-so by returning
the cell to AVAIL, SLIP is able to postpohe decreménting until
the cell containing the name is removed from AVAIL by the rou-
tine NUCELL. The cell could not have been required before then.
NUCELL examines each cell as it is taken from AVAIL. If it is a
list-name, the list referred to has its RC decremented and if
the new RC is zero, the list is erased and returned to AVAIL.
This deferred erasure approach is fundamental to the philosophy
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- of SLIP, having the intention of speeding up list processing.
While it may be contended that this procedure is space waste-
ful (a more critical factor than speed in algebraic manipulation
by computer), the argument is irrelevant as can be seen by what
follows. .Deferred erasure means that some list inaccessible to
& program (i.e. with RC = 0) may remain unattached to AVAIL
until the node referencing it (which has already been -returned
to AVAIL) is encountered there. But if such a node is found
on AVAIL, the inaccessible list could not yet héve been required
anyway because there is still at least one node in AVAIL for
use by the program, and since when the node refers to an inac-
cessible list the latter is immediately returned to AVAIL,
further storage is again avalldble. '
2.3 The SLIP Routines.
2.3.1 The Primitives. _
~Although the primitives have been coded in assembly lang-v
uage, the user calls them exactly as if they,were FORTRAN func-

tions or subroutines. Those primitives which do not return a
value are to be treated as subroutines only. '

Note: In what follows, references to cells occur in two
ways. If a cell reference is written as "A", variable A con-
“tains the address of a cell on which the function is to act. If:
the reference is to "CELL", the function acts on variable CELL
directly. An asterisk on the left of a function-definition below
ihdicates that it is extant in U-SLIP only. :

CONT(A) These two routines are identical, the dup-
INHALT (4) v lication existing only to avoid FORTRAN
" real-integer naming conventions which could
cause automatic conversion of variables
according to FORTRAN naming rules. For
instance, V= INHALT(J) where V- is automatic-
ally typed RLAL (unless this rule is over- v
written) should be replaced by V=CONT(J).
value: The contents of the cell whose ad-
dress is stored in A.

MADOV(CELL) . value: The machine address of variable CELL.
LNKL(CELL) “value: The LNKL (LNKR) field of CELL, re--
LNKR (CELL) turned in integer form. |

* _LNKLP(CELL) value: The absolute value of - LNKL of CELL

ID(A) _ value: The ID field of the cell whose




GETMRK(A)
GETFLG(A)'
GETHAF(A)
| fUTMRK(D,A)
PUTFLG(D,A)

PUTHAF (D,A)

STRDIR(X,Y)

STRIND(X,Y)

SETDIR(N1,N2,

N3 ,CELL)

3

SETIND(N1,N2,

N3 ,4)

SETD3(N1,N2,...

N8 ,CELL)

SETI3(N1,N2,
N8 ,A)

INTGER(CELL)
REALNO(CELL)
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address is in A, in integer format. I%
accesses S1 of address (A)fl where the
brackets denote "the contents of variable
CAMN,

‘value: The mark field of (A), i.e. S2 of

(A)+1.

velue: The flag field of (4), i.e. §3 of

(A)+1. A ‘
value: The half-datum field of (A), i.e.
H2 of (A)+1. _ '
This function stores D in MRK of (4).
value: A. '
This stores D in FLG of (A).
value: A. _ | o
This stores D in HAF of (4).

value: A.

This stores X in variable Y. It is. equi-
valent to FORTRAN assignment, except that

- automatic type conversion is avoided.

value: (X). .
The contents of X are stored in address (Y)..
value: (X). ’ _
This subroutine stores N1, N2, N3 in the
vID, LNKL, LNKR fields of CELL respéctivelyL
If any of them are -1, the corresponding
field of CELL is not chanﬂed from its
prev1ous value. :
As SETDIR except that the cell into which
the values are stored has address (4).
This is an expanded version of SETDIR in
which N1 to N8 are stored respectively in
the LNKL, LNKR, ID, MRK, FLG, HAF, DL and
LCNTR fields of CELL. If any of them are -1
the value originally in the corresponding
field of the cell remains unchanged.
An expanded version of SETIND, similar to
SETD3, except that the cell referenced has
address (4). _ _
~These routines exist solely to circumvent
the FORTRAN neming conventions.
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'value: CELL.

Tracing Routines:

TRCON
TRCOFF
WLKBCX (ARG)

Character and B
'LANORM(DATUM)

SQOUT (MASK,S)

SQIN(MASK,DATUM,
DEST)

SHIN(N,DATUM,
DEST)

Subroutines to switch on (off) the 1108
ASSEMBLER trace routine SNOOPY.
A subroutine to invoke UNIVAC 1108 "walk-
back" which exits a program in error mode
if it is encountered. It is used when SLIP
errors occur. A printout occurs of the
" FORTRAN program éeQuence numbers of ref-
erénces to an inner subroutine-in the hier- -
archy of calls, all the way back to the
main program, before éxiting the program.
Example: If the main program calls sub-
routine A (at sequence no. 190) which in
turn calls function B (at sequence no. 212)
and "CALL WLKBCK(3)" is encountered in B,
the walkback printout would be:-
ERROR EXIT IN B ROUTINE
B CALLED AT SEQUENCE NO 212 OF ‘ A
A CALLED AT SEQUENCE NO 190 OF MAIN PROGRAM
In the call, argument ARG must be the num- -
ber of arguments of the routine within '
which walkback is invoked.
it Manipulation Routines: v
value: The contents of variable DATUM ring-
shifted to the left to remove leadink
blanks. S |
value: The field from S specified by MASK
(1-bits set for the relevant field, O's
otherwise), shifted right once for each
trailing zero bit in MASK. Shifting intro-
duces leading zero bits. _ o
The value, (DATUM), is shifted left once
‘for each trailing zero bit in MASK and then
placed into the field of DEST specified .by
MASK (1-bits set for the relevant field).
value: New confents of DEST.
The contents of DEST are shifted left N
bits, introducing trailing zero bits. The
N rightmost bits of DATUM are inserted .into



2.3.2

\

(16)

the vacated positions.

_ value: New contents of DEST.
. The FORTRAN Routines.

2.3.2.1 Storage Allocation.

*

INITAS (SPACE,N)

IRALST(L)

NUCELL(DUMMY )

RCELL(A)

- LSPACE

The initialisation réutine. SPACE is an
array of at least N words. AVAIL is.created
by forward linking words of SPACE to form
N/3 3-word cells. The last cell of AVAIL
always has a zero LNKR field for recognis-
ing when AVAIL is exhausted. The public
lists W(1) to W(100) (the names of the

- lists are stored in array W: see below) are

also created and left empty but with their

~RC = 4095 (77778) to ensure they are not

erased. The mnames of W(i) as well as AVSL

(see 2.2) are stored in a named COMMON, :

SLIP, so that any program which is to use
the public lists must include the statement
COMMOKN /SLIP/ W(100)

vThe first executable statement of any pro—

gram written in SLIP should be:

CALL INITAS(SPACE,N)
The RC of list L is reduced by 1 and if
the new value is zero, L is returned to
AVAIL. |

value: The new RC-value.
A cell is tayen from the top of AVAIL. If .

none are avallablg the program is termi-
nated by an error message_and walkback.

DUMMY is a dummy argument. S ‘
value: The address of the new.cell obtained.

The c¢ell the addiress of which is in A is
placed on the bottom of AVAIL.

This subroutine counts the number of nodes
of AVAIL and prints it. It is useful to
determine core utilization at any point in
a U-SLIP program, but should be used spar-
ingly since it has to traverse every node
of AVAIL individually and is thus very .

- slow.
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2.3.2.2 Data Manipulation and Testing Routines.
LIST(L) An empty list is created. If I is the lit-
' eral 9, LCNTR is initially zero. Otherwise

ILCNTR is 1 and the name of the created
list is placed in L.
o : value: Name of the created list. _
NEWBOT(D,L) A cell containing the datum D is inserted

NEWTOP(D,L) S - immediately above (below) the header of

' : list L. v ’

\ value: Address of new cell taken from AVAIL.

NXTLFT(D,C)" . A cell containing datum D is inserted to

NXTRGT(D,C) the left (right) of the cell whose address

| V is in C. , , |
value: Address of the new cell taken from
AVATL.

Note: Calls on these functions may be embedded because of |
the values they return, e. g. |
ITEM = NXTRGT(Dl NXTRGT (D2 NbWBOT(LB LA))) : :
SUBST(D,C) . The datum D replaces the datum in the cell
whose address is in C. '
value: The previous datum
SUBSTP(D,L) The datum D replaces the datum at the top
SUBSBT(D,L) - ~ (bottom) of list L.
v value: The previous datum. v
The above three substitution routines operate by returnlng
the old cell to AVAIL and obtaining a new one with the desired
datum. This is of no concern to a user unless a reader or seq— 
uencer 1is pointing to the old cell, in which case STRIND should
rather be used. L
LSSCPY(L) List L is copied and left unchanged. The
copy contains the same data and structure
‘as does L.

_ value: The name of the new copy. | ,
NULSTL(C,L) : C contains the address of a cell on list I.
NULSTR(C,L)}

(right) of C (inclusive) placed on a new
list, while its remaining cells are left
in L. | ' _ ' o
value: Name of the new list created.
INLSTL(L,C)} The entire list (excluding its header) is

L is split, with all the cells on the left L




| INLSTR(L,C)} '

POPBOT(L)
POPTOP (L)

DELETE(C) T

- MTLIST(L)

BOT(L)}
T0P(L)
NAMTST(X)
LISTMT (L)
EQUAL(A,B)
LOCT (L)

LSTEQL(LA,LB)

LSTMRK (L)
MRKLST (M ,L)

MRKLSS(M,L)
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- inserted to the left (right) of the cell.

whose address is C. L is made into an emptly
list.

"value: L.

The bottom (top) cell on list L is returned
to AVAIL.

value: Datum on the removed cell.

Thevcell whose address is in' ¢ is returned
to AVAIL. An attempt to delete a list head-
er this way fails, resulting in an error
message and return of the value 0.0.

value: The datum in the removed cell C.

List L is made into an empty list and all

its cells (excluding_the header) are return-

ed to AVAIL. R\ D
value: L. _

value: Datum stored in the bottom (top)
cell of list L. |

value: 0 if X is a list—namé, -1'otherwise.

value: 0 if 1list L 1is empty, -1 otherwise.

value: 0.0 if A=B, -1.0 otherwise.

' This checks whether list L exists and .if
not an error meSsage is printed and walk-
back invoked. The system'routines use this -
function constantly to ascertain whether
lists are still in existence at any stage
of a program. '

value: L.

value: 0 if list structures LA and LB are
equal, -1 otherwise. Two list structures
are equal only if all data are identical
and the same sublists are referred to in |
the same relative positions of the struc-
tures. '

value: The mark of list L (see 2.1).

The mark of list L is set to M.

value: L.

The mark of list L and all its sublists is
set to M. ‘ '

“value: L.
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MADLFT(C) value: The machine address of the cell to
MADRGT(C) : ‘the left (right) of the cell whose address
v is in variable C. :
MADNBT(L,N) ‘ 'value: Machine address of the N-th cell
MADNTP(L,N)d from the bottom (top) of 1list L. |

2.5, 2 3 Seguencing Mechanism.

After creating a list structure one may wish to process
its elements sequentially. A sequencer (sequence reader) assumes
the housekeeping burden in this task. A sequencer 1s a pointer
containing the address of some cell in a list. It occupies only
one machine address (a variable in a user program) rather than
a node from AVAIL. Tt is not necessarily something unique and
several may be operative simultaneously, even on the same list.

The utility of a sequencer arises from routines designated
to advance it to point to the next cell of a list, either to '
the left or the right. The mode of the advance may be linear
(in the same list), or structural (possible descent into some
referenced sublist). Information about the next cell is pro-
vided by use of a flag, a user-provided variable. '

. SEQRDR(L) - A sequencer is created, p01nt1ng 1n1t1ally
' to the header of list L.
‘ - value: The address of the header of L.
. SEQLL(S,F) _ The seqﬁencer S is linearly advanced to
SEQIR(S,F)d  the next cell to the left (right) of the
o cell to which the sequencer is pointing.
The flag F is set to +1 if the new cell is
~a header, 0 if it is a list-name and -1 -
otherwise. |
valueﬁ Datum stored in the new cell. The?
‘fleg can be tested by the user to decide
on a course of action. _ -
SEQSL(S,F) o The sequencer S 1is structurally advanced 
SEQSR(S,F) to the next cell to the left'(right)‘of
' the cell to which the sequencer is point-
ing. Thus if S initially points to a cell
containing a list-name, the next cell S
will point to is the bottom (top) of the
list of which it encountered the name
(unless that in turn contains a name).
value: Datum stored in the new cell finally
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encountered. The flag F is used as w1th
linear ddVdnces - A sequencer cannot ascend
back into an outer list after it has made
a structural advance into a referenced in-
ner one.

2.%.2.4 Readers and Advance Routines.

. Often it is necessary to be able to trace through a list
structure descending into a sublist and ascénding back into the
original list whenever appropriate. Sequencers, as stated in
2.3.2.3, cannot ascend back into a higher level, since they can-
not retain historical information of their advances. A reader
is a generalisation-of the sequencer-cqnéept, consisting of a
pointer with a memory which is in effect & pushdown stack of
pointers with only the top one active at a given time. The others
store the previous pointers and when popped up, can ascend back
into an outer list at the position where the reader descended
into the sublist, once the sublist has been traVersed.

, A reader consists of cells taken from AVAIL. The address
of the top of the reader stack (the active reader cell) is known
as the name of the reader. A reader has fields as indicated in
figure 2. (See ‘also 2.1). LPNTR is the address of the cell cur-
rently pointed to. LOFRDR is the address of the header of the-
list currently being traced and LCNTR is a level counter show-
ing how "deep" the reader is in the list structure (i.e.’how
many times the reader has descended into sublists) The LNKR
field links the reader stack in the forward direction, the bot—
tom cell having an ILNKR field of value 0.

When a reader is initially created for a list, LPNTR and
LOFRDR are given the address of the header of the list and
LCNTR and LNKR set to zero. If an advance (see below) causes
the'reader to descend into a sublisﬁ, a new cell is téken from
AVAIL and linked to the currentljﬁactive reader cell. LPNTR and
LOFRDR of the active cell will now refer to the sublist and
LCNTR be increased by 1. This continues until the header of the
sublist is reached, which implies that all cells .on the sublist
have been processed. Then the new cell is returned to AVAIL and
the old LPNTR, LOFRDR and LCNTR fields are restored.

The mechanism for keeping track of the reader is thus sys-
tem provided. The user need only create a reader and then use
the advance routdnes, similar to those of &a sequencer, except
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' that the user requests searching for a target (certain kind of
cell). The possible targets are:-

element (E) : ID = 0O
_name (N) : ID =1
word (W) : ID = 0 or 1.

By specifying the mode (linear or structural), targét (element;
name or word) and the direction (left or right), there are 12
possible advances, the name of the advance routine suggesting
its action. For example, ADVLER -is the routine for advancing
linearly element right. | | | i

LRDROV(L) A reader of list L is created, initially

' - pointing to the header.
value: Name of the reader.

ADVLEL(R,F)~ The reader R :'is advanced in the indicated
ADVIER(R,F) direction, searching for a cell of the type
ADVLNL(R,F) y # specified by the target. Since these are v
ADVLNR(R,F) : linear advances, descent into sublists does
ADVIWL(R,F) not take place. If the header is encounter-
ADVIWR(R,F )~ ed before the target is found, the search

stops with flag F nonzero. If the target
is found, F is set to zero.

~value: If the target is found, the datum in

the cell found is delivered, otherwise 0.

ADVSEL(R,F) "The reader R is advanced in the indicated
ADVSER(R,F) direction searching for a cell of the type
ADVSNL(R,F) specified by the target. The search is
ADVSNR(R,F) | structural so that until the target is
ADVSWL(R,F) found, any list-name will cause the reader
ADVSWR(R,F)‘J to déscend into the sublist and continue

"the search. Recognition of the header of
the main list Stops the search, while ény
other header causes the reader to ascend
in the 1list structure and continue the |
search. The flag F is made non-zero -if the
target is not found, zero if it is. |

v : value: As above. |
LOFRDR(R)  .value: The name of the list currently being

“traced by the reader R.

LPNTR(R) value: The address of the cell to whlch the
‘ reader R is currently pointing.
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LCNTR(R) value: The level counter of reader R.
REED(R)_ " value: The datum in the cell to which the_
.~ reader R is currently pointing.
INITRD(R) . The reader R is made to point to the headef
| of the current list. N
. value: R. :
LVIRVT(R) Reader R ascends in the 1list structure

until it is pointing to the cell in the
:main list from which it last descended.
Nothing happens. if R is already‘pointing
into the main list. |
: value: R. :
"LVIRV1(R) -~ As above, except that R ascends only one
level. ' ’ ' '
| value: R. :
~ LRDRCP(R) ~ The reader R, including its associated
B linking cells. is copied. This gives two
readers of the same list which can be ad-
vanced ‘independently. '
value: Name of the copy of R.
IRARDR(R) ' - The reader R, including its associated
“ linking cells is returned to'AVAIL;“
value: Level counter of R. B
ADVLL, ADVLR, ADVSL and ADVSR are internal SLIP rOuﬁines
used by the advance funcfions and are of no concern to a user.
They are merely separated from the latter routines to'avoid a
three-fold duplication of coding. ' ,
LSTPRO(D,R) - .This routine searches through a reader
o stack for a LOFRDR reference to datum D,
a list-name, i.e. it seeks to find whether
the reader has already traversed into D
at some stage. This routine is used by
'LPURGE (see below).
-value: O if R has traversed through list D _
‘ : previously, -1 otherwise. .
LPURGE(L) A reader is appointed for list L. It then
' searches structurally through the list ‘
struéture, removing‘all references to_all
sublists except the latest reference to
each of them. |
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value: The number of cells deleted from L.
The above two routines are not documented in (1) or (2)
although FORTRAN listings of them are included in (1). Their
use appears not to be of general interest. '
2.3.2.5 Description (Attribute-Value) Lists.
A description list (DL) may be associated w1th any llst

It is composed of cells linked uogether symmetrically but with

" the LNKL field address stored negatively. Word 2 of each cell’

© 1s said to contain an attribute, word 3 the corresponding value.

Such a list is not a sublist, since its name does not-appear
as a datum on the host list. Instead its address i1s stored in
"the DL field of the header node of the host list. DL's cannot
be manipulated by advance routines.
 NEWVAL(AT,VAL,L) The DL of 1list L is searched for the at-
' ~ tribute AT, If found, the corresponding
value is replaced by VAL. If not found,
AT and VAL are added at the bottom of the.
DL. If no DL exists, one is created con-
taining AT and VAL. N
value: The old value of AT if one exists,
: zero otherwise.
- ITSVAL(AT,L) The DL of 1list L i1s searched for the at-
- tribute AT. If no DL exists, an error
indication is given, printed out by the -
subroutine DERROR(L).
value: The value corresponding to AT 1f AT
_ is found, zero otherwise.
NAMEDL(L) ~ value: The address of the header of the DL

of list L, if one exists, 0 otherwise.
MAKEDL(ILA,LB) The list LA (which must already have been

created) is made the DL of list LB, re-
placing any previous DL. | |
value: LB.
NOATVL(AT,L) - The DL of list L is -searched for the at-
‘ ‘tribute AT. If found, AT and its corres-
ponding value are removed.
value: 01ld value correspondlng to AT if AT
was found, zero otherwise.
MADATR(AT,L) value: Machine address of attribute AT on
- | DL of list L if it exists, -1 otherwise.
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MTDLST (L) The DL of list L, if it exists, is made
' into an empfy list.
- value: L. _

LISTAV(AT,VAL,L) If a DL of list L does not exist, one is .
created. AT and its cbrresponding value
VAL are stored at the bottom of the DL,
without a search for AT in the DL nodes
already extant. (Compare NEWVAL above.)

Examples where DL's are used are given in (2).
'2,3.2.6 Recursion. ' ' |

A subterfuge must be resorted to in SLIP in order to per¥
mit recursion in a FORTRAN program. bach block of programmlng
to be entered recursively must begln with a uniquely labelled
statement. In W-SLIP this label is assigned to a unique vari-
able using the ASSIGN statement. In U-SLIP this has been avoid-
ed since the compiler objected to ASSIGN variables being used
in any way except in GOTO statements. Instead the FORTRAN V |
technique of putting the statement label, prefixed with a dol-.
lar sigh, as an argument in.a function call was used.

SLIP-recursion uses a pushdown 1list of return addresses.
The routine VISIT initiates the recursion by storing the address:
of the.next instruction in sequence and then branching to the
statement label specified as an argument. The routine TERM ter-
minates the recursion at the end of the block of statements
entered recursively by a transfer to the address stored in the
top of the pushdown list.

The public lists W(1) to W(1l00) (see 2.3.2.1) are useful
for transmitting arguments and saving local variables. In U-
SLIP the list used for return addresses is in fact an addit-
ional public list w(lOl)

There is no difference between W(l) and user defined lists,
except that the former are predeflned and have LCNTR=4095 to
ensure that they are not inadvertently erased‘during a program
by the storage reclamation mechanism.

A description of VISIT and TERM, which were nand-coded in
assembly language follows. -

VISIT(Z],X) - This function picks up the return address
‘ ‘ from the function reference to VISIT. The
statement
~ DUMY=VISIT(Z10,PARMT2(3,4))
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has 1108 ASSEMBLER equivalent:-
LMJ X11,PARMT2

+  (3)
. (4)
S+ walkback word
SA AO0,ARGZ2
(1)  IMJ X11,VISIT
(2) J 10L
ARGZ2 + 0

+ walkback word
(3) SA A0,DUMY o
When statement (1) has been executed, reg-
ister X11 contains the address of statement
(2) in its H2 field (see fig. 1). Since the
ﬂumber of arguments (represented by the 3
statements after (1) ) are fixed, the re-
- turn address can be determined by storing
H2 of X11 on the pushdown list, and upon
return from the relevant recursion adding
3 to this value and Jjumping to the result-
ing return address, in this case stafement
(3), which corresponds to the assignment
part of the FORTRAN statement above. In
statement (2), 10L is the label attached
to the first ASSEMBLER statement of those
generated by the FORTRAN statement labelled
10. The first argument of VISIT, j, is the
label attached to the first of the block . .
of statements to be entered recursively.
The second argument, X, is not used in the
- VISIT function, but as can be seen in the
example aboVé,'is useful for saving vari-
ables before the recursion takes place.
(See PARMT2 below). If PARNT2 or PARMTN
.are not used, the second argumeht serves
- no purpose but should still occuf, e.g. as
follows:- V |
QONE=VISIT(gZ358,-1)

After the address of the current statement
has been determined by VISIT, it is stored
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“on top of W(10l) and control is trans-
 ferred to the statement of which the label

is the first argument of a call on VISIT.

The current level of recursion is ascended from by the use

of the following routine:-

TERM(V,X)

'PRESRV(N)

RESTOR(N)
PARMT2 (A,B)

The address stored at the top of W(101) is
popped up and retained by the routine. The
first parameter V is inserted into accum-
ulator register. A0, which 1is used by
"FORTRAN V to carry over the value of a func-
tion upon return to the program calling |
it. See example above under VISIT. In that
example TERM returns control to statement
(3), and V is returned as the value of the'
corresponding VISIT function which trans-
ferred control to the block of coding ter-.
minated by the current call on TERM. Hence
DUMY has the same value as V. The second
argument, X, is dummy (cf. VISIT above).

It is included for an optional call dn the

~ RESTOR function (sée below) to pop up the

values saved on the W(i) when recursion was
entered at the corresponding VISIT function.
Control is transferred to the address ob- |
tained by popping up W(101l) and adding 3
to it (see description of VISIT above).
The first N public lists, W(1) to W(N)
have their top values again pushed down
onto them. |

The first N public lists are popped up;

A is pushed down onto W(l), B onto w(2).
value: A. V

Since the FOR%RAN V compiler does not allow a variable

- number of arguments in a function call, the W-SLIP version of
PARMTN (see (2), p.407), with variable N arguments had to be

revised as follows:-
*  PARMTN(V,N)

V is an array, dimension.N which contains
the N values to be pushed down on W(1l) to
().

value: V(1).
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2.%.2.7 Input/Output Routines. _ |
These are relatively undeveloped in W-SLIP, and not with-
out good reason, since not only is FORTRAN I/0 available to the

user, but I/0 routines are highly machine dependent. Word sizes
of computers vary widely and the representation of alphanumeric
data changes as well. For instance, the RDLSTA routine (see be- -
low) required a major overhaul of the W-SLIP version for inclu=-
sion in U-SLIP. Three I/0 routines are available in U-SLIP.
* LSTRCE(L,NAME,N) This subroutine prints out in sequence all
‘ the nodes of a iist L as they are encount-
ered. Although‘it cannot print more than
~one linear list at a time and omits to list
any sublists referred to in L, it was found
to be useful as a diagnostic aid. NAME is
a Hollerith name of at most six characters -
which is included in the heading of. the
printout of L. The first two words of the
nodes of L are printed in octal format. The
same applies to the third word of header
and sublist nodes. If argument N of the
routine is 0, all remaining datum words are
I v printed in octal format, whereas if N is 1
fielddata ("A") format is used. A
"RDLSTA(DUMMY) -~ This function reads a list structure
o punched on data cards. Each list and sub-.
list is enclosed in.parentheses with ele-
ments separated by blanks (one or more).
The data are stored in fielddata form (see
2.1), 6 characters to a datum word of a
node. Any datum with fewer than 6 charac-
ters is .left justified and the waste space.
blank-filled. Only the first 72 card col-
umns are read and if the end of the list
structure (indicated by the mate of the
" initial left parenthesis) has not been
found by théh, another card is read. Cards
are printed as soon as they are read.
value: Name of the list created.
PRLSTS(L,N) A subroutine to print a list structure L,
' one element per line. The format of the
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data is I14 if N=1 (integers), A6 if N=2
(alphanumeric data) and F10.4 if N=3 (real
numbers). The beginning and end of sublists

® are indicated by messages and by indenta-.
tion. -

. Examples of the use of SLIP are given in (1) and (2). " .
Further illustrations are provided by the source listing of |
SLIP itself, especially of the higher level rbutines, e.g.
 LSSCPY and LSTEQL, which use SLIP-recursion, and RDLSTA where
bit and string manipulation primitives are used to advantage.

The full source listing of the routines of U-SLIP may be found :
in Appenalx A.

The AND and OR functions of W-SLIP. are not provided in U-
bLIP since they are available, together with several other
logical functlons, 1n FORTRAN V -



CHAPTER 3
DERIV, A SYMBOLIC DIFFERENTIATIQN'PACKAGE

3.0 Introduction.

A set of routines written in U-SLIP for performing analy-.
tical differentiation by computer is described below. Input and
output routines are included, having useful features such as
I/0 of expressions in a notatlon as close as poss1ble to math-
ematical conventions. The system is designed to be expanded: in
scope, and simplification of derivatives is attempted to a cer-

“tain extent. | |

3.1 Trees, Polish Notation and Algebraic Expressiohs.

A tree is defined as a finite set of nodes such that:
(i) there is one specially designated node called the root T;
(ii) the remaining nodes are partitioned into m (> 0) disjbint

sets T T2, ooey T where each of these sets is in turn

b

a tree? A single node is also a tree.

A terminal node comes at the end of a branch of a tree,
whereas a branch node is one that is not a terminal node. The
degree of a node is the number of branches extending from it.

A binary tree has all its branch nodes of degree 2. A tree may
be represented diagrammatically as in figure 5. - |

Any algebraic formula may be represented by a tree, ter-
minal nodes being operands and branch:nodes of degree n rep-
resenting n-ary operators. Functions of n arguments may be re-.
garded as n-ary operators, operands as nullary operators. All
the elemehtary functions and operators commonly used in alge-
bra and trigonometry are either unary or bihary. If a null- »
operand (here represented by the symbol &, in the DERIV system
by the cross-hatch or number sign, to use the ASCII term-fbr‘it)'
is introduced, the unary operators can be represented as binary;'

~so that only binary trees need be considered here for the rep-
resentation of elementary algebraic expressions. P. Wegner con-
siders operators of generalised degree ( (35), p.240), .and in
fact a very powerful differentiation routine may be based on
this concept. - |

Figure 6 shows the tree répresentations of several algebra-
ic expressions.'Note that trees are parenthesis-free and the

Y 2
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precedence of the operators of an algebralc express1on is clear
from the tree structure which represents it.

By traversing binary trees in the three possible manners,
three different methods of representing an algebraic expression
linedrly can be generated. | o |

By traversing such a tree, visiting the root at any stage, -
then its left subtree and then its right subiree until all
nodes have been visited (preorder traversal), Polish prefix
notation is generated. The examples of figure 6 give the fol-
lowing results: ' | -

X +xy-X2xy

SIN £ / x LN & x

+u+Xw/xyz ,
It may be observed that an operator always precedes its left and
right- operands (be they single variables or express1ons)

Traversing a tree in the order left subtiree - root —_rlgnt
subtree (postorder traversal) leads to the method usually em-
ployed for writing mathematical expressions_(after necessary
parentheses have been inserted to preserve the precedence of the
operators of the expressibn). This is known as infix notation.

The third possibility for tree traversal (left subtree -
right subtree - root) known as endorder traversal, leads to re-
verse Polish (Polish suffix, postfix) notation. The examples
of'fig. 6 are again used for illustration.

| Xy +2xXy-=X

£ x £ x IN / sIN

uwxy/ Xz + +
Here an operand is always preceded by its two operands Polish
suffix notation is well known to compiler writers since it is
the most convenient way of evaluating expressions, using a push-
down stack. It is also simple to convert infix expresslons to
their Polish suffix counterpart by using a stack to push down
operators while carrying across operands to the converted ex- .
pressions. Operators are popped off the top of the stack if the
precedence of arn operator about to go into the stack is less
- than or equal to (see note below) those at the top of the stack,
otherwise the operator is stacked immediately. The precedences‘
are preassigned-to all the possible operators. 'The algorithm
for converting infix to Polish prefix notation is similar (see
3.3.3). This form of Polish notatidn, rather than reverse
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Polish is used in DERIV (see 3.3). Flowcharts for performing
the two conversion algorithms are included (figures 7 & 8).

Note: Consider an example of the conversion from infix
to reverse Polish notation, say A + B - C. There are two equal-
ly valid reverse Polish representations'of this, A B + C - and
A BC - +. Which is used depends on whether the order of evalu-
ation of the operators of an expréssion is to be rightéto—left
or the opposite. The flowchart in fig. 7 produces the first |
form. If the second were required, operators would be pooped off
the stack if the precedence of an operator about to go into the
stack had a precedence strictly less than those at the top of
the stack. A similar duality exists in the Polish prefix rep-
resentation of algebraic expressions (see 3.3.3). Note as well
-that the precedences assigned the binary operators in fig. .7
are unique so that the case of -equal precedences only arises
when, for example,_an express1on has several terms or factors.

To convert an expression from Polish prefix to infix form
is more difficult than the reverse. In fig. 9 a recursive o
method for accomplishing this is flowcharted, since it is used
by the output routine of the differentiator.
3.2 The  SLIP Differentiation Package, DERIV.

As mentioned in 3.1, an input expression in infix'form_is

translated to Polish prefix motation and then differentiated,
whereupon the derivative may be translated back to infix nota-
tion and output.

The usefulness of Polish prefix notation is that the exp-
- ression may be scanned from the left, and depending on whether -
the nodes encountered are operands or operators, appropriate
action can easily be taken in building up & derivative. Since
‘an operator is always encountered before its two operands, the
-differentiation routine can immediately decide what differénti-
ation rule to apply, represented by a module in the routine. At
each step in the recursive routine the left and right operands
of the operator are delineated. The routine considers them as
the appropriate'rule requires. If they are to be copied to the
derivative this is done and if differentiation is required, the
operand is examined recursively to see whether it is a single
variable or a subexpression. The derlvatlve is built up linear-
ly from the left, also in Polish prefix notdtlon

The allowable operators and functions are the usual unary
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- and binary operators (+, -, X, / and exponentiation) as well as
the natural and common logarithm functions, the trigonometric i
and hyperbolic functions and all their inverse functions. Func-
tions of more than one argument are not representable in this
implementation for binary operators. To cope with the derivative
of the arcsecant amongst other discontinuous functions, the |
operator MOD, representingvthe absolute value of an operand,
included in the system, but any attempt to differentiate an ex-
pression which includes MOD results in error termination. The
system must exclude discontinuous functions where they cannot
be conveniently and consistently represented in a nofational
sense. _ v o

The expressions in DERIV are represenﬁed as symmetrical,
linear SLIP lists, each node containing either a single oper-
andvor an operator in its datum plus necessary auxiliary infor-
mation in the other_fields of each node. Sublists are used but
not in the usual SLIP sense (see Chap. 2). They are used for
representing subexpressions of an expression, an artifice for
reducing storage and time requirements in DERIV. For instance,
the expression |

A = cos® x + cost x + cos® x _
1s more economlcally renresented by computer as two expressions:
Y = cos x and A = Y2 + Y4 + Y6 '

Description lists. (see 2.3.2.5) have been used in DERIV to
keep count of which derivative of an expression is with respect.
to which variable. Expressions may be deleted by the system if
no longer accessible or by a user program if not reguired any
more. One list common to all expressions in a DERIV program was’
required to correlate the addresses and internal alphabetic
names (henceforth called tags) of all list-expressions current-
‘1y in existence in the program. Tégs are necessary because of
the need to identify subexpressions (already in existence in the
DERIV system) referenced by a new expression which is read into
DERIV as a data card. ' »

One SLIP feature not used to advantage is the reader and
sequencer. These are unnecessary since DERIV lists are always
linear and it is more convenient to use pointers in the expres-
sions. Where subexpressions are used, they should be differen-
tiated before the expression,refereﬁcing them. The tags of the
derivatives of the subexpressions then replaee references to the
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.

2

subexpressions in the derivative of the main expression wher

¢
@

necessary. Thus the need for a reader traversing & list struc-
ture and differentiating as it goes along is precluded. This
technique would be less economical time- and. storage-wise than
the method described before. Subexpressibn tags on a list are
regarded as special operand nodes. o

The public lists of SLIP are used to advantage in DERIV.
Not only are they necessary for the recursive routines of the
package, but W(100) is used as the tag-list address "collator
list", instead of the DL mechanism. W(99) is used for saving
variables in‘the recursive routines, and as a stack for tne
conversion of lists from infix to Polish notation. Thus only
" the first 98 public‘lists are available to a user program.

Higher order derivatives are eesily_obtained, as the der-
ivative function, ALGDIF (see 3.3), delivers as its value the
list-name of the derivative formed. Thus function calls may be
nested. It was necessary to restrict the routine to only one
differentiation at a time since a variable number of arguments
is net allowed in FORTRAN V. Similerly, partial differentiation
with respect to various variables is allowed, since variables
and alphabetic constants are represented internally in the same
way. For instance, if the second derivative of expression I is
required, first with respect to X and then Y, the following
function call may be used: '

DLYX:ALGDIF(ALGDIF(L,'X','DLX'),'Y','DLYX')

Since a reference to a subexpression is represented by put-
ting the tag of the subexpression in the relevant node, differ-
entiation with respect to an expression .is possible, provided
that the subexpression be defined first. The subexpression ref-
erence is represented almost exactly as are variables and con-
stants. , . ' L

In figure lO‘the layout of nodes in DERIV.is indicated in
detail. Note that the basic layout has not'changed from U-SLIP,
and only fields unused by the list processor are used by DERIV.

' The description list of an expression is pointed to by thev
address in the DL field of the list header. A DL is only created
if .ne expression is differentiated at least once. The attribute
field of a DL node contains the variable of differentiation and
the value field the address of the header of the derivative
list with respect to this variable. In this way the Whole his-
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tory of differentiation of an expression‘is known. The collator
list and DL's attached to expressions perform all the "book-
keeping" that DERIV requires.

The layouts of subexpression and datumgnodes are similar.
In the former ID is 0, CODE is 4 (denoting an alphabetic vari-
able), PREC is 0 and TAG has the tag associated with the subex~
pression referenced. SUBEX is the pointer to the header node of
the subexpression (cf. deScription'of a datum cell).

In a datum cell it is necessary to distinguish between
'operators and operands of four types: real and integer numbers,
reserved words (e.g. PI, E, and I as used for the corresponding
mathematical constants) and alphanumeric variables. The dis-
tinction is maintained by the value in the CODE field which is
0, 1, 2, 3 and 4 for operators, integers, real numbers, reser-
ved symbols and variables respectively. User constants and varie‘
ables are represented in the same way since enly the datum with
respect to which differentiation takes place is a Variable, all
the other-alphanumerie variables being treated as constants.
The PREC field is O except when CODE=0, in which case it con-
tains the precedence ordering of the operator in the relevant
datum field. Table 1 gives a list of the operators allowed in

the differentiator, their mnemonics and the precedences assign-
‘ed them. Note that exponentiation is denoted by "!" in DERIV.
The datum field contains an integer if CODE:l,‘a real number if
CODE=2 and in all other cases at most 6 fielddata characters,
representing the datum alphanumerically. If the name has feéwer
than 6 charaeters, it is left justified and the remaining char-
acters represented as blanks.

A collator list node uses only the LADRS and TAG fields,
the former field storing the pointer to the header node of the
expression identified by the tag stored in the latter field. As
explained above, this is necessary for convenient I1/0 where
expressions refer to subexpressions.

Note: In table 'l it can be seen that parentheses are treat-
ed as operators by DERIV. These'only occur in the infix lists
used for I/0. Three forms of parenthesis (round, square and
broken) are allowed for convenience.

Further discussion is delayed until the routines have been
described. '




*
(See end of section 3.2).

Operator DERIV Precedence
Mnemonic level
,0,< ( 2
')9ja> ) 1
+ +A 3
- - 4
X * 5
division / 6
exponentiation b 7
natural logarithm LN 8
common logarithm LOG 8
sine SIN . 8
cosine cos 8
tangent TAN 8
cotangent COoT 8
secant , SEC 8
cosecant ¢sc 8
arcsine ASIN 8
arccosine ACOS 8
arctangent ATAN 8
arccotangent ACOT 8
arcsecant ASEC 8
arccosecant ACSC 8
absolute value MOD 8
“hyperbolic sine SINH 8
h., cosine cosH 8
h. tangent TANH 8
h.'cotangent COTH '8
h. secant SECH 8
h. cosecant CSCH 8
inverse h. sine ASINH 8
inv. h. cosine ACOSH 8
inv. h. tangent ATANH 8
inv. h. secant ASECH 8
'inv. h. cosecant . ACSCH 8
inv. h. cotangent ACOTH 8
Table 1. The Operators Allowed in the DERIV system.
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Expression|Derivative of Expression Polish Prefix Ordering

Constant 0 ) o 0

Variable | 1 | - o

A+ 3B A' + B! | + A' B!

+ A + A : A

A-B A' - B | - 4 B

- A - A" - £ A"

A * 3B A' * B 4+ B' % A 4+ % A" B % B A

A/ B (A" *B~B' *A)./ |/ -*A4" B*B' A B2
Bt!2 | - P

Al B B*¥ A ! (B-1)* A" + Al + * B * ! A -~ B 1 At *

| ! B* LN A * B! ! AB* LN & A B'

LN A (1L / A) * A * /1 A A

LOG A LOG E * (1 / &) * A * L0G £ BE* /1 A A"

SIN A COS A * A" | * COS £ A A

COS A | - SIN 4 * A" | * -2 SIN & & A

TAN A (SEC A) t 20 % A * | SEC £ A 2 A

COT A - (CSC A) t 2 * A . £ 1 CSC £ A2 A"

SEC A SEC A * TAN A * A * SEC & A * TAN £ A A

CSC A ~ CSC A * COT A * A" - £:05C £ A *:COT & A A"

ASIN A (1/(Q=-a12)1%)*|*/1!~-11Aa2%A4r
At |

ACOS A -1/ (Q1-4a12)t3)|-&*x/1!-1142%
* A A |

ATAN A 1/ (1 + 4 2) * A */ 1+ 11! 424

ACOT A -1/ (1L +A¢t2) %4 e * /1 4+ 11 A2 A

ASEC A 1/ (MODA* (A!2-1)|*/1*MODEA ! - ! A
R | 2144

ACSC A -1/ (MODA* (A! 2 | */1*MOD&EA! — ! 4
1)t & * A 121 % A

Table 2. Differentiation Rules as Used in DERIV. (See also Téble 1)
' . *  (continued overleaf)
A & B represent expressions, A' & B' their derivatives. £ repre-
sents the null operand used to convert unary operators to binary.
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Expression

Derivative of Expression

Polish

Prefix Ordering

SINH A COSH A * A! * CGOSH & A A"
COSH A SINH A * A" * SINH & A A"
TANH A SECH A | 2 * A" * | SECH & A 2 A
COTH A - CSCH A ! 2 * A" - £ * ! CSCH & A 2 A"
SECH A - SECH A * TANH A * A' |- & * SECH & A * TANH &
| | A A |
CSCH A - CSCH A * COTH A * A! -~ & * CSCH £ A * COTH &
| | | | A A |
ASINH A 1/ (A2 +1)t 3 *Ar|* /1 4+t 42134
ACOSHA | +1/ (At 2=-1)t4* |4egx/1 1 «1421%
A A o
ATANH A | 1/ (L - At 2) * A *x /1~ 11 42 4"
ACOTH A -/ (A1 2-1)*a4 -& ¥/ 1~-1A214
ASECH A -1/ A% (1 -Al2)! |-&*/1*a1 114
| 3 * A 2 5 A | -
ACSCH A -1/ (MOD A * (L +4 ! |-&8*/1*NODELA! +
2) !V ) * A 1! A2 5 A"
Table 2. Differentiation Rules‘as Used in DERIV. (continued)

(See note on previous page).




3.3 The Routines in DERIV.
Thesé routines fall into two groups, the differentiation

routine and its ancillary’fﬁnctions; and the"routines;used for -
input/output. There are FORTRAN listings of the routines in
Appendix B. Flowcharts of some routines are also provided (see
Appendix C).
3 3.1 Differentiation.
ALGDIF(L,VAR,TAG) List I is differentiated with respect to
|  variable VAR (in Hollerith form) and the
tag TAG (also in Hollerith form) is attach-
ed to the derivative list, the name,of

which is delivered as the value of the
function. ALGDIF is discussed in greater
\ | detail in 3.3.2. -

Note: 1t is necessary in DERIV to distinguish carefully
between a list-name (express1on-name) and a tag. The former is
the name of the list in SLIP name-format (see Chap. 2) whereas
the tag is for alphabetic identification of the expression-
lists of DERIV. | |
| NDIF(NU,ND,VAR) This function is used by ALGDIF. NU con-

' tains the address of a node on the input
list, i.e. it is a pointer to such a node.
ND is a pointer to the bottom of the der-
ivative list which is being built up. VAR
is the variable of differentiation as in
ALGDIF. The latter calls NDIF when the

» operand to be differentiated at any stage
is not an express1on but of unit length.
If the operand in the datum field of NU
is VAR, a new cell is taken from AVAIL
and added to the right of the cell pointed
to by ND on the derivative list. It has
a datum 1. If the datum of NU is not VAR,

. 0 1s delivered in the datum field of the
new derivative node, unless one of two
other possibilities occurs. If the datum
is the null operand, the derivative node
‘'contains the null operand as well. If NU
contains a pointer to a subexpression
(SUBEX field non-zero) the following occurs.
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For simplicity consider the expression E,
its derivative being DE. E references sub-
~expression S which should already have been
differentiated with respect to VAR to yield:

. expression DS. Since NU (on E) points to

S, the DL of 1list S is searched for the
pointer to DS. If it is not found, a warn-
ing is printed and a datum of 0 returned
in the derivative node. Otherwise the poin-
ter to DS is compared with those of the
collator 1list in search for the tag of DS.
If it is not found on W(100) there is an
error in the system and walkback occurs.

- Otherwise the tag of DS is placed in the
new cell to the right of ND in DE and the
SUBEX field of the new cell contains a
pointer to DS. r

valﬁe: The address of the cell taken from
AVAIL for thevnew node on DE.

value: The CODE field of the cell whose
address is in A.

value: The DATUM field of the cell whose
address 1is in A.

value: The PREC field of the cell whose
address 1is in A.

A new cell to the right of the node whose
address is in A is created from AVAIL,
with N1 to N3 in its CODE, PREC and DATUMN
fields respectively. If N1 or N2 are -1,
bthese fields remain as they were in the
cell when it was taken from AVAIL.

value: Address of the new cell.

This routine, glven the address of the

. startlng node of some operand within the

list (NB), returns the address of the" last -
node in the operand (NE) and the total
number of nodes in the operand (L). The

list on which this routine is used must be

. in Polish prefix notation, where an oper-

ator always Precedes its two operands. If
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the operator. beginning at NB starts with

an operand cell, it is of unit length and
NE=NB. If the operand is .an expression the
first node of the expression must contain

- an operator. This in turn has two operands,

p0381b1y themselves expressions. HANDLE
scans from the left startlng at NB. Init-
ially it requires one operand (for the
operator whose operand is to be delineated
by the routine). Fbr every operator en-
countered, an additional operand is re-
quired. The scan continues until the num-
ber of operators encountered is 1 less
than the number of operand cells. In this
case the full operand is delineated by NB
and NE, and L contains the number of hodes
scanned. o : A

The expression of list-name LST is tested
for correct Polish prefix ordering. LST is

“scanned rightwards node by node, and at

any stage the number of Operators already
encountered must be at least one less than
the number of operand nodes, or the'ex—
pression is misformed. When all the nodes
have been scannéd, the number of operators
must be exactly one less than the numbef
of operand nodes.

value: 0 if the expression LST is syntact-

ically correct, -1 otherwise.

The operand starting at the node whose
address is in NU and whose length is L is
copied to the right of the node whose ad-
dress is in ND. Cells are taken from AVAIL

- for this purpose.
value: Address of the last cell ‘inserted to

the right of ND.

Two operands whose starting addresses are
stored in IP (an array dimensioned 2) and
whose lengths are stored in array LS (also -
dimensioned 2) are compared. If théy have
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identical content (i.e. all the DERIV
fields of corresponding nodes are idehti-
cal) and the nodes of each operand occur
in the same order and the operands are of
the same length, then the value of this

- function is 0, otherwise =1. -

IRALEX(L) This is similar to IRALST (see Chap. 2)

o except that before the list whose name is

L is restored to AVAIL, the collator list

is searched for the ﬁag of list L, which

is then removed as well. If a DL is at-

tached to L, then this is deleted as well.
value: LCNTR field of list L.

Note: Since the tag of the list is removed, this 1list cén—
not be referenced any more, as lists usually can be when re-
stored to AVAIL with a LCNTR=1l or more. Lists created for in-
put of expressions by READEX (see 3.3.3) are thus created with
an initial LCNTR of 1 to prevent erasure.by the syétem. IRALEX
should only be used when an expression can no longer be‘refér—
enced by a user program, elither directly or indirectly; as a
subexpression of any other lists. IRALEX is useful for incre-
meénting AVAIL when some large expression to be différentiated
makes heavy demands for new nodes and there is a danger of
AVAIL being exhausted. |
3.3.2 The Differentiation Function ALGDIF.
3.3,2.1 Description.

On entry into ALGDIF a list is created to hold the der-
ivative. The tag intended for this list, the third argument of

the function, is placed on the collator list together with the
header address of the derivative list, unless the tag is al-
ready on W(100), in which case the LADRS field of the node of
W(100) of which the tag is in the TAG field is overwritten with
the header address of the newly created derivative list. This
address is also~plaqéd on the DL of the list, as the value of
the attribute VAR (see 3.3.1). If no DL existed, one is created.
by the system. If VAR already occurred on the DL, the corres-
.ponding value 1is overwritten and replaced by the new header ad-
dress. The list L'input to ALGDIF is .then scahned from the left.
If the node is an operand, NDIF (seé 3.3.1) takes care of its
derivative and the process is finished since the input list
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consisted of only one node. Otherwise the routine is fully re-
cursive. For every operator encountered, one of the entry - '
points for the differentiation rules (represented by modules

in ALGDIF) is proceeded to. If an operand is in turn to be dif-
ferentiated within one of the rules, the necessary parameters
are saved by being pushed down on W(99), used as a stack. The
beginning of the routine is then recursively reéntered. Oper-
ands of single length are dealt with by NDIF. At the end of all.
the modules (including that for single operands), the then cur-
rent level of recursion is terminated and control returned to
the outer rule which had been interrupted for deeper level
differentiation. The defivative list is built up‘from the left
in Polish prefix notation, according to the differentiation
rules (see Table 2). '

3.3.2.2 Simplification.

The necessity for simplification of some form or another
is vital to any algebraic computer package.

In DERIV simplification could be introduced in two forms.
One possibility is to scan expressions before and after dif--
ferentiation to eliminate redundancies and to attempt factori-
zation. This technique has formidable advantages in éanonical
form representation and the performance of arithmetic on a der-
ivative list to shorten it. |

The second form involves various contingencies in-the
differentiation rules themselves to prevent redundant nodes .
being formed in the derivative list. The ideal apprbach would
have been to combine both forms in DERIV but since the first
approach would consume large amounts of core and time because
of the intricate programming involved, and many of the problems
have not been solved in general to date, ronly contingency sim-
plification has been introduced in ALGDIF. An added disadvan-
tage of the first type on its own is that a derivative would
grow to its full unsimplified length before the introduction of
simplification.

Zero eguivalence recognition occurs only in a residual
form for -some of the basic operators. Certainly DERIV is unable
to recognise that since sin2(x + y) + cosz(x +y) =1, its
derivative is zero. However if any of the unary functions have 
operands of single length which are not the variable of differ-
entiation, zero is immediately produced instead of the full
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expansion of the derivative rule. _

Fairly complex simplification is carried out for the bin-

ary operators. Flowcharts of this simplification are shown in
»figurés 11 through 15 below. When the operands of an operator
have at any stage in the procedure been determined, the cat-
egofy (ICAT) into which each operand falls is ascertained: 1 if
it is of unit length and its datum not the variable of differ-
entiation, 2 if it is of length 1 and this variable and ICAT=3
if the operand is an expression including further operators.
This assists in determining what action to take in the differ-
entiation modules, for instance if in the "+" rule both oper—i
ands are of category 2 and the variable is X, the output to the
derivative list is "* 2 X",

No attempt is made in DERIV to represent all expressions
in some canonical form, except at a very basic level in some
modules, as can be seen from the example above. For example thé
"-" module uses IEQOPD to determine if the two operands, both
of ‘category 3, are exactly equal, in which case time 'and storage
can be saved by the derivative beding 0. However, if the two
Operands‘are exactly equal except that they are rearranged
slightly, e.g. operands within them interchanged, the IEQOPD
test will fail and the full differentiation procedure has to
be undergone for that phase of the process.

Because the contingency simplification is not very
sophisticated, the derivatives produced remain to a large ex-
Atent unsimplified and are not always aesthetically pleasing.
Ne&ertheless it succeeds in reducing the core and time require-
ments of a DERIV program considerably. The implementation of
DERIV at UCT has fairly wide capabilities because a fast-access -
memory of 65K words is available (see 3.6 & 3.7 below).

3.3.3 Input/Output Routines in DERIV.
The purpose of such routines is to simplify matters for a

user since I/0 may be performed using infix ordered expressions.
Though the nOtation used is similar to that usually employed in
mathematics, the mnemonics for some of the allowable functions
necessarily differ from mathematical practice (see Table 1).
Furthermore, what looks like an equation or function that .is
input is in fact an assignment of the expression on the right
‘hend side of "=" to the list-tag on the left. Round, broken and
square parentheses are provided for the convenience of the user,
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though their internal representation is the same. Since sguare
brackets do not occur in the LBCDIC input code, their use lo
limited to input devices using ASCII or ‘Hollerith codes. _ 4
- Expressions to be output are also Drlnted in semi- mdtrdm
matical notation, parenthesizing of subexpressions to any deonth
being dlternately broken and round in an dttempt to simplify
readlng the expr6881ons _
_ References to subexpressions separately input are by their
tags, preceded by a dollar sign. This is applicable to input
and output. '
The I/0 routines are as follows:
PREORD(LIN,LOUT) This subroutine is used by READEX (see be-
B low) to convert an infix expression rep-
resented by list LIN to a Polish prefix

ordered one in a list LOUT created by the

routine. The algorithm has been adapted
from that shown in the flowchart of fig. 8
(see 3.1), except that instead of contigu-
ous addresses, lists are used. LIN is
first bounded at the top and bottom by
opening and closing parenthesis nodes re--
spectively and is then scanned from the
right leftwards. Operator nodes (including
closing parentheses) are‘pushed‘onto‘a
stack while operand nodes are inserted at
the top of LOUT (i.e. the prefix list is
built up from the right). Before any.oper-
ator node ‘is pushed onto the temporary
stack, W(99), any operator nodes of lower
or equal precedence (see note below) to it
at the top of W(99) are popped up and in-
serted at the front of LOUT.»nght paren-.
theses are not popped up onto LOUT and the
only way of ridding W(99) of them is by
encountering a left parenthesis. Both are
then discarded and the process continued.
.~ Termination of the process occurs when the

 outermost parenthesis pair, inserted‘inﬁo
the list, meet. LIN is not deleted angd only
the Darenthes1s nodes inserted 1n1t1ally
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at its top and bottom are removed oefore
return from the routine. '

Note: Because the precedences of operators in the algor-

ithm have been assigned uniquely except to the unary functions

(see fig. 8 and Table 1), the case of equal precedences in pop-

-ping up W(99) only arises where for instance, the input expres-

sion was }:"+:L Y 5 2 0T X =) ¥ =, Z. As stated in 3.1, there

are two possible Rolish representations for such an expression

In the case of prefix notation, the first expression above

yields either *o t] XY Z OF +, X 4, ¥ Z. Including the equality

case in popping up the stack leads to the first form and ex-

cluding it to the second form, the opposite being true in the

reverse Polish algorithm. In DERIV the first form is more con-

- venient since the routine for conversion of prefix expressions

back to infix notation (INFORD) in effect scans rigntwards

rather than lefiwards because of its recursive nature (see be-

low). If the second form of prefix representation of an expres-

sion were used, INFORD would parenthesize the infix expressions

- it produces incorrectly.

INFQ@D(iIN}LQpT)

A list LIN representing an expression in

‘Polish prefix ordering is converted to a
«1list LOUT, created in the subroutine,

which contains an infix ordered expreesion
with any necessary parenthesis nodes in-
serted. The algorithm used is that of fig~
ure 9 (see 3.1), except that lists rather
than contiguous addresses are manipulated
here. The algorithm is recursive since the
only other method of conversion was found
to be difficult to program in general.
This subroutine always inserts new nodes
on LOUT at the back, thus building up the
infix expression-from left to right. The

~algorithm also recognises when it is nec-

essary to insert parentheses around some
operand on the output list, thus avoiding
much extraneous parenthesizing. The struc-

- ture of the Polish prefix list is such that

if the current’ operator has a precedence

less than that of the outer operator of

which this operator (together with its
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operands) is an operand, parenfhesizing is
required for this operand. For example

‘consider * z + x y, prefix for z * {(x + y).

The left operand of * is z, the right oper-
and + x y. Because. * has higher precedence
than +, it is necessary in the infix ex-
pression that the right operand of * be
parenthesized. Since INFORD is recursive,

it is wasteful of storage(see 3.6).
A mathematical expression is read off the
first 78 columns of a data card. If the

expression has to be continued to a fur-

ther data card, a non-blank character
should appear in column 80. Any number of
data cards may thus be used to represent
an expression. The first 78 columns of

~each card are read into a Hollerith buf-

fer of 13 words of 6 characters each. The
buffer is then scanned character by char-
actér from'the left, until either the end
of the card is reached (in which case if

the continuation character is set another
card is read and if not the scan is fin-

ished) or the terminator character "@" is
encountered, in which case the expression

has been completely scanned and anytnlng

else on the cargd including a continuation
character is ignored. The @ was included
in READEX to eliminate the necessity of
scanning redundant blanks following the
end of an expression. If the argument IPRT
is literal 9 each card image read to rep-

resent the expression being input is

printed in the same format. If IPRT.is any-
thing else, the card images are not printed.
Variable names (including those of tags of
subexpressions referenced and that of the

.expression being input) may contain up to

6 characters, either alphabetic or numéric,'
as long as the first character is one of
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‘the'former; Variables of length more. than
6 characters are truncated to 6 and a warn-
ing message is printed.'This is valuable
in case a mistake was made by the user and
some operator omitted from the expreésion
(see 3.4)< Integers and real numbers are |
recognised dnd must have the samelsyntax
~as in FORTRAN. In other words if a number
contains a decimal point it is represenﬁed
as real, otherwise as an integer. Numbers -
- may have up to 18 characters in them.'If
this number is exceeded an error message.
results. Figure 16 shows a flowchart in-

dicating how variables are recognised. Two

‘examples of typical input expressions fol-

low:  FNX=A * X!2 + B*X +C@
T=2./(ZONE - 3.0*VAR! 2)-SINK.2*PI*gZEROD.
‘Until an "=" is encountered, a variable

(read in character by character) is regard-

ed as the tag of the list being read in.
When the "=".is read the tag is left jus-
tified and stored in a temporary variable.

The scan then continues to the right of the
"=", The delimiters of variables recognised

by READEX are the first 7 entries in Table
1 (see 3.2), as well as a blank, £ and e@.
~When a delimiter is encountered any vari-
able which has been built up in the temp-
orary variable buffer (TVB) as the scan
proceeded is.interpreted and output to a
temporary list which will eventually hold
thé infiX expression. The interpretation
phase is as.follows: |

If # had been encountered immediately be-
fore the variable, a subexpression node is
created, réferring to the list of which
the variable is a tag. If no such tag is
found on the collator list, an error ter-
mination results.vif the variable is rec-
ognised as one of the system operators, an
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operator node is added to the infix list,
preceded by a node with the nullvoperand,.
"&", if the operator is unary. If it is
recognised as a reserved constant (e.g. PI)
then the appropriate node is created. If
‘the variable is a number it is converted
to the relevant internal representation
(integer or real) and a node added to the
list. In &ll other cases an ordinary vari-
able node is created. ' _
When the variable has been added to the
infix list the delimiter is dealt with.
Parentheses are addedvto the list as oper-
“ators, operatof-delimiters result in the
creation of operator nodes and blanks
result in immediate continuation of the
scan. If an @ is encountered, the scan is
terminated and anything still in the TVB
is added to the infix list. A g results in
the setting of a switch to indicate a fol-
lowing tag, the TVB is emptied to the list
~and the following tag variable scanned.
During the scan counters total up all the
variables, operators and left and right
parentheses found. Upon termination of the
scan, there are syntactical checks that
the left and right parentheses balance one
another and that the number of operators
in the list is exactly one greater -than
the number of operands. PREORD is then
called to convert the infix list to Polish
' . prefix ordering, after which the input
list is deleted. The tag of the input ex-
pression is then compared with those al-
ready on the collator list. If it is there,
the new list's header address replaces that
in the relevant cell of W(100). Otherwise
a new node is added to W(1l00).
value: The name bf the Polish prefix list
with the input expression. ‘
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PRNTEX(L,IDEL) The expression in list L is checked for
o Polish prefix ordering using ISYNTX (sée
above) and then converted to infix order
and printed in "mathematical" notation. If
IDEL is 9, L is retained by the system,
otherwise it is deleted after conversion
to infix ordering (using INFORD). The col=-
lator list is searched for the tag cor-
responding to thé aadress of list L. If
not found, an error message 1is printed and
walkback invoked. Otherwise the tag and "=
are added as two operand nodes at the top
of the infix list. This list is then read
node by node and the datum of each node is
added to the print buffer of 21 Hollerith
~words of 6 characters each (126 print pos-
-~ itions). All unnecessary blanks in a datum.
are compressed out of”the‘print image and
extra blanks are only inserﬁed where ab-.
solutely necessary. Null operands of unary
operators are omitted from the print buf-
fer. Numbers are translated into Hollerith .
characters before insertion in the print
buffer. Nested parenthesis pairs are al-
ternately broken and round to simplify
reading the output expression. 'When the
print buffer is full, it is printed, re- -
initialised 10 blanks and the node-scan
continued. If a variable or operator is
not able to fit onto the remainder of &

" line, the line is output with blanks iﬁ'the
vacant positions at the end of the print
buffef. The datum is then inserted at the
beginning of the fresh print buffer.

3.4 Design Philosophy of DERIV.
DERIV was designed with general use in mind. Provision has

been made for extension of the system so as to differentiate
additional functions. Furthermore, extensive error checking ‘is
undertaken within DERIV to prevent input errors.

Further differentiation rules may be added to ALGDIF with
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edse, since not more than five statements in ALGDIFiand READEX
have to be changed. The operator table has been dimexnsioned to
allow 40 functions. More reserved symbols may occur in the res-
erved word table as well. This requires two changes in the pro-
gramming of the routines. Functions for more specialised pur-
poses.may be added to DERIV with ease since it 1s based on
FORTRAN and SLIP. ' '

The error checks of READEX are fairly comprehensive and
should guard against misformed expressions entering the system.
There are checks that illegal symbols are not input, that more
than one deCimal poinf does not occur in a number, that a vari-
able or number is not too long for the tempdrary variable buf-
fer, that the left and right parentheses balarice in an.expres—
sion and that operands or operators are not missing. There is
also a check that a subexpression not yet defined is not enter-
ed in an expression. ' _

It is not possible to ensure that the error messages are
always compreherisible to the user. A situation may arise where
an expression has a mistake which is detected by the system
but misinterpreted. For instance, if the user has omitted the
tag name and "=" of an input expression, the first 6 characters
will be read, after which a warning that a variable has more
than 6 characters is printed. The remainder of the expression
until the terminator is ignored. It has been attempted to make
the error messages more understandable by printing the offend-
ing variable, number, character or tag with the message. Not all
the errors lead to walkback termination of the program. This is
done only where absolutely necessary, e.g. if the expression is
misformed. Too many diagnostic messages were thought to be un-
necessary and a nuisance, so their number was kept to & mini-
mum. The walkback termination is of great use as it locates the
exact place in the program where the error occurred. This is an
. improvement on the use of a FORTRAN STOP statement which leads
to the normal termination of a program without the exact loc-
atlon of a fault. ,

Perhaps the most difficult décision which had to be made
was how much responsibility to leave to the user and how much
to DERIV. The choice of deleting expressions is left entirely
to users since they may have to cope with core shortage in at-
tempting to differentiate large expressions. However, retrieval
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of temporary lists used to store input and output infix exprés-_
sions and of nodes used by pushdown stacks is part of the SLIP
.garbage reclamation scheme. '

Storage limitations are the reason why READEX, ALGDIF and
PRNTEX were programmed separately as well. The user has control
over when he performs the various operations rather than auto-
matic I1/0 by'ALGDIF. The user also has the option of inputting
expressions in sections using the subexpression mechanism to
save storage and time. The dynamic use of storage may mean that
a program which runs out of core may execute successfully if
rearranged'slightly. The bookkeeping required to correlate list
names and expression tagé.as well as to identify derivatives of .
an expression with respect to different variables is done enti-
rely by DERIV. However, the user has the responsibility of id-
entifying expressions adequately by means of tags. If they are.
not assigned uniquely to expressions, overwriting of the col-
lator list and DL nodes may cause trouble, particularly if
complicated partial differentiation is performed.

Care also has to be taken that expressions are not delet-
ed until they are definitely no longer required by a program.
In addition, any sublists referenced by an expression should be
differentiated with respect to the variable of differentiation
before the expression itself is, otherwise the sublists are
treated as constants after a warning message has been printed.

Because more responsibility is placed in the hands of the
user than in most packages similar to DERIV, it may be more
~difficult to get a DERIV program working properly. However, it
is hoped that DERIV has been designed in a versatile enough
manner to be of considerable use. Examples of programs written
'in DERIV are illustrated in 3.6. | |
3.5 Testing and Debugging of DERIV. - '

This task was found difficult to accomplish fhoroughly
since SLIP and DERIV toge{her have about 150 different entry
points. It was desired to test all these routines one by one,

but this is virtually impossible because they use one another

constantly. In order to test SLIP, the tutorial examples giveﬁ
in (1) and (2) were used. The primitives and recursion routines
were'tested and debugged individually. Since the examples which -
were used for testing purposes covered the routines of SLIP '
most frequently used, only some of the high-level functions
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remained to be checked. This could also be done by the use of
examples, together with the LSTRCE routine and walkback. _

The reason for most errors was the conversion to a dif-
ferent node size in U-SLIP. In addition, there were a few typ-
ographical errors in the FORTRAN listings of SLIP in (1), from
which U~-SLIP was copied and modified. The grouping into sub-
routines with multiple entry points also caused some bugs wiich
were difficult to detect.

Ensuring that DERIV was error-free was more compiicated.
Large amounts of testing were required to discover programming
errors and incorrect logic in ALGDIF and the I/0 functions. The
modular nature of the routines assisted considerably in their
debugging since each module of the routines has a specific task.
Walkback and the DERIV error messages (even while the routines
‘were still logically incorrect) were helpful too. The assemb-
ler trace (37) was useful on occasion. ,

In order to test all aspects of the differentiation rules
and simplification procedures, a large number of eXpreSsions
were differentiated'using the program shown in 3.6 (example 1).
Their execution times and core usage were also noted.

3.6 The Capabilities of DERIV.
3.6.1 Examples and Estimates of Their Efficiency.

The examples mentioned below are listed, together with
the printouts obtained, in Appendix D.

Example 1 was used for extensive checking of the differen-
" tiation rules in ALGDIF, as well as to obtain a rough estimate
of execution times in DERIV. A total number of 122 expressions
were differentiated for testing purposes. They were mostly very
short and simple, their aim being to illustrate the correct
working of the rules and any simplification performed. The
total execution time was 66.79 seconds. Hence the average time
per expression was 0.55 seconds. A realistic estimate of core
and time requirements is difficult to make as their usage is
completely dependent not only on the length of an expression.v
but on its form. Roughly, using Ex. 1, it was found that the
maximum number of nodes needed for an expression varied from
2% to 5 times its length. |

Example 2 illustrates how an expression may be differen-
tiated with respect to a subexpression, rather than a variable.

The purpose of Example 3 is to.indicate how core and time
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nmay be saved by breeking up a large expression into subexpres-
sions; The input expression is thét which was differentiated by
Hanson et al. ( (10), p.355). The DERIV output does not resemble
that of (10) because of a typographical error in that article.
The order of outputting factors and their derivatives when mul-
tiplied together 1is reversed as well, but careful checking -
established the eguivalence of the derivatives. Unfortunately
(10) does not give an estimate of the time and core used by the
derivative. In Table 3 examples 3(a) to 3(c) are compared. From
there, it is seen that dramatic decreases in core and time re-
guirements occur when an expression is broken up into subex-
pressions. This is obtained without much increase in thé com-
plexity of the program. An additional advantage is that the ex-
' pression is more readable and very likely of more significance
when broken up-in this way. Exs 3(b) and 3(c) are similar and
while they take the same execution time, the former uses con-
siderably less storage as the print routine is called at the
end of the program for all the expressions and they are deleted
immediately after they are printed. In Ex. 3(c) each subexpres-
sion is printed as soon as it has been differentiated‘and thus
has still to be retained since it is required as a subexpres—
sion of the last expression input. Although (c) is slightly
more éonvenient to program, (b) is certainly more efficient.

Example 4 was included to illustrate the partial differen-
tiation capabilities of DERIV. It has been programmed in two
ways in order to show that a big saving in core requirements is
possible if expressions not -needed any more by the program are
deleted as soon as possible (see Table 4 and Appendix D).

The program shown in Ex. 5 was written to solve a problem
encountered by E. Cairncross in the Chemical Engineering |
Department at UCT (see also (39) ). In order to obtain an ex-.
pression for the velocity at any point in a fluid agitated by
a flat disc spinning about its axis, the stream function has to
be differentiated with respect tc the two coordinates in the
plane being considered. The stream function for this préblem,
2&, is a function of the orthogonal oblate spheroidal coordi-
nates,ffznulq. It was differentiated by hand but the velocities
obtained did not vanish a long distance from the disc. Since a
mistake in the differentiation was suspected, DERIV was used to




Exercise: | 3(a) 3(b) 5(c)

Average BExecution Time (secs) - 34.52 9.08 9.08
Max. Core Used by AVAIL (words) 6822 1022 1686
‘Total Core Requirements (words) 29494 | 24524 24516

Table 3. Compariéon of Three Different Approaches to Example'B.

Exercise: 4(a) 4(b) -

Average Execution Time (secs) 10.33 9.83
Max. Core Used by AVAIL (words) 2385 1521
Total Core Requirements (words) 24546 | 24547

Table 4, Cbmparison Qf Two Methods of Programming_Example 4.
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differentiate the function automatically. The stream function
was broken up into 1% subexpressions ‘'since this was how the
problem was presented. The derivative was obtained in 3% sec-
‘onds. The maximum number of words of AVAIL used was 4482. If

the expression had not been broken up but had been assembled

by hand from all the functions specified in (39), it is cer- .
tain that the maximum of 14K nodes possible in AVAIL (see 3.6.2)
would'have been insufficient. Even assuming there were enough
'storage available, it is unlikely that the solution would have
been intelligible. '

3.6.2 Inefficiencies in Core and Time Utlllzatlon

. As illustrated in Ex. 1 of 3.6.1, for a simple DERIV

program to read in an expre551on,vdlfferentldte it and print

the derivative, a rough estimate of the core requirements for
the program and subroutines is 22K, omitting the list of avail-
able space.-Assuming that this leaves 42K words for AVAIL (core
capacity on the 1106 is 65K), 14K nodes are available. This very.
likely means that for a sﬁccessful run the length of a large
derivative should not exceed 4K nodes in length, if the input
-expression is deleted before the derivative 1is prlnted ‘Break-
ing up an expres51on into sublists has the effect of redu01ng
storage requirements about five-fold. The only alsadvantage is
that it has to be done manually before input to DERIV.

' One way of reducing heavy storage needs is to change
_ALGDIF so as to be nonrecursive. In this case, an expression
would probably reguire little more storage than its own length
in the differentiation process. However, the programming com-
plexity would have increased greatly, especially with the use
of & list processor. An approach such as that described in (15)
may Jjust as well have been used then, precluding the use of a
~list processor. The simplification techniques introduced in
ALGDIF may also be a mixed blessing since they require the
temporary storage of several parameters at each recursive entry
into the program. The modules in ALGDIF have been‘writteh in
such. a way as to delay the necessity of saving parameters as
much as possible. EVery possibility is explored to avoid such
waste of storage by examining the operands at each Stage in the
recursion carefully. Storage is also needed by the pushdoWn
stack of return addresses. '

If INFORD had been prcgrammed non—recu:sively, the storage
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reguirements of the output routine would -have been considerably
reduced. If an algorithm which 1is not difficult to program is
found to convert prefix to infix ordering in a non-recursive
manner , this routine may be rewritten. A lot of nodes should
then be saved for use by expressions rather than as temporary
storage.

Another possibility for increasing core capacity if it is
~critical is to rearrange the grouping into subroutines of the
SLIP "library", which presently occupies about 19K. If this can
be effected in such a way that some of the subroutines are
omitted from an executable program} as many as a thousand more
nodes will be available for use by DERIV. This task is difficult
since no entry point within a grouping of functions may call
another in the same group. Furthermore, most of the routines of
SLIP are used in some way or another within DERIV.

' A third way of.lowering core requirements is if the size
of a U-SLIP node can be reduced to two words. This is impos-
-sible at present. If DERIV had been based on a list processor
such as LISP 1.5 (38), it is possible that core requirements
would have been 1Q§s. However, LISP functions are difficult to .
debug and the dynamic storage reirieval in that language is
completely out of the hands of the user, whereas SLIP gives a
programmer more alternatives in handling heavy core usage.

Time-wise SLiP is a relatively slow list processor. At-
tempts have been made to cut down on this time waste in DERIV.
However, the modular nature of the routines, simplifying their
debugging, has not been sacrificed. Where possible, extra sub-
routines have been avoided and the necessary coding'inserted
directly in the routines, but the desirability of extra routines
in order to avoid duplication of coding and to enhance the sim-
~plicity of the routines had to be taken into account.

SLIP has some advantageous features. Since lists are sym-
- metric, their deletion is fast and independent of their length.
The dynamic storage retrieval scheme of SLIP has advantages
over LISP garbage collection. Whereas the latter occurs at reg-
ular intervals, SLIP garbage retrieval only takes place When_
absolutely necessary. _

Searching is a factor which increases execution times in
DERIV. There are frequent searches in both READEX and ALGDIF
(e.z. to identify operators). Although this is unavoidable,




(68)

these tables have been arranged in such a way that operators
4occurring more frequently in common algebraic expressions are
placed before others in the operator table. This is difficult
to assess, but +;*—, *, and ! appear first in the table. An ex-
ample of the searching necessary: if there is a variable in’thé
temporary variable buffer of READEX, it has to be checked a-
gainst the entire operator and reserved word tables before it
is recognised as an ordinary variable. Furthermore; every sym-
bol read in is checked against a set of symbols not allowed in
DERIV. This is necesséry in case an input expression has been
mispunched. ' - '

The sublist mechanism reduces the time taken for a DERIV
program, as may be seen in Ex. 3 (see 3.6.1). The execution
-time in that example was reduced by a factor of four when the
expression to be differentiated was divided intb subexpressions.

Although DERIV has inefficiencies and is unsophisficated
in the gimplification introduced, it is hoped that it will be
of use in practice. Since it is based on FORTRAN, it is easy

to imprové,-and if the demand at UCT for analytical differen-
tiation by’ computer increases, such eXtensions and improvements
as aré necessary may be implemented. - |




(1)

BIBLIOGRAPHY .

WeiZenbaum, J. Symmetric List Processor. CommilACM é, 9
(1963%), p.524. o | S
Smith, D. K. An Introduction to the List-Processing Lang-

.~ uage, SLIP._In "Programming Systems and Languages", ed. S.

(3)

(4)

Rosen. llcGraw-Hill (1967), p.393.
Duquet, R. T. The 1108 3LIP Package. UNIVAC buoportea
UPLI Reference No. 800085 (June, 1967)

Ball, W. E. & Bérns, R. I. AUTOMAST - Automatic Mathémat—v
~ ical Analysis and Symbolic Translation. Presented at the

. SICSAM Symposium, Washington D.C. (March, 1966).

(5)
(6)

(7)

(9)
(10)

(11)
(13)
(14)
(15)
(16)

(17)

Gotlieb, C. C. & Novak, R. J. ALGEM - An Algebraic Manip-

ﬁlator. Presented at SICSAlM Symposium (1966).

Lapidus, A. & Goldstein, M. Some Experiments in Algebraic
Manipulation by Computer.'Comml ACHM 8, 8 (1965),'pﬁ501.’
Weizenbaum J. ELIZA ~ A Computer Program for.the Study of
Natural Language Communication between Man and Mdchlne

~Comm. ACM 9, 1 (1966), p.36.
(8) .

Nolan, J. F. Analytical Differentiation on a Dl”ltdl Com~
puter. M.A. Thesis. MIT (May, 195%).

.Kahrimanian, H. G. Analytical Differentiation by a Digital
- Computer. M.A. Thesis. Temple Univ. (May, 1953).

Hanson, J. W. et al. Analytical Differentiation by Computer.
Comm. ACM 5, 6 (1962), p.349. S
Slagle, J. R. A Heuristic Program thaet Solves Symbolic
Integration Problems in Freshman Calculus: SAINT. Report
5 G - 0001. MIT Llncoln Laooratory (1961). _ v
Hearn, A. C. REDUCE 2: A System and Language for Algebfaic
Menipulation. Proc. 2nd SICSAM Symposium. ACM, New York.
(1971), p.128. . |
Schorr, H. Analytical Differentiation Using a Syntax-Dir-
ected Compiler. Computer J. 7, 4 (1965), p. 290. "

Smith, P. J. Symbolic Derivaiives without List-Processing,
Subroutines or Recursion. Comm. ACM 8, 8 (1965), p.494.
Wengert, R. R. A Slmp¢e Automatic Derivative Evaluatlon
Program. Comm. ACM 7, 8 (1964), p.463. ,
Wilkins, R. D. Investigation of a New Analytical Method for

{ o\




(18)

(19)

(20)

(21)

(22) -

(23)

(23a)

(23Db)
(24)
(25)
(26)

(27)

(28)
(29)

(30)

(31)

(32)

(33)

(70)
Derivative lLvaluation. Comm. ACM 7, 8 (1964), p.465.
Semmet, J. E. & Bond, E. R. Introduction to FORMAC. IEER
Trans. Electron. Comput. EC-13, 4 (1964), p.386. ,
Tobey, R. G. et al. Automa%ic Simplification in FORMAC.
Proc. AFIPS FJCC 27, part 1 (1965), p.37. -
- . FORMAC (Operating and Users Preliminary Reference
Manual). IBM Program Inform. Dept. No. 7090 R2IBM 00Ll6.
Hawthorne, NY, (1965).
Engelman, C. MATHLAB: A Program for On-Line Assistance in
Symbolic Computations. The MITRE Corp. MTP-18 (1965);
D'Inverno, R. A. ALAM - Atlas LISP Algebraic Manipulator.
Computer J. 12, 2 (1969), p. 124.
Barton, D. et al. An Algebra System. Computer J. 13, 1
(1970), p.32.
Hearn, A, C. Computation of Algebraic Properties of Ele-

mentary Particle Reactions using a Digital Computer.

Comm. ACM 9, 8 (1966), p.573.
Hearn, A. C. Applications of Symbol Manlpulatlon in Theor~ .
etical Physics. Comm. ACM 14, 8 (1971), p.511.

Moses, J. Algebraic. Simplification: A Guide for the Per-
plexed. Comm. ACM 14, 8 (1971), p.527.

‘Hall, A. D. The ALTRAN System for Rational Function

Menipulation - A Survey. Comm. ACM 14, 8 (1971), p.517.
Collins, G. E. PM -~ A System for Polynomlal manlpulatlon
Comm. ACM 9, 8 (1966), p.578. ‘ , ,
Collins, G. E. & Griesmer, J. H. COmparlson of Computing
Times in Several Algebraic Manipulation Systems. IBM
Watson Research Centre. Yorktown Heights, NY. No._641;
Johnson, 5. C. On the Problem of Recognising Zero. J. ACM
18, 4 (1971), p.559. ’ .
Caviness, B. F. On Canonical Forms and Simplification.

J. ACK 17, 2 (1970), p.385.

Collins, G. E. Polynomial Remainder Sequences and Deter—
minants. IBM Watson Research Centre. Yorktown Heights,
NY. Research Report No. RC-1209 (1964). -
Collins, G. E. Subresultants and Reduced Polynomial Rem-
ainder Sequences. J. ACM 14, 1 (1967), p.128.

Brown, w. S. On Euclid's Algorithm and the Computation

of Polynomial Greatest Common Divisors. J. ACH 18, 4 (1971)
p.478. ' _ -

Brown, W. S. & Traub, J. F. On Euclid's Algorithm and the




(34)

(35)-

(36)

- (37)

(38)

(39)

(71)

Theory of Subresultants. J. ACM 18, 4 (1971}, p.505.
Martin, ¥W. A. Determining the Lquivalence of Algebraic
Expressions by Hash Coding. 'J. ACM 18, 4 (1971), p.549.
Wegner, P. Programming Languages, Information Struciutes
and Machine. Organisation. McGraw—Hill‘(l968).

- . UNIVAC 1100 Series FORTRAN V Programmer'é Reference
Menual, UP-4060 Rev. 2 (1971). |
— « UNIVAC 1100 Series EXEC II and EXEC 8 ASSEMBLER
Programmer's Reference Manual. UP-4040 Rev. 3 (1971).
McCarthy, J. LISP 1.5 Programmer's Manual. MIT Press.

Cambridge, Mass. (Dec., 1969).

Waters, N. B. & King, M. J. The Steady Flow of an
Elastico-Viscous Liquid Induced by a Rotating Spheroid.
Quart. J. Mechanics & Appl. Maths XXIV, 3 (1971), p.331.




APPENDIX & -

 SLIP: FORTRAN AND ASSEMBLER LISTINGS
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FURCTION FMA(UUM”Y)
WL TukH

E6TRY B0T(K)

C ORTALN CONTLHNTS OF wGT10# NODE 0OF LIST X
FiNA= CUNT(INrL(CONI(LhKH(LUCI(n)))§+7)
RETUR

ENTRY POPBOT(K)

C KEMOVE nOoTTOM MODE OF LIST K & <ETURHI ITS DATUN
O OFHASPELETE (LML ICONT (LNKR(LOCTLK)I I '

RETURN ‘
C-_ﬂz----'--—bb-l_Hﬁﬁﬂﬂhﬁlh-ﬁ—-——-o—’-‘——h———-‘————-n—-—-s-‘—-‘-»# ________________ - e e wm wn e - .

CNTRY POPTOP(K) '
C KEMOVE TOP NODE OF LIST K & RETURN ITS DATUM

FHA=DELETE(LNKR(CONT (LNKR(LGCT(K Y}

RETURH -

ENTRY REED(K):
€ KETURN DATUM OF MODE THAT READER K 1S CURRENTLY POINTING TO
¢ ADDRESS OF NODE HWFELU JN LMKL FIELD OF WORD 1 OF READER NOOFK
FivA "CONT(LFKL(COnT(K))+2)
RETURN

EMTRY SERLL{ZK) ,
C 2 1S A SEQUENCER APPOINTED FOR A LIST & K A FLAG
C MOVE TO NODE To LEFT OF THAT POINTED TO BY 2
L=LNKL{Z) ' '
T ADJUST 72 TU POINMT TO NEHX NODE
Z2=CONT (L)
C  RETURN COMTENTS OF NEW CELL TRAVERSED
T FHA  =COUNT(L+2)
¢  SET VALUE OF FLAG K
K=1D(L) =}
RECTURN

ENTRY SEQLR(ZyK) -\
¢ COMMENTS AS FOR SERLL ABOYE EXCEPT THAT TRAVERSAL [S TO THE RIGHT
L=LiKR{7)
Z=COnT(L)
FNA =SCONT(L+2)
K=ID(l)y =1
RETURN

, ENTRY SEQRDR(K)
C APPOINT A SEQUFNCER FOR LIST X
C VALUE 1S THE NAME OF X
FHA=CONT{LNER(LOCT(K)))
RETURI

EGTRY SEQSLIZ KD .
C 7 1S A SEOQUENCER APFOINTED FOR A LIST & K A FLAG
C 1S NODE OM LEFT OF THAT POINTED TO BY 7 A SUBLIST NODE?
IFCIDILNKL(Z)Y) JNELLY GO TO 14 ' '
C WOVE TO 30TTOM OF SULLIST REFEREKCED BY LIST NODE
13 L=LNKL(CONT(LNKL(CONT(LNKL(Z)+2))))
G0 TO 18




(A2)

C  nnwE " TO NODE Ot LEFT OF THAT POInTED TO &Y 7
' L4 L=t HEL{7) _
C IS WODE FNCULITESRED A POIMTEP TO A SURLIST?
IS5 IFOIN(LY FERL1) Gu TO 14 _
C  VALUE 1S COUTENTS OF DATUM CELL FINALLY FNCOUNTERED
FA  =CONT(L+2) : . :
C WE VALUE OF SEQUENCER Z TO0 #E RETURMED
Z=CONT (L} : . '
C VORK QUT VALUE OF FLAG K TO 8E RETURNED
K=sID (L) =1
KETHRN
164 72=CONT (L) A . _
€ MOVE STILL DEEPEK IWTO LIST STRUCTURE IN SEARCH OF A DATUM CELL
GO TOo 13 '

EnTRY SEQSR{Z4+K) : S
C COMHENTS AS FOR SERSL AzUVE EXCEPT THAT TRAVERSAL IS TO THE RIGHT
IFCIN(LNKK(Z) )Y NELL) GO TO 1§ ' : S
17 L= LMLF(CONT(!NKR(CONT(LNKR(Z)+?))))
GO TU 19
18 L=LNKR(Z) ‘
19 IF(ID(L)LEG,1) GO TO 20
CFNA =CONT(L+2)
Z=CONT (L)
K=1h(L)=1
RETHRN
20 Z=CoMNT (L)
GO T 17

ENTRY SUBST{K.N)
C LBEACK IS POINMTER TO NODt WEFORE N
LBACK=LNKL(CORT (W)
C DELETE WODE N
FilA =DELETE (v}
- C INSERT NEW HRODE IN ITS PLACE WITH DATUR K
TOUM=mNXTRGT(K,LBACK)
RETUHW

ENTRY TOP(K) ' .
C CHECK THAT‘K IS A LIST. THEN ORTAIN CONTENTS OF ITS T0P NODE

FMNA= CONT(LN&R(CGNT(LNKR(LUCT(K))))+2)

RETURN

END




(A3)

FUMCTIGCN FHRER(DIMEY )
CUriatdlt /5L TR/ FLLUL) S AVSL
INTLGER Fig i

KETU

EaTRY [MITRD(K) '
C INTTIALTIGE READERK KoBEY HMAKTNG IT POINT TO CURRENMT LLISTS
C  HEADER HELD IN LHKL FIFLD OF 10RD. 3 0OF g
' CALL SETIND =1 LNEKLIK+2) y=1 4K}
Fig =K
RETURN

FRTRY THLSTLLE, M) v :
C IMSERT LIST M AFTER HODE N TO ITS LEFT
C CHECK THAT 11 EXISTS
: L=LOCT (M)
C TaP % BOTTON MODFS OF LIST i
' ITOP=LNKR(COMT (L))
[3UT=LNKL(COMT (L))
F o8 =L _
REINITIALISE HEADER OF M SO THAT IT APPEARS TO GE EHPTY
CALL SETIMD(=1sLsLsyL) : ’ o .
C POINTER TO NODE BELUY N REFORE NEW NODES INSERTED
IPRE=LHKR{CONT (H)) '
C LINK NODE N TO HOTTOM OF OLD LIST M
CALL SETIND(=1,160T =], i)
C LINK TOP OF OLO LIST M TO MODE BELO9 N AS #AS BEFORE
CALL SETINMD(=1,=1,1TOP,1#RE) ‘
C. COMPLETE LINKAGES IN OPPOSITE DIRECTION
CALL SETIND(=1,IPRE,=1,1TOP) -
CALL SETIND(=1l.+=1,N,I150T)
RETURN

8]

EMTRY INLSTR(M,N) . : . E
C AS INLSTL ABOVE EXCEPT THAT LIST M INSERTED 3ELOY NODE N

L=LOCT (M) : ‘ :

ITOP=LNKR(CONT (L))

I30T=LNKL{CONT (L))

FNR =L

CALL SETIMD(=1l,LsL L)

ISUC=LMKR(CONT (1))

CALL SETIMD(=1,=14ITOF,N)

CALL SETIND(=1,1B0T.=-1,1SUC)

CALL SETINDI=1,Ny=1,1T0P)

CALL SETLHD(=1,=1,15UC,130T)

RETURN :

ENTRY LCNTR(K)

€ ACCES5S LCNTK FIELD OF KEADER K
FMB=LMKR(CONT (LNKR{K+2)))
RETURN

ENTRY LISTHT(K)
C CHECK THAT LIST K EXISTS
L=LOGCT(K)
C LHUKL OF LIST HEADFR = LNKR? _
TFCINHALT (LMER (L) ) o NEGINHALT (LNKR(CONT(LNKR(L))))) GG TO 2
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C Lugbl=LNrR Tiv LIST HEANDEKR HENCE 1LIST EHMDPTY

N =1
RETUOY ' : . !
C LIST NOT Evpyy '
D2OF B =]
RETUNM

, EHTRY LOFRDR(K)
C  HETURN I NAUE FORMAT THE NANE OF LIST CURRENTLY BEICG
C TRACED nY READER ¥
C OnRTAIM LOFRDHE FIELD. OF REAPER

L=LMYL(CONTIR+2))
C  POT LIST MAKE OvTALNED 11 NANFE FORMAT

CALL SETDIR(=-1.LsLysL)

Fily =L

CRETURH

ENTRY LPNTR(K) : .
C HETURN LPNTK FIELD OF READER K - ADDRESS OF CELL POINTED TGO
C CURWENTLY 8BY THE RFADER

FUR=ULMNKL(CONT(LMNAR(K)))

RETURN

EUTRY LSTHRK (K )
¢ O4TALIN THE NARK OF LIST K

Fun =LOCT (k)
DUBY=GETHURK(LNKR({K))
RETUicw
T T T T T e e e e e e e e e e e e e STeSmmeese-

EHTRY LSTRRO(M,N) , ¢
C N IS A KEADER. # A DATUM wHICH IS A LIST NAME
NEXT=M
C IS LOFRDR OF READER CELL A LIST NAME®
3 TFALNKLIMEXT+2)EQLNKRIM)I)Y GG TO 4
C CONSIDER NMEXT LOWER CELL OF READFR STACK
NEXT=LNKR(NEXT)
C HAYE REACHED BOTTOM OF READER STACK YET?
IFENEXTWNELO) GO TO 3 : 4 '
C HAVE REACHED ROTTOM OF READER STACK ©/ITHOUT A REFERENCE TO M
F My == ” : ‘ '
RETIRN :
HAVE FOUND A REFERENCE IN READER STACK TO LIST M, I.E.
"C READER HAS TRAVERSED THROUGH THAT LIST TO CET To HERE
4 FIB =0
RETURN

a]

ENTRY LVLRVTI(K)
C ¥ IS THE READER OF A LIST
FNB =K ‘ '
C IF LWNKR OF READER CELL ZERO, ARE AT BOTTOM OF READER STACKX AND
C HENCE It MAIN LIST $SG RETURN .
& IF(LMKRICONT(FNB+2)).EN.0) RETURN
C HOVE DOvMN READER STACK
‘ L=LNKR(COMNT{FNR 1)
€ PUP UP THE READER STACK
DUMY=STRIMND (COMT(L) sFNE )
DUMY=STRIND(CONTIL+2),FNR +2)




(@]

\AD)

CALL RCELL (L)
CouTIMuE DELETING THE READER CELLS
G TO S ‘

'S

EHTRY LVLRV1I{K)
K IS THi REAUER OF A LIST
Filb =K ' _
TF AT BOTTOM OF READER STACK CANMOT REVERSE $ACK A LEVEL IM THE LI§7
STRUCTURE AS ALREADY IN MAIN LIST 8 HENCE RETURM : ' ' :
JFOLNKROCUNT(FNR+2)) JER.U) RETURH '
NOVE DOvM READER STACK
L=LNYR(CONT{FNE 1)
POP UP TiHF READER STACK
DUMY=STRIND(COHTI(L) FHR - )
DUMY=STRIND(CONT(L+2),FNG +2)
CALL RCELL(L)
RETUSN

ENTRY MADATR(ATIWLST)
OBTAIN THE 0L FIELD OF LIST LST
LSTDES=LNKL (CONT(LMEKL(LST)+27))
DOES LIST LST HAVE A DL? IF NOT OL FIELD OF HEADER IS5 7EKO
[F(LSTNES.EQ,.D) GO TO 7 '
FPROCEED TO TGP OF 9L
Fun =LNKR(CONT(LSTDES) )
IS LKL POSITIVE? THEN ARE AT HEADER OF DL AGAIN.
6 IF{CONT{FNR ).GELO) GO TO 7 ‘
IF ATTRIBUTE OF NODE CURKENTLY GEING INSPECTED = AT, RETURN
MACHINE ADDRESS OF THIS NODE ' :
*  IFCINHALT(FMRB +1) EQ,INTGER(ATY) RETURN
CONTINUE SCAN OF DL HODES ' :
: FHB =LLNKR(CONT (FNB 1)
GO TN 4 ' : '
MO DL ATTACHED TO LST
7 FHR ==
RETURN
ENTRY MAOLFT(K)
VALUE I5 ADDKESS OF NODE TO LEFT OF X
FMB=LWNKL (CONT (LNKE(K)))
1S NODE A HEADER?
IF(ID(FNG ) «MEL.2) RETURN
LF- NUDE A HEADER RETURN LIST NAME IN NAME FORMAT
‘ CALL SETDIR(=1,FNU,FNB,FNBE) :
RETURN
EWMTRY MADMBT (K ¢N)
CHECK THAT LIST K EXISTS
L=LOCT(K)
FIND N=TH NOPDE FROM ROTTOM OF K
DO B I=1.H '
3 L=LMKL(CONT (L))
IF NODE NOT A HEADER RETURN MACHINE ADDRESS
IF(ID(L)LNEL2) GO TO 9
IF NODE A HEADER RETURN LIST NAME
CALL SETDIR(=1.LyL,L) : :
RETURN ADDRESS OF NODE L IF ABOVE INSTRUCTION SKIPPED
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ENTRY MADNTPR (K,
AS MADMAT AWOVE JUT 4 AMT N-=TH NCGDE FROM TOP OF LIST x
L=LNCT(K) ' :
PO L0 I=1,N
P L=LMER{CUNT (L))
IFCTOLLYJNEL2Y GO TO (1]
CALL SETHIR (=~} ol_.oLrL)
11 FHB =l
RETH !

ENTRY MAUNRGT (K) _ :
AS HADLET AvOVE BUT RENUIRE MACHINE ADDRESS 0OF NODE T6 RIGHT OF K
FNR=LNKR(COMT(LMKR(K))) A
IFCIDIFNE ) oNEL2) RETURN
CALL SETDIR(=1.FME,FNIB,FNR)
RETURT

EMTRY MRKLST(M,N)

SET “ARK OF LIST N TO ™
Faiid =LOCT(N)
DUMY=PUTHMRK (M LHEKR(HNY))
kTR

ENTRY MTLIST(K)
EMPTY ALL NODES OF LIST K TO AVAIL EXCEPT LIST HEADER

CHECK THAT KX EXISTS -

L=LOCT (K] _
15 THE LIST K FMPTY ALREADY?
[FCTNHALTOK) oEQ  ITHHALT(LNKR(CONT(K)))) GO TO 12
LIST NOT ENOPTY. LR 8 LL POINT TO FIRST & LAST OF CELLS TCO BE REMOVED
LR=ELHKRICONT (L))
LL=LNKLICONT L))
(TAKE HEADER NODE POINT TO ITSELF
CALL SETIHD({=1sLai,L) . '
ADJUST AVSL (QUASINAME OF AVAIL) SO IT INCLUDES CELLS BEING RETURNED
TO AVAIL 8 LINK IN THE CELLS TO AVAIL : -
CALL SETIMD(=1l,=1,LRyLNKL{AVSL))
CALL SETDIR(=1,LLs=14,AYSL)
CALL SETIND(~1+=]1+0sLNKL(AYSL))
RETURN LIST NAHE
12 FNB=L
RETURM

EHTRY NAMEDL (K) _ , C
ACCESS CONTENTS OF DL FIELD OF HEADER OF LIST K

FNB =LNKL(LOCT(K)+2)

RETURN

END
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FUNCTION FRC{OHMMY) ‘
C THE # KWOUTINES FUththu USEDL BY THE ADVAMNCE ROLTINIS LISTED BEL QW
nLTUHH '

EUTRY ADVLLILR.JsK) : _ .
C LR A READFR, J & K THE ALTERNATIVE 10D'S Q3JECTIVE NODE MAY HAVE
¢ CLR IS ADDRESS OF TOP NODF OF READER STACK
CLR=COMT(LR)
C LK 15 ADDRESS OF rFLL TO LEFT OF THAT READER 1S CURFENTLY
C POIWNTING TO ’
I LK=LNKL(CONT(LMKL(CLR)))
CAND=REALNO{LK)
C ADJUST CLR TO POINT TO LK
CALL SETUIP(=!,LK,=~1,CLR)
C 1% LX THE HEADER MODE OF THE LIST?
: CIF(IG(CAND) L EQR.2) GO TO 3
C 1S 10 OF LK 1=ST ALTERNATIVE REQUIRED?
. IFCIP(CAND)EQ.JY GO TO 2 .
C IS 10 OF LK 2=ND ALTERNATIVE REQUIRED. IF NOT COMTIMUE SCAN
IF(IR(CAND) ,NELK} GO TO 1 '
C  HAVE FOUND OBJECTIVE NOGE
2 FNC =0,0
GU TO 4 :
C TEST HAS FAILED AS ENCOUNTERED HEADER OF LIST BEFORE FIMDING
C OURJECTIVE NODE ' : :
3 FNC ==1.0
C ADJUST TOP CELL OF READER TO POINT TO CELL FOUND
4 DUMY=STRIND(CLR,LR)
RETURN

. ENTRY ADVLR{LRyJsK) : .
C COMMENTS AS FOR ADVLL ABOVE BUT READER TRAVERSES DOWUN LIST HERE
CLR=CONT (LR) : :

5 LK=LMKR(CONTILNKL (CLR))) - :
CAND=REALNO (LK) IR !
CALL SETDIR(=1,LKs=1+CLR) o '
IF(ID(CAND) .EQ.2) GO TO 7
TFIIN(CAND) EQ.J) GO TN 6
IFLIDICAND) JNE,K) GO TO S

& FNC  =0.0
GU TO &

7 FHC ==1.0 _

HoDUMY=STRIND(CLRLR)

RETUKE

ENTRY ADVSL (LUK
C L IS A READERs J & K ALTERNATIVE TYPFS OF OBJECTIVE NODE

“C TO SEARCH FOR - N
C R HAS ADPDRESS GF TOP NODE OF READER STACK ’
R=CONTI(L)

C CAND IS ANDDKESS OF NODE THAT READER CURRENTLY POINTING TO
CAND=RFALNO (LNKL(K)) ' =
¢ 1S THIS CFLL A SUBLIST NODE?
IFCINICAND) JEQLL) GO TO 10
C EXAMINE MEXT MODE TO THE LEFT ON LIST
9 LCP=LNKL{CONT{CAND))
C PUT THIS 'NODE ADDRESS INTO LNKL FIELL OF R SO R FORHuTTED
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AS mORD '} OF TOP CELL OF READER STACK
CALL SETUIR(-1,LCP,~1,R)
CAMU=FALNOILCP) :
IS THE NE* CELL THE LIST'S 1HEADCR?
_ IFCIDCCANDY JENR.2Y. GO T0 11
IS NE% CELL ONE OF ALTERNATIVE DLJECTIVE CELLS 9EING
SQUGHT? : . ’ :
IFCCIDCCAND) GEQ.UY L ORVIIDICAND) JENLKY) GO TO 13
IS NE® CHLL A SUBLIST NODE? IF NOT COHTINUE LEFT SChkN
IFCID(CANDR)Y JHEL1) GO 10 9 _
CELL FXAMINED *AS A SURLIST NODE. TAKE NEW CELL FRON AYAIL
LO M=NUCELL(DUNY)
PUSH CELL ON TOP OF READER STACK wITil COHNTENTS NF ARDRES
21N WORD 1 OF THE CELL
DUMY=STRIND(R,M) o
HORDS 2 & 3 OF urn READER CELL COPIED FROM OLD ‘CELL
DUMY=STRIND(COMTIL+1),11+1) -
DUMYSSTRIMD{CONT(L+2) 44+2) ,
JLD TOP OF READER STACK HAS LCHNTR INCREASED 4 LOFROR NO.
FPOINTS TO HEADER OF SUBLIST ENTERED
CALL SCTIND(—I'IMHALT(LC”+?).LCNTR(L)+loL+2)
ADJUST R TO POINT T3 HEW TOP 0OF READER STACK
caLL SFTUIR(-I.-I,M.R)
CAND 1S NAME OF SUBLIST TO BE ENTERED SO POINTS TO HFADER oF SUXLIST
. CAND=COMTI(LNKLI(R)+2)
CONTINUE SCAN OF MODES
GO YO 9 ' - :
HAVE REACHED HEADER OF LIST BEING TRAVERSED.IS [T MAIN LIST?2
Il IF{LCNTR(L)..NE,O) GO TO 12

w

I

LIST IS MAIN LIST SO TERMINATE ADVANCE
FNC ==1.0 :
GG TO 14

WAVE REACHED EMD OR SUBLIST wlITHOUT FINDING OBJECTIVE,
S0 POP UP READER STACK o
12 LK=LMNKR{K)

P*CONT(LK)

DUMY = STRIJW(COMT(LV+2)-L+2) : S .
CAMD 1S ADDRESS OF NODE WHERE DESCENT INTO SUBLIST STARTED

CAND=REALNO{LNKL(R)) :
REMOVE READER CELL

CALL RCELLI(LK)
CONTINUE SCAN THROUGH LIST STRUCTURE

Gu TOU 9
HAVE FOUND OBJUECTIVE MODE
13 FMNC  =0.0
ADJUST TOP OF READER TO POINT TO CELL FOUND
14 DUMY=STRIND(R,L)

RETURN

ENTRY ADVSRI(L, JrK)
COMMENTS AS FOR ADVSL ABOVE 8UT READ&R TRAVERSES RIGHT"A DS
‘ R=COMNT (L)
CAND=REALNO(LNKL(R 1))
IF(IDICAND) ,EQ.1) GO TO 16
15 LCP=LNKR{CONMT(CAND))
CALL SETUIR(-I.LCP.-I.R)
CAND=REALHO(LCP)
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IFCIDICAIDY JEG.2) GO T0 17
FFOCIDECARD) ZER L, J) LORLUID(CAND) LEQLK)Y 6O TO 16
FFCIO(CANDY JUE 1) 50 TO 1%
Lo M=MUCELL (UMY ) '
DUMY=STRIND (R M)
DUMY=STRIMND(CONTIL+L1 ) M+11
DUMY=STRIND(CONT(L+2) M+2)
CALL SfTIND(—R.INHNLT(LCP+?).LCNTh(L)NI,L+?)
CAal L ‘rTUlR("ln"luMoi\) . ) )
CAND=CONT(LNKL{R)+2]) A oo
GO TGO 15 '
L7 IF(LCHTRIL)JNELD) GO TO 18
FNC ==1,0 '
G0 TO 20
1% LK=LMERIRY)
=COMT (LK)
DUMY=STRIND(CONT(LK+2),L+2)
CCAMD=RFALNOGILNKL(R)) ‘
CALL -RCELLI(LK)
GO TO 15
1 FHNC =1,
20 DUEY=STRIND (R, L)
RETURG

FEMTRY DELETE(K)
IS NODE K A LIST HEALER?
IFCID(v) W MEL2) GO TO 21 .
CANNOT DELETE HEADER NODE THIS «AY
CALL TRCOFF
PRINT 901 ,

901 FORMAT('IATTEMPT TO DELETE LIST HEADER DISREGARDEDN®)
FNC  =0,0 '
RETURN : .

RETURN DATUM OF CELL TO BE DELETED AS VALUE OF FUNCTION
21 FNC=CONT(K+2) v :
POINTERS TO CELLS OM EITHER SIDE OF K
LL=LNKL(CONT(K))
L=LMKR(CONT(K )
LINK TOGETHER CELLS ON EITHER SIDE OF REMOVED NODE K
CALL SETIND(=Ts=1sLMsLL)
CALL SETIND(=1,LLs=1,LM)
KETURM CELL K TO AVAIL
CALL RCELL(K)
RETUN

ENTRY EQUALIAL8)
[F(A=P) 22,23,22

A NOT =8
2?2 FNC ==-1,0
RETURN

A=B

23 FNC =0,0
RETURN
END
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FUMCTYION FHO(HUMNY )
RETUR™

EMTRY ADVLEL (LR A)

¢ ADYANCE LIMEAR ELEMENT LEFT USIHG READER LR. FLAG A

¢ LEFT LINEAR ADVANCE ROUTINE CALLED TO SEARCH FO# ORJECTIVE

¢ CELL YITH Ip=n : A '
A=ADVLLILE,Q,0)

C ©AS ADVANCE SUCCESSFUL?
TF(ABS(A).GELO.1) RETURN . ‘ _

€ ADVAMCE SUCCESSFUL = RETURN DATUM OF CELL THAT LK NO: POINTS TO

' FlaD =REED(LR) o '

RETURN

» ENTRY ADVLNL(LRA) _

C ADVANCE LIMEAR NWNAME LEFT: SEARCH FOR OQBJECTIVE CELL wITH ID=1
A=ADVLL (LR 1 1) '

IFIARS(A)Y ,GE.U,1) RETURN

FD =REED(LR)

RETURN

: ENTRY ADVLWL(LRA) ‘ : ' :

C  ADVANCE LINEAR +URPD LEFT: SEARCH FOR OBJECTIVE CELL wITH ID O OR 1
A=ADVLL (LR 10} ' i
IF(ABS(A) ,GE.0O,1) RETURN
FD =REED (LK) '

RETURHN

o L L [T SRR gv ST

C THE FOLLOWING 3 ROUTINES AS THOSE ABOVE BUT TRAVERSAL 1S TO THE
¢ RIGHT ‘ - : i o
ENTRY ADVLER(LR,A)
A=ADVLR(LR»0,0)
IFIABRS(A) sGELDO.1) RETURN
FHD =REED(LR) '
RETURN

EMTRY ADVLNRI(LR»A)

A=ADVLRI(LRE,y1s 1) %

IFIABS{A)Y,GE.O,1) RETURN

FHD =REED(LR)

RETURN : :
ol bbbt N Tadutuiateede itttk bkl bbbl e ittt bl bbbl e Rtk
' EHTRY ADVLUR({LP,A) '

A=ADVLRUILRy 1+

IFIARS(A).GE.O,1) RETURN

FHD =REEDI(LR)

RETURN

ENTRY ADVSEL(LRsA) ‘ - K :

C ADVANCE STRUCTURAL ELEMENT LEFT: MEED OBJECTIVE CELL OF ID O.
A=ADVSL{LE«N,0) . :
IF(ABS(A)Y.GE.O, 1) RETURM
FMND =REED(LR)

RETURN"

EMTRY ADVSNLI(LRsA) ‘ :
C ADVANCE STRUCTURAL NAME LEFT: SEARCH FOR OBJECTIVE CELL 0OF ID 1
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AzADVSLILE ], 1)
JEAARS(A) JGF N 1) RETYRN
F D =REED (LK)

RETURN

ENTRY ADVSH (LRyAY : '
C  ADVARCE STRUCTURAL »URD LEFT: SFARCH FOR OPJECTIVE CFLL ¢ITH
C In=G 0r | : '

A=ADVSLILF 1)

IFCALSIAY JGELOL,1) RETURN

FAD =REED(LR)

RETUNH '

THE FOLLO™ING 3 ROUTINES AS THOSE ABOVE BUT TRAVERSAL IS TO
THE RIGHT
ENTRY ADVSER{LRA)
A=AUYSRILFD,0)
IFLARSIA) W GE L UL1) RETUSRN
FND =REED (LK)
RETuURN
ENTRY ADVSNR(LE, A)
A=ADVSRILRs1+1) -
IFCABS(A) ,GE.N, 1) RETURN
FHD =SREED (LR
RETURN

ENTRY ADVSWRILR,A)
A=ADVSRILRY1 v 0)
[IFUABS(A)Y,GE.0O.1) RETURN
FND =REED{LR)

RETURKM

END

T
£y }'
(€9
£
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FUtCTION fN}-(DU 'i»lY}
[WTEGFR FI
RETYIN

EYMTRY IRARDI(K)
K IS5 A READEK TO RE ERASED
RETURN VALUE OF LFEVEL COUNTER OF K
FNE =LCHTR(K)
M=K . ‘ . : .
HOTS A POTNTER TO MEXT LOWER ELEMENT OF READER STACK
I N=LNKR{CONT(N)) .
POP UP READEK STACK
CALL RCELL (M) : ‘
HAS 20TTOM QF READER STACK BEEN REACHED?
IF{NLER.ND) KRETURW
COWTINUE DELETING NODES OF READER STACK
M=
G0 TO |

EATRY ITSVAL (AT SLST)
[S THE DL FIELD OF LIST LST ZERO?
TF(LNKL(CONT(LST+21).E0.0) GO TO 2
TIND MACHIWNE ADDRESS OF ATTRIRUTE AT ON DL OF LST
M="ADATR (AT, LLST) i
DOES THE ATTRIBUTE NOT EXIST ON THE DL
IF(N.EN.=1) GO TO 3
RETURN VALUE CORRESPONDING TO AT
FNE =INHALT (M+2)
RETURM
NO DL ATTACHED TO LST SO DRINT ERROR MESSAGE
2 CALL DERROR(LST)
A FNE =0
RETURN
‘ ENTRY LIST(x) v o
O3TAIN NE®™ CELL FROM AVAIL ~ ITS ADDRESS RETURNED AS VALUE
FNE =dUCELL(DUMY) B :
© CHANGE VALUE OF FUNCTION TO LIST NAME FORMAT
 CALL SETDIR(=1,FHE,FNE,FNE)
SET UP HEADER NODE IN: CELL
CALL SETIND(2,FNEFNESFNE}
IFI(K.EN.9) RETURN ,
IF K NOT EQUAL 9, LCNTR OF NEW EMPTY LIST SET Tn |
CALL SETIND(=lys=1,1+FNE+2) '
RETUKN LIST MAME IM FUNCTION ARGUMENT
K=FNE : ‘
RETURN

ENTRY LRDRCP(K)
COPY READER X INTO A MWE# STACK
NE® CELL TAKEN FROM AVAIL FUR ToP CELL OF READER & THIS RETURF’ED
AS READER NAME

U FNE  =NUCELL{(DUMY)
*NELR Y POINTS'TO INITIALISED POSITION 1IN COPIED READER
NEWR=FMNE ' '

'NOW® POINTS TO INITIALISED POSITION IN K STACK
NOW=K ) : :
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C COPRY *NEwr [IMTNH SNE RS
4 DUMY=STRIND(CONT (O ) 3 NE LK)
UMY = JTFIMD(CUUI(N0“+I).N(WR+1)
DUMY=STRIMD(COMT(MNOW+2) yNEGR+2)
S C NRTAIN POINTER TO NEXT ELEMENT DOWN K STACK
‘ WOHN=LNKRECOMTI{ND®Y ) :
C HAS LAST CELL OF K STACK BEEN COPIED ALREADY?
IFINOLLEQ.O)Y RETURN ]
C NE# CFLL OBTAINED FOR READER=COPY
MEW=NUCELL(DUMY _
C LINK CURKENT CELL I& COPIED STACK T0 NE CELL ORTAINED
CALL SETIND(=1,=1,NE“T,/NECR) ’
¢ CONTINUE COPYING PQOCFSS
NEWR=MFW
G0 TOo 4

ENTRY LRLROV(K)

C APPOINT READER FOR ILLIST K

C CREATE NEY CELL FOR READER 8 RETURN ITS ADDRESS AS RFADER MANE
FE =NUCELL(DUMY) : '

¢ SET UP FIELDS OF READER CELL SU THAT IT POINTS TO HEADER OF K
CALL SETINDI(34LOCTI(K} yO.,FNE) ‘ ' '
CALL SETIMD(=1,K+s0FNE+2)
RETURN Lo '

EMTRY MTODLST(K)
C EMPTIY DL NF LIST K
FME =K ,
C OGTAIN DL=FI1ELD OF HEADER OF LIST K
MzLNKL(COMT(LOCT(K)+2))
C IF DL=-FIELD Z2ERQC. DL DUES NOT EXIST ANYilAY
IF(M,EQ.0) RETURN
'C CREATE NAME OF DL Il MAME FORMAT
CALL SETDIR(=14yMadisX)
¢ EMPTY DL
IDUM=HTLIST (X)
RETURN

EMTRY NEwWBOTA{K L)

C PLACE DATUM K UM BROTIOM OF LIST L
FNE =NXTLFTIK+»LOCT (L))
RETURN

EMNTRY NEWTOP(K,L)
C PFLACE DATUM K OH TOP NF LIST L
. FoE =NXTRGT(KLOCT (L))
RETURN

ENTRY NOATVL(ATLST) =
C OBTAIN MACHINE ADDRESS OF AT1RIHUTE AT OM LIST LST
=MADATR{AT LST)
C HAS THE ATTRIBUTE MOT BEEM FOUND?
IF(M,Eve=1) GO Tu 5
C RETURN 9ITH VALUE CORRESPONDING TO *ATe
FNE =INHALT(M+2)
C DELETE CELL +HICH CONTAINED ATTRIBUTE & CORRESPONDING VALUE
DUMY= DELETE(M
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. RETURN S _ T o o
©C ATTRIBUTE NOT FOUND - e S oo g
5 FWNE . =0 S | R e ' -
RETURN
CEND .

&

A

0 L
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FJNFIXON FIG CDUHIY )
NTEGFER FHG
RETURM
ENTRY LISTAV (M)
CREATE A LIST wITH LCNTR=N & RETURN ITS NAME
FNG  =LIST(9) _
PUT ADDRESS OF THIS LIST IN DL FIELD OF LIST M
CALL SETIND(=1,LAKR(FNG ) o=],M42)
RETURN

ERTRY MAKEDL (L M)

EMPTY OLD DL OF LIST M & IF IT DOES NOT EXIST, 7ERO PETURNED
FHG =MTHLST (M) ' ‘
CHECK THAT THE LISTS L & M EXIST
A=LO0CT (M) '
K=LNCT (L)

GAKE LIST L A DL OF LIST #
CALL SETIND(=1,K,=1,N+2)

INCREASE THE LCNTR OF DL L
CALL SETIND(=1,=1+LCNTR(L)+]K+2) ‘ :
RETURL » . R

ENTRY MRKLSS(L M)
GIVE LIST ¢ & ALL ITS SUALISTS THE MARK L
FliG =M v
MARK LIST M & APPOINT A READER LR FOR M
LR=LRDROV(NRKLST (L M) )
TRAVERSE LIST STRUCTURE M SEARCHING FOR REFERENCES T0 SURLISTS
1 X=ADVSHMR({LR,K)
HAS THE SCARCH BEEN COMPLETED?
IF(K.NE.0) GO TOQ 2 . - »
MARK THE SUBLIST REFERRED TO IN THE SUBLIST NODE ENCOUNTERED RY LR
IDUM=MRKLST (L yLNKR(X})
CONTINUE THE TRAVERSAL
GO TO | v v
SEARCH COMPLETED = HENCE DELETE THE READER LR
2 CALL RCELLI(LR) '
RETURN

EMTRY NULSTLI(L M)
ALL CELLS TO LEFT OF L REMOVED FROM LIST M 8 PLACED on NEW LIST
CREATE LIST +ITH LCNTR OF 0O

FNG  =LIST(9) _ : _ o
Is CELL FROM WHICH SPLITTING IS TO TAKE PLACE THE LIST HEADER?

IFCID(L)WNE,2) GO TO 3 : ' o '
HEADER NODE OF EMPTY LIST FORMED

CALL SETIND(24FNG,FNGFNG)

RETURN »
POINTER TO TOP OF LIST M (NODE" TO RIGHT OF HEADER)

3 LTOP=LNKR(CONT(M)) ' :

POINTER TO CELIL TO RIGHT OF SPLITTING OBTAINED

LSUC=LNKR(CONT (L)) ‘
JOIN TOGETHER CELLS OMITTED FROM THE SPLIT

CALL SETIND(=1,=14LSUCM)

CALL SETIND(=1,M  ,=1,LSUC)
CREATE. HEADER MODE OF NODES TO BE REMOVED FROM “
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CALL 'SETIND(2,L s LTOP W FNG)
C JOIN REMOVED NODES TO NCEwL HEADER CELL
CALL SETIHD(=1.=14+FNG,L)
CALL SETIND(=1,FNG,=1,LTOP}
RETUPRN

EMTRY MULSTR(L,M). : :
C AS NULSTL AHOVE BUT SPLITTING IS TO RIGHT OF L
FNG  =LIST(9)
IFCID(L YoNEL2) GO TO 4
CALL SETINDI(24FNG,FNG+FNG)
RETURN v ‘
4 LBOTsLNKL(CONT (M)
LPRE=LNKLICONTILY)
CALL SETIND(=1,LPREy=1,M) _
CALL SETIND(=1,=1,M yLPRE) '
CALL SETIND(2,LBOT,L VFNG)
CALL SETIND(=1,FNGy=1,L)
CALL SETIND(=1,=1+FNG,LBOT)
RETHRN '
C e arccccnccrcane- - e = - ---—----—----—-—-—--—,—.—-~'—----—-------’-.—.—----'
EMTRY NXTLFT(#H,L) : .
C TAKE NEW CELL FROM AVAIL & INSERT TO LEFT OF CELL L WITH
C A DATUM VALUE oF M o : '
: IL=NUCELL (DUMY} _
C RETURN ADDRESS OF MEW CELL CREATED
OFHG. =1L ‘ :
C LL IS POINTER TO CELL CURRENTLY AT RIGHT OF L
, LL=LNKL(CONT (LNKR(L))) _
C CHANGE POINTERS OF CELLS SO THAT NE% CELL LINKED INRETWEEN L & LL
CALL SETIND(=1,=1,IL.LL} : o :
CALL SETIMD(~1,Ily=1,LNKR(L))
_ CALL SETIND(O,LE,LNKR(ILY,IL)
C 1S THE DATUM BEING INSERTED A LIST NAME?
' IF{NAMTSTIM) JNE,O) GO TO & :
C DUATUM IS A LIST NAME SO GIVE NEI CELL ADDED IN [D=1
CALL SETIND(ls=ls=1,1IL) S . _
C. IHCREMEHT LCNTR OF L1ST WHOSE LIST NAME 1S DATUN OF NEW CELL
CALL SETIND(=1,=1,LCNTR(M)+1,M+2)
C INSERT DATUM INTO THE NEw CELL TO LEFT OF L
5 DUMY=STRIND(MsIL+2)
RETURN

ENTRY NXTRGT(M,L) , ‘ h : '
C AS NXTLFT ABOVE EXCEPT THAT NEW CELL IS ADDED To RIGHT OF CELL L

IR=NUCELL(DUMY) . '

FHG =IR '

LR=LMKR(CONT(LNKR(L)))

CALL SETIND(=1,IK,=1,LR)

CALL SETIND(=1,=1,IR,LNKRI(L})

CALL SETIND(OLJLNKR(L)YLR+IR)

IF(NAMTST(M) NELG) GO TO 6

CALL SETIND({ls=1,=1,1R) o

CALL SETIND(=1+=1,LCNTR(M)+1,M+2)

& DUMY=STRIND(M,IR+2)
RETURN
END
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TUNCTION FNR(DUMIY)
COMMON /SLIRP/ MU1NL),AVYSL
RETURN

. ENTRY PARHTZ(A.H)

C FPUSH A 4 3 DOWN ON FIRST TWO PUBLIC LISTS
IDUM=NEUTOP (Ash(]))
TDUM=NESTOP (B, (2))

FNH =A '
RETURE

ENTRY PARMTN (VAL ,NUH)
DIMENSION VAL(1) - : '
C CHECK THAT MORE THAN 100 PUSLIC LISTS NOT BEING USED
-~ IF(NUM,LT.1,0R,MUM,GT.100) GO TO 2
DO I I=!,NUM v , ‘
C PUSH VALUES IN ARRAY VAL DOwN ON FIRST NUM PUBLIC LISTS
1 IDUMSNEWTOP(VAL(TL) % (1)) '
FNH =VAL(1)
RETURN : _
C NUM OUT OF RANGE | TO 100 : ERROR MESSAGE
2 CALL TRCOFF '
PRINT &99
RP? FORMAT(' SECOND ARGUMENT OF CALL TO PARMTN NOT AN INTEGER [N THE &
=ANGE 1 TO 1uG*/* - NO STORAGE OF VALUES ON #n(1) & PARMTW SET TO 7
~EROY) o '
F NH =0,0
RETURN

ENTRY RDLSTA(Z)
C CRDBUF 1S BUFFER INTO WHICH CARD IMAGES ARE  INSERTED
DIMENSION CRDBUF({]2) ‘
C CP-IS AN ARRAY HOLDING MASKS TO ACCESS ALL SIXTHS OF A COMPUTER 4ORD
DIMENSION CP(6) +0770000000000,07700000000,077600000, 0770003,
- 0770U,077/ _ _
IMTEGER “ORDyBLANK ,SYMABOLILP,RP PLACE
C LPs RP, BLAMNK ARE RIGHT UUSTIFIED FIELDDATA CONSTANTS
DATA BLAMK LJLP,RP/* ¢,¢ (v, )v/s
9GO0 FUGRMAT(12A4).
901 FORMAT(1x,12A¢)
C CREATE A STACK LIST TO KEEP TRACK OF LIST STRUCTURE TO BE INPUT
IDUM=LIST(STACK)
C INITIALIGF CHARACTER COUNT. WHEM IT REACHES 6 A NODE HAS BEENV
C FILLED ®ITH SIX FIELDDATA CHARACTERS,
15=1
C INMITIALISE VARIABLE WORD TO BLANKS
WORD=BLANK
KOUMNT =0
PLACE=BLANK
Ca.-.o-o'o.u--oo-.oo.-.oooo..'oooo.c-o.o.oo-n-ucotnoooo.onutcoo-.coa--.o.
C KEAD & PRINT A CARD IMAGE
5 READ 9G0+CRDABUF
PRINT 901,CRDBUF : .
C Is IS CARD BUFFER WORD .COUNT, IC THE CHARACTER COUNT FOR EACH
¢ BUFFER wORD : :
C INITIALISE I%4,IC
=1




C

C

C

c

C

\ALO)

4

6 IC=1
EXTHRACT CHARACTER FRON 1C«TH POSITION OF WORD 1% OF Ctrep) BUFFER
ROINSERY IT RIGHT JUSTIFIED IN A BLANK HORD

7 §YMHOI“INTGFR(’QIN(CP(A).bQOUT(CP(IC).CRDBUF(IW)}.PLACF))

IS THE LETTER A BLANK?
IFUSYNHOL.EQ.BLANK) GO TO 17

IS THE LETTER A LEFT PARENTHESIS?
IFISYMROL.ERLLP) GO T0 10

IS THE LETTER A RIGHT PARENTHESTS?
IF(SYMBOL.EQ.RP) GO TO 18
GO TO 14 | .

c.....-..l.....l..l‘.ll.......l....0.0!0'.!".......‘i.......‘....i..!...l

C

. C

C

'C_

C

c

C..‘ll............l.......OQ........'.l......l.IC.......O..l....l‘.....l

C
c

C

C
C
C
9

c

C..'ii'l..ll...'."....ll“ll..'....l.‘l..l........‘.......‘.C...'O...‘.Q

c

C
c

¢
C

C
C

C

HAS BUFFER CHARACTER COUNT REACHED END OF A WORD?
B IFILIC.EQ.6). GO TO ¢
INCREMENT CHARACTER COUNT -
1C=I1Ce|
CONTINUE CHARACTER SCAN FROM CARD BUFFER
GO TO 7
HAS 4HOLE BUFFER BEEN SCANNED = IF SO READ ANOTHER CARD
9 IF(IW.EQ.12) GO TO 5
Gan TO NEXT WORD OF CARD HBUFFER
wW=lWe ]
CONTINUE CHARACTFR SCAN
GO TO 6

Is LEFT PARENTHESIS WHICH WAS ENCOUNTERED THE FIRST OF THE LIST?
IF NOT GO TU STATEMENT 11
In IF(KOUNT.NE,.O) G0 TO |1
CREATE NEW. LIST & PUT REFERENCE NODE TO IT ON STACK
C IDUM=NXTRGTILIST(NEW) ,STACK )
KOUNT=1 B ,
REENTER ROUTIMNE RECURSIVELY _ v g
DUMY=VISIT($Rs=1)
ON RETURN TO THIS LEVEL OF RECURSION RFMOVE TOP REFERENCE ON STACK
& RETURN DATUM STORED THERE (WHICH POINTS DIRECTLY Y0 LIST STRUCTURE
CREATED) .
FNH —POPTOP(STACKl
DELETE THE STACK
JDUM=MTLIST(STACK)
CALL RCELL(STACK)
RETURN

LEFT PARENTHESIS ENCOUNTERED SO MEW SUBLIST REQUIRED
1! IF(VORD.EGQ. RLANK) GO To 12
LEFT JUSTIFY CHARACTERS ALREADY IN WORD BEFORE L.P. ENCOUNTERED
& INSERT AT TOP OF LIST REFERRED.TO AT TOP OF STACK
IDUM=NXTLFT{LANORM(WORD) s TOP(STACK))
REINITIALISE WORD & 1S, o
WORD=BLANK
18=1
RECURSIVELY REENTFR ROUTINE AT STATEMENT 13
12 DUMY=VISIT($13,=1)
ON RETURN FROM DEEPER RECURSION LEVEL POP UP STACKs REVERTING A LEVEL
IN THE L1ST STRUCTURE
INUM=IMTGER(POPTOP(STACK) )
CONTINUE SCAN
GO TO 8

TV e e e et e e e i e et e . e e v o b omy
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C CREATE NMEZ LIST & INSERT ITS NAHBE AT TOP OF LIST REFLCRREL TO AT
C TuP OF STACK :

A3 IOUMA=NXTLFT(LISTINEY ) o TOP(STACK) )
C  INSERT NEv LIST MAME ON TOP OF STACK

IOUM=NXTRGT(NEY ,STACK) n
C COHTINUE SCAMN '

GO TO 8
Co’.0.-.0.000--00--.‘0-000.!-0.-.--l.cocal.ooonoyciocnno-n-ono’too'o-o""una
C SYMBOL ENCOUNTERED SO PLACE IT IN WORD ON LEFT SHIFTING
C CHARACTERS ALREADY THERE LEFTWMARDS

P4 vORD=INTGER(SHIMIL,SYMBOL +WORD ) )
C IS “0RD FULL YFET?
: . IFUIS.ER.6) GU TO 1S
C CONTINUE SCAN
' 1S=15+1

GO TO R .

¢ YGRD IS FULL SO PUT IT ON LIST STRUCTURE & REINITIALISE 1IT
15 IS=1 '
16 TOUM=NYTLFT(LANORM(WORD) +TOP(STACK))

HORD=ALANK
¢ CONTINUE SCAN
I1S=]

60 TO A

C-.o...o-co-.'qoo....'oo...lnlo..'.'qo..oo.'Qo'.o'..'.o.o.oo.lal-'o'.'o. X

C BLANK ENCOUNTERED AS DELIMITER SO CONTINUE SCAN IF WORD EMPTY
17 IF(LORD.EY.ELANK)Y GO TO 8§ . . ' : :
C «ORD NOT EMPTY SO INSERT IM LIST STRUCTURE _ o Lo
GO TO 16 -
Cl.'l'.0.0‘.Q..'.l.l.l'...0""'.’.......l'......l."g..l'.‘l...'.o...f"
C RIGHT PARENTHESIS ENCOUNTFERED '
L& IF({WORDLEQR,ALANK) GO TO 19 _ ‘ :
C INSERT CONTENTS OF «“ORD (LEFT JUSTIFIED) ON TOP OF LISTREFERRED
C To AT TOP OF STACK ‘ :
IDUM=HXTLFT(LANORM{VORD) ,TOP(STACK) )
C REINITIALISE *®ORD®* & 0§
" WORD={3LANK
1s=1
C ASCEND A LEVEL IN THE RECURSION
19 CALL TERM(Z.=1)

ENTRY SUBSBT(DAT,LST)

C SUBSTITUTE DAT FOR DATUM IN NODE AT BOTTOM OF LIST LST
FNRH =SUBSTIDATLNKL(CONT(LST)))
RETURN '

EMTRY SUSBSTP(DAT,LST) :
€ SUBSTITUTE DAT FOR UATUM IN NODE AT TOP OF LIST LST
FMNH =SUBST(DAT LNKR(CONT(LST)))
RETURN
EviD
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FUNCTION FHI(DUMMY)
CCOMMON /SLIP/Z w1011 ,AVSL
IHTEGER FiI

RETURN

ENTRY LSS CPY (LAY _
APPOINT READER FOR LIST LA, CREATE WEW LIST, SAVE THE NAMES OGN PUBLIC
LISTS & ENTER DEEPER LEVEL OF RECURSION

FMI= INTGER(VISIT($100, PAW4TZ(IRDROV(LA).LIST(9))))

ON RETURN TO OUTERMOST LEVEL OF RECURSION TLRMINATF PROCESS

RETURM
LC 15 NAME OF LIST STORED ON TOp OF w(2)
0B LC=INTGER(TOP(®W(2))) : v
LR 15 NAMF OF READER STORED ON TOP- OF -W(1)

LR=INTGER(TOP(W(I1)))

ADVANCE LINEARLY TO RIGHT SEARCHING FOR NON- HcAnFR NODE
I X=ADVLWR{LR,K)
"AS TARGET OF SEARCH FOUND?
IF{(K.EQ.Q) GO TO 2
TARGET NOT FOUMD SO POP UP READER

CALL RCELL(LR) : _
TERHINATE THIS LEVEL OF RECUKSION, POP UP PUBLIC LISTS & RETURN [HAME
OF LIST LC TO CORRESPOMDING VISIT FUNCTION

CALL TERM(LC,RFSTOR(2))

TARGET FOUND, IS IT A SUBLIST NODE®
2 IF(NAMTST(X).EQ.0) GO TO 3 -
COPY TARGET FOUND TO BOTTOM OF NEW COPY OF LA
IDUM=NENBOT(X+LC) :
CONTINUE READER SCAN 0F LIST STRUCTURE LA

GO TO 1 , C ~
HAVE SURBLIST CELL. CREATE READER FOR SUBLIST & CREATE A NEW LIST
FOR COPY OF SUBLIST. SAVE VALUES ON PUBLIC LISTS 8 REENTER ROUTINE
RECURSIVELY. ON RETURN TO THIS LEVEL OF RECURSION PLACE NAME OFf
COPY OF SUBLIST AT BOTTOM OF COPY OF OUTER LIST

3 IDUM=NEXBOT(VISIT(S100, ARMTZ(LRDROV(X).LIST(?))).TOP(W(?)))
CONTINUE SCAN OF LIST STRUCTURE
50 10 100

ENTRY LSTEQL(LA.LB) ' : . '
APPGINT READERS FOR LA, LB LISTS , SAVE THEM ON PUBLIC LISTS
& ENTER DEEPER LEVEL OF RECURSION

FNIT =INTGER(VISIT{%200, +PARMT2(LRDROVILA)WLRDROV(LB))))
OM RETUKN TO OUTERMOGST. LEVEL .OF RECURSION TERMINATE PROCESS
RETURN

Lith & LRB ARE NAMES OF THE READERS OF LISTS LA & LB
200 LRA=SINTGER(TOP(W(1)))
LKB=IHNTGER(TOP(W(2)))
ADVANCE 80OTH READERS LINEARLY TO RIGHT SEARCHING FOR NONHEADER HMODE
4 XA=ADVLAR(LRALKA) '
XB=ADVLWR (LRB,KB)
WAS TARGET OM LA FOUND?
IF(KALEQR.D) GO TU 5
AS TARGET ON LA FOUND? o
IF(KB) 647486 - :
TARGET ON LA FOUND., WAS TARGET ON LB FOUND?
S IF(KB.NE.Q) GO TO 7 :
TARGET ON LB FOUND, ARE CONTEMTS OF FOUND CELLS ON LAy LB EQUAL?
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TFCINTGERIXA) LEQOINTGER(XB)) GO TO 4

1S TARGET ON LA A SUBLIST CELL®

IF(NAMTST(XA).NELO) 6O TO 7
IS TARGET O L& A SUALIST CELL?

ITFINANTST(XR)Y) (NELO)} GO TO 7
SULBLIST CELL FOUND S0 APPOINT READERS FOR SUDLIQTS ’ SAVE‘THEM'&
ENTER DLEEPER LEVEL OF RECURSION

FNI =INTGER(VISIT(S200,PARMT2(LR DROV(XA)-LPDROV(XB))))
IF TEST wAS SUCCESSFUL CONTINUE SCAN OF THE LISTS

IF(FNI Y7 ,20N0,7
POP UP BOTH READERS
6 CALL RCELL(LRA)

CALL RCELLI(LRD)

CTERMINATE CURRENT LEVEL OF RECURSINN & RETURN 0 710 CORRECPONOIMC

VISIT FUNCTION INDICATING SUCCEbSFUL TEST ON LISTS
CALL TERM(O,RESTOR(2))
FOP UP ROTH READERS
7 CALL RCELLI{LRA)
CALL RCELL(LRR)
TERMINATE CURRENT LEVEL OF RECURSION & RETURN -1 T0 CORhLSPONDINC
VISIT FUNCTION INDICATING THAT LIST STRUCTURES NOT EHUAL
CALL TERM(=1+RESTOR(2))

ENTRY MEWVAL(AT»VALSLST)
FIND MACHINE ADDRESS OF ATTRIBUTE AT ON DL OF LIST LST
M=MADATR(AT,LST).
#AS ATTRIBUTE. FOUND?
IF(M.,ER,=1) GO TO 8
If FOUND SUBSTITUTE VAL FOR VALUE CORRESPONDING TO AT ON DL
RETURN OLD VALUE AS VALUE OF FUNCTION
Fnl =INTGER(SUBST (VAL +M+2))
RETURN
AT NOT FOUND ON DL SO AT & CORRESPONDING VAL LOADED ON DL
8 IDUM=LDATUL (AT VAL,LST) '
FNI =0
RETURN
END
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FUNCTION FNJ(DUHﬂY)
INTEGER FiNJ

RETURN

ENTRY LDATVLU(ATWVAL,LST)
C IS DL FIELD OF HEADER OF LIST LST ZERO?
, CIFALNKL(CONT(LST+2)).NE,0) G0 TO |
C OL FIELD ZERO SO CREATE DL OF LIST LST & RETURN ITS NAME
FNJ© =LISTAV(LST) : :
C PUT A NEX CELL ON TOP OF THE DL
I MADR=NXTLFT (O LNKL(CONT(LST+2)))
C ALTE®R LMKL FIELD OF CELL TO BE NEGATIVE
ITEMP==LMKL(CONT (MADR))
CALL SETIND(=14ITEMP,=1,MADR)
C PUT AT & VAL IN FIELGS OF NEW NODE OF DL
DUMY=STRIND (AT yMADR+ )
ODUHY=STRIND(VAL MADR+2)
RETURN

ENTRY LPURGE(LST)
C APPOINT REAPDER K FOR LIST LST
K=LRDROV(LST)
C INITIALISE COUNT
FNJ =0
C ADVANCE DOVWN LST STRUCTURALLY SEARCHING FOR NON=- HEAUER NODE
2 Y=SADVSYR(K . J) , : _
C HAS TARGET BEEN FOUND? ' S . ot
3 IF(J.NE,U) GO TO 4 : ‘
C IS TARGET NODE SUBLIST CELL? IF NOT CONTINUE SCAN
IF(HAMTST(Y)NELO) GO TO 2
C HAS LIST POINTED TO BY CELL ALREADY BEEN TRAVERSED .TO GET 1O THIS
C CELL? IF NOT CONTINUE SCAN
IF(LSTPRO(Y,K).NE.O) GO TO 2
'C LIST HAS ALREADY REEN TRAVERSED THROUGH
C FIND ADDRESS OF NODE POINTED TO 8Y READER
"L=LPNTR(K) ' : '
C ADVANCE ALOMG LIST LINEARLY
Y=ADVLAR(K,J) '
C DELETF SURLIST CELL POINTED TO BY K
DUMY=DELETE (L) : :
C INCREASE DELETION COUNT (FINAL VALUE RETURNED AS VALUE OF FUNCTION

FNJ  =FHY +1
C CONTINUE SCAN OF SUBLIST
GO TO 3

C TERGET NOT FOUMD SO DELETE READER & EXIT FROM ROUTINE
4 IDUM=IRARDR(K) ' :
RETURN
END

e
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FUNCTINH [RALSTI(EK)
FRASE LIST K & KETUKN ITS NODES TO AVAIL
CHECK THAT K EXISTS '
L=LOCTI(K)
RENDUCE LCNTK OF K RBY OWMNE
CALL SETIND(=14y=1 LCHTRIL)=1,L+2)
RETUKRN [LCNTR AS VALUE OF FUNCTION
IRALST=LCNTR(L) ‘
IS LEVEL COUNTER ZERO? IF NOT LIST 1S STILL REFERENCED AS A SURLISY
A HEWCE CANNGOGT BE DELETED IMMFEDIATELY ' ‘ ‘
IF(IRALST.NE.U) KETURN
EMPTY LIST K , '
[DUM=MTLIST(K) _
N HA> CONTENTS OF OL FIELD OF K
H=tNKLICONT(LUKR(L)+21)
IS THERE A DL ATTACHED TO K2
IF(N,EQ.O) GO TO |
ORTAIN NEW CELL FROM AVAIL
NEW=NUCELL{DUMY) :
SET UP NEw CELL AS SUBLIST CELL REFERENCING DL
CALL SETI3(=le=lysly=loe=1y=1sNsNyNEW) .
PUT SUBLIST CELL REFERRING TO DL ON AVAIL SO THAT NODPES OF 0L CAN
BE USED BY STORAGE RECLAMATION WHEN NECESSARY (LCNTP OF L ZERO)
CALL RCELL(NEW) o
DELETE HEADER OF K
1 CALL RCELL(L)
RETURN
END

Sy
i
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FUNCTION MUCELL (DUMMY) ~
COMMON /SLIF/ w(1Ul) s AVSL )
C ® IS POINTER TO TOP OF AVAIL '
' MzLNKR{AVSL) ‘
IF(M,NE.O) GO TO ‘I
CALL TRCOFF , :
- C LIST OF AVAILAARLE SPACE (AVAIL) EXHAUSTED IF NEXT CELL OF AVAIL
C HAS ZERO LNKR FIELD : ' : ‘
: PRINT 901 _ '
901 FORMAT (] LIST OF AVAILABLE SPACE EXHAUSTED.!)
CALL WLKBCK (1)
c 1S CtLL TAKEM OFF AVAIL A REFERENCE TO A SUBLIST?

i FUID(M)YJNELLY GO TO 2 . :
GtLL WAS SUBLIST REFERENCE SO APPLY IRALST TO DELETE LIST REFEREIICED
OR TO DECREASE NUMBER OF REFEREMCES TO IT AS THIS SUBLIST MOODE HAD
C HEEN RESTORED TO AVAIL

_ IDUM=TRALST(CONT(M+2))

C’ READJUST LIMITS OF AVAIL TO PRECLUDE CELL TAKEN FROM IT
2 CALL SETDIR(=14~1+LNKR(CONT{#M) ), AVYSL)
C ZEROISE NEW MODE BEING DELIVERED FROM AVAIL
DUMY=STRIND(STRIND(STRIND(O M) yM+1) s M+2)

C RETURM ADDRESS OF. Ntw NODE
‘ NUCELL=M
RETURN
END

ISy
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ING OF ASSEMBLER=-CODED . PRIMITIVE ROUTI“F‘_q

. . LIST
« NOTE: INUEX REGISTER X11 IS USED TO CARRY OVER THE ADNDRESSES OF
. OF THE ARGUMENTS OF A FUNCTION CALL FROM FORTRAN & THE
. RETURN ADDRESS, SINCE THE AbSEMBLtR EQUIVALENT OF A FUNCTION
. OR SUBROUTINE CALL IN FORTRAN IS¢
. LMJ  X11sXXXXXX
. + ADDRESS OF ARGI
. * ADDRESS OF ARG2
. + ADDRESS OF ARGHN
. + WALKBACK WORD
. UPON ENTRY TWNTO XXXXXXs» X11 HAS IM ITS H2 FIELD
. THE ADDRESS OF THE INSTRUCTION FOLLOWING THE (Mg, I1.5. iT
. CONTAINS THE ANDDRESS OF THE FIRST ARGUMENT -OF THE FUNCTIOWN
. CALL. THE RETURN ADDRESS FROM THE CALL-1S THAT OF THE
. INSTRUCTION FOLLOWING THE WALKBACK ®ORDs [.E, THE ADDRFSS
. IN THE MODIFIER (H2) FIELD OF X!l PLUS M+l, #HERE M IS
. THE NUMBER OF ARGUMENTS OF THE FUNCTION CALL. HENCE A JuMp
. TO M+l AS MODIFIED BY X11I IS REQUIRED TO RETURN FROM THE
. FUMCTION, . ' '
. ACCUMULATOR REGISTER AQ (WHICH OVERLAPS wITH x9) IS USED
. TO CARRY BACK THE VALUE OF A FUNCTION CALL TG THE
. CALLING PROGRAM, SINCE IF THE L#J HAD BEEN EQUIVALENT
. TO A FUNCTION RATHER THAN A SUBROUTINE CALL, THE INSTRUCTION
. FOLLOWING. THE WALKBACK WORD WOULD BE A STORE I[NSTHRUCTION
. TO STORE THE CONTENTS OF AO SOMEWHERE IN THE CALLING
. PROGRAM
AXRS N _ .
INFO 4 2 , . LINKAGE TO
$(21),BLNK RES 1 . BLANK COMMON
- %{0)REGS RES 4 + TEMPORARY REGISTER STORAGE
wa + tPRMTYS Y . WALKBACK
- De5=% . PACKAGE
TEMP + 0 ' + TEMPORARY STORAGE
%01),CONT+ NOP AD,O « CONT,» INHALT IDEMTICAL
INHALT» LAWH2 ANDVOV XL o « LOAD ADDRESS CONTAINED
LAyYH2 AO»04ADQ . AS 1ST ARGUMENT -INTO AD
LA AGLU,AD . LOAD CONTENTS OF ADDRESS
J 21 %11 ( .+ RETURN
GETFLG* LAH2 AB,O.WX11 .
LAWH2 AD,D,AQ . . : S
" LALS3 A+ 14AD ; « LOAD *FLAGY FIELD OF ADDRESS
J 2y X11 : . ’
GETHAF* LAsHZ2 AG.O,X11 ’ .
LAWH2 ADLU,AD . . .
LAsH2 AQ4 1, AD "« LOAD *HALF* FIELD OF ADDRE
J 21 X11 : ey
GETMRK* LAWH2 ’

AO._U.X.II’ ) )




LAWH2 AG,O.AD
LALWS2Z2 AU+ 14AD
J Z29yX11
ID« LAWH2 A”]Doxll
LAWH2 AG,0,AD
LAoSl M.".l.AU
J 2+ X1
]NTGER‘ NOP ) AQW U
REALNO= LAyH2 AQLOWX11L
LA Al O4,AQ
J 2:Xl}
LANORM« LAYH2 ADWOsX11
LA ADWDLAQ
TNE ADW (?
J 2:+X11
SA Al,REGS
SA ADWTEMP
LALSI AlyTEMP
TE 51,005
J F+3
LSsC ANy 6
o J F=4
LA A]oREGS_
J 2.X11
LNKL LAWH2 AOLO, X1
LA,HI ADLZULAQ
J 2¢X11
LNKLP* LAWH2 ADsDWX11
LMAWHI ADWULAD
J 2+X11
LNKR» LAJH2 ADLZDWXL L
LAJH2 AB.D,AD
J 2.X11
MADOV“l LAWH2 AD«O,X11
J 2¢X11
PUTFLG' LAWH2 Ay 1,X11
LAWH2 ad,0.a0
SA Al4REGS
LAH2 Al 0211
LA Al+D,yA L
SAsS3 Als14AD
LA Al yREGS
J I3»X11
PUTHAF* LAWH2 AD,1.X11
LAWHZ AD«0,AD
SA Al REGS
LAyH2 AlsO,X11
LA Als04A1

\noj

L]
»
L]

« LOAD YMARK® FIELD OF AUDRESS
» LOAD *1D* FIELC OF ADDRESS

. GER, REALNO ARE IDEUTICAL
. LOAD THE PARAMETER

. INTO REGISTER AN

o RETURM 91Ty VALUE 1M AQ

« LOAD ALPHAMERIC WORD

INTO REGISTER AU
WORD IS FILLED
®ITH BLAMKS, RETURN
SAVE REGISTER Al
LOOP! STORE @WORD
LOAD RIGHTMOST CHARACTER
IF THIS A BLANK

EXIT FROM LOOP
CIRCULAR SHIFT CHARS,
CONTINUE LooOP
OUT OF LOOP:
RETURN

IF

LFFIWARD

RESTORE Al

INTO AD
OF AD

LOAD IST PARAMETER
OBTAIN LNKL FIELD

ORTAIN. MOD(LNKL) FIELD OF AOD

OBTAIN LNKR FIELD OF AQ

ADDRESS 0OF PARAMETER
WITH ADDRESS IN AD.

OBTAIN
RETURN

LOAD ADDRESS CONTAINED

AS 2ND ARGUMENT [NTO AD
SAVE CONTENT OF A)
LOAD 1ST ARGUMENT

INTO REGISTER Al
STORE IN *FLAGY FIELD
RESTORE Al :
RETURN

SIMILAR TO

YPUTFLG
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SHyH2 ) ATy 1lsAD . STOHE In YHAILEY FIFELD

LA ' AL REGS .
4J EER RN .
PUTHRK * LAVH2 ANy 14X11 « SIMILAR TO *'PUTFLG?
LASH2 AU AD e
SA Al REGS i
LAVH2 AbaDyXI11, .
LA Al O, AL, . N
SA,S2 - AlsisAD « STORE IN YHARK® FIELD
LA AL REGS C .
J 311 .
SETOIRe LAWH2 ADVALX11 . « LOAD 4TH PARAMETER (ADDRESS)
ENTL S A AL+REGS + SAVE REGISTER A1
: LAWH2 AW lax11 « LOAD IMTO REGISTER Al
LA ALy sAl . SECOND PARAMETER
TE Aty (=1} Y . IF =1 DO NNT STORE IT
SAWHI AL D0, AD « STORE IN *I_NKL® OF ADDRESS
LAsH2 Aly2,X1L . THIRD
LA CALWULAL . PARAMETER
TE Als(=1) ; A : -
SAVH2 AlyO.AD ~ « STORE IN 'LNKR® OF ADDRESS
LAyH2 AlsO,X11 - « FIRST
LA AlyOsAL . PARAMETER
TE Aly(=1) .
SALSI Aly14AD ' o STORE IN *ID' OF ADDRESS
LA - Al JREGS ’ + RESTORE REGISTER Al
J 5yX11 ‘ .. RETURN
CSETINDe " LA,H2Z ADV3 X111 . LOAD 4TH PARAMETER
LAGH2 ADVOVAD . (INDIRECT ADDRESS)
J _ EMTL - « PROCEED TO CODING AT ENTI
SETD3+ LAsHZ: AD8YX11 - + LOAD 9TH PARAMETER (ADDRESS)
CENT2 SA Al .REGS . e SAVE REGISTER Al :
LAsH2 AlsCoX1l ~+ LOAD INTO REGISTER Al
LA AL yOsAL , .«  FIRST PARAMETER
TE Alyl=1) : -« IF =1 DO NOT STORE IT :
SAWHL AlyO,hAD - - + STORE IN *LNKL* OF ADDRESS . ¢
LAyH2 AlsleX1l : . SECOND :
LA AlsO AL . PARAMETER
TE Alal=1) i L o
SAWH2  Al,O0,A0 "« STORE IN *_NKR® OF ADDRESS
LA H2 Aly24x11 .. THIRD '
LA ALV O, AL . PARAMETER
TE AL (=1 - . . g _
SAsSI Alv1sAD « STORE IN ¢ID* OF ADDRESS
LAWH2 CAle34X11 , . FOURTH S
LA AL GuAL . PARAMETER
1€ Als(=1) ‘ C . . '
5A.52 Als14A0C : -« STORE IN *MARK?® OF ADDRESS
LAsHZ2 o Al ovdeX11 "« FIFTH
LA ALy 0, AL S, PARAMETER
TE Aly(=1)" - '

SA,S3 AlvlsAD . ~ « STORE IN 'FLAG* OF ADDRESS
LA . AlW5uX11 . SIXTH : ' : :
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LA AlVOL AL . PARAMETER

TE Aly(=1) : .
SAWH2 Als1,A0 « STORE IN *HALF* OF ADDRESS
LAsH2 Als6aX1 « SEVENTH '
LA - Al U, AL . PARAMETER
TE Aly(=1) .
SAVHI Als2,A0 « STORE IN *LPNTR* OF ADDRESS
"LALH2 Alsy74X11 v EIGHTH
LA AlsD4AL - o PARAMETER
TE Aly(=1) . . ‘
SA;H2 Al+2,A0 v « STORE IN *|_CNTRY OF ADDKESS
LA Al REGS + RESTORE REGISTER Al
J 10,%11 « RETURMN . e
SET13= LAWH2 ADVG XL « LOAD 9TH PARAMETER o
LA H2 AO ULAD - . (INDIRECT ADDRESS) '
J ENT2 . PROCEED TO CODING AT rmrz
SHIN» LAWH2 AOLD.X11 , e« LOAD IST ARGUMENT
LA : A0L.Q,AD e INTO REGISTER AQ
. SA A, TENP « SAVE ARGUMENT
LAWH2 A2, X111 . « LOAD 3RD ARGUMENT
LA ADLVGLWAD «  INTO REGISTER AD
LSSt - AD,«TEWMP ' « SHIFT 3RD ARG, LEFT eNv BITS
S A Al.REGS o « SAVE '
SA A2,REGS+] . REGISTERS
SR R2ZyREGS+2 e USED
LAWH2 . Alsil.x11 o LOAD 2ND ARGUMENT
LA AT OWAT S INTO REGISTER Al
52 A2 Co . OBTAIN BITS
DSL Al »TEMP =~ . TO BE INSERTED
SA A2, | IN THIRD
LSSC Al,eTEMP . , . ARGUMENT
LA A24(=0) « OBTAIN MASK '
LSSt " A2, «TEMP ‘ . FOR
SNA A2, TEMP . INSERTION
LA A2, TEMP .
LR R24A2 « INSERTION
S mMLu ADWAL . PROCESS
SA Al,AQ B
LA - Al,REGS 4 . RESTORE
LA A2,REGS+2 . REGISTERS
LR " R2+REGS+2 - . : USED
J _ 4.X11 : « RETURN
SQAINs LAWH2 ADVOLX11 ' . LOAD IST ARGUMENT
LA AL, U, AD . INTO REGISTER AO
SA Al REGS e« SAVE
SA ' A2,REGS+1 . REGISTERS
© SR R2,REGS+2 . USED
S X . X6.REGS+3 . o .
LXoU. X640 , o« SHIFTING OF, 2ND ARGUMERNT
LASU ALl ' e DETERMINED FROM MASK:
AND AlWAD o .
TELU A2,0 ' { TEST FOR TRAILING ZERO BIT
J $+4 ' : « EXIT FROM roOOP

AX o X6et1) B

: ‘0) : £y ’ . '
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SS5C Afty .

J _ =5 .. COHTINUE LOOPING
SX X6s TEMP . COUNT OF Nn, OF BIYS TO SHIFT
.SSC AQ % TEMNP . ' _
LAYH2Z AlylyX1l .o o LOAD & LEFTSHIFT
LA _ AlsUsAL . SECOND
LSSC . Al,aTEMP ' . ARGUMENT
LR ~R2,AN : - "« INSERT 2ND ARGUMENT
LAH2 ADW2,X11 : . INTO CORRECT
LA A0, AD N FIELD OF
MLU A, AL _ . THIRD ARGUMENT
- SA : AlyAD « RESULT IS VALUE OF FUNCTIOHN
LA AlyREGS . RESTORE
LA A2,REGS+1 . ' REGISTERS
LR R2\REGS+2 . USED
LX X6 REGS+3 . .
J 44%11 , .« RETURN
SHOUTH,  LAWH2 ADWD+X11 . LOAD MASK
LA ADLVG4AD . INTO REGISTER AO
SA , Al yREGS, . . SAVE '
SA : A2,REGS+1 . REGISTERS
SX ‘X& W REGS+2 ' . ~ USED
LXsU X6 . K « COUNT TRAILING ZEROS
LA,U ALY . . OF MASK. :
AND . AlsAD , . ' . '
TEWU A2.0 "« TEST FOR TRAILING ZERO RIT .
J G+4 . « EXIT FROM LOOP -
AX»U Xé&,4 1 o S
SSC AOWL , y
J $=9 « CONTINUE LOOPING
SXx - X6+ TEMP : « COUNT OF NO. OF BITS TO SHIFT
LSSC AC, *TEMP : "~ « LEFTSHIFT MASK BACK AGAIN
LAYH2 Alsl X111 - . LOAD 2ND ARGUMENT
T LA AlsU,AL ' . INTO REGISTER .Al .
AND A LLAD © .. « OBTAIN FIELD SPECIF*D BY MASK
SSL A2, #TEMP ~« REMOVE TRAILING ZERO BITS
SA : A24AD « RESULT 1S5 VALUE OF FUNCTION,
LA : Al REGS - . RESTORE ‘
LA A2,REGS+] e REGISTERS
LX ‘ X6.:REGS+2 .~ ', ' USED
o J C3.X11 s+ RETURN
STROIR#. SA v . AlL,.REGS - +« SAVE REGISTER Al
LAWH2 AlslaXI11 ' « LOAD PAR. 2 (ADDRESS) INTO Al
ENT3 ' LAWH2 AD,O,X11 , « LOAD FIRST '
LA AOVO,AD . PARAMETER INTO AQ
SA ABVOLAL . STORE IN ADDRESS,
LA " AL+REGS : "+ RESTORE REGISTER Al
J’ 3.X11 » RETURN
STRIND# SA Al REGS .« SAVE REGISTER Al
LA,H2 AlslaX1l « LOAD PAR, 2 (ADDRESS)
LAH2 ALWvUsAL _ e INTO- Al (INDIRECT) :
J ENT3 ' .+ PROCEED TO CODINMNG AT ENT3 -

TRCON® SLJ - TON3 . SWITCH ON




WLKBCK*

LAWH2
LAsH2
LA
LR

X

SA
SLJ

+

END

\ADL

LyX1 . CASSEMBLER TRACE
TOFF 3 « S*ITCH OFF
1eX1] . ASSEMBLER TRACE
ADVIoX1] . INVOKE
/\loU.Xll .
Als4A1L N
R3.0,A0 . :
X11414A0 . WALKBACK
Al 542 .
MERRS .
4] . PRINTOUT
.
o~
~J
oo
A L (-
)
=N
-
\/.
~(\;
Q 1
. kY
IS 3

- am -




« SEE DESCRIPTINON OF

AXRS

INFO
{(2)+BLNK RES
sLir INFO
F{3),X° RES
SL0)VTERM +

+ .
wvrIstT +

+
TEMP +
JUHP +

SXsH2
LMY
+
+
SA+H2
LAWH2
LA
LX
LA

J

VISIT» SA
SX s H2

LA o
SA '
LA,U
SAVH2

LMJ

+

+

4+

EX

i
t

END

(Aa32)

RECURSION RQUTINES

T S Y AR e P e D RS w6 we

RECURSION ROU

X11L WTERM+1
X1i,POPTOP
X+100

-2 +WTYERM
AN, AL
ADsD0sXx11
AJ,0.AQ
X11,A1

Al ,TEMP
3ol

TS Nl m T e R p Y R S e Y e R B W e s

AlL,TEMP
X114+A4VISITH]
AlsOWx1]

Al ,dump

AL yVIVISIT+1
Als5+2
X11+NEWTOP
a ) .
X+100
F=3,NVISIT.
JUMP

TINES

*
*

*

IN SECTION 2.3.2,6

LINKAGE TO
_ BLANK COMMON
LINKAGE TO WNAMED CO
“I1TH PUALIC LIST
WALKRACK PACKAGE
FOR SUBROUTIME T
WALKBACK PACKAGE
FOR FUNCTIOH VIS
TEMPORARY STORAGE T
STORAGE FOR JUitp IN
TERMINATE RECURSIVE
WALKBACK REGISTER=~S
EQUIVALENT
TO FUNCTION CALL
POPTOP(X(101)
SAVE VALUE OF POPTO
LOAD 1ST ARGUMENT 4
VALUE OF CORR, V
LOAD RETURM ADDRESS
RESTORE FROM CORR.,
RETURN TO CORR., VIS
SAVE REGISTER Al
WALKBACK REGISTER-S
STORE LABEL OF RECU
OF CODING T0 BE
LOAD RETURN ADDRESS
STORE IN CALL ON
EQUIVALENT TO
THE FUNCTIOM CAL
NEWTOP(RETURN
X(1o1))
JUMP TO THE RECURSI

OF TEXT

e o o o o o e T . e e = =

MO SLip
S & AvVSL )

ERNM ' ;

IT !
O SAVE AL,
STRUCTIQN i
CODING
AVE

)
P CALL
HICH IS
ISIT CALL

INTO Xx11
VISIT CALL
IT CALL

- ]

AVE 1
RSIVE BLOCK
ENTERED '
AND .
NEWTOP !

L . \

ADDRESS, v

\
VE CODING v
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SHBROUTINE SRA
COMMON /SLIP/Z X(10O1) AVSL
RETURN

ENTRY DERROR(N)
C ERROR MESSAGE POUTINF FOR DL POUTINES

CALL TRCOFF .
PRINT 900N
PRINT 901
RETURN

900 FORMAT(///% LIST=-NAME = 'o012/)

901 FORMAT(* ATTRIBUTE=VALUE LIST REQUIRED BUT N”T FOUND')

EMNMTRY INITAS(MN)
C'.I“ITIALISATION ROUTINE OF SLIP
C X ARRAY HOLDS HNAMES OF PURLIC LISTS, AVSL THE STORAGE LIMITS 0F
C AVAIL, % ARRAY HOLDS HEADER NODES OF PUBLIC LISTS & M 1S THE ARRAY
C DIMENSIONED N TO HOLD THE LIST OF AVAILABLE SPACE» AVAIL
DIMENSION ®w{(303),M(1)
-C CREATE THE PUBLIC LISTS & THETIR NAMES
DO 1 I=1,101
J=3e[=2
DUM= STRD[R(STRDIR(STRDIR(STRDIR(O X(I))o”(d))'W(J+l))¢W(J+2))
CALL SETDIR(-I.MADOV(W(J))oMADOV(W(J))oX(I))
1 CALL SETD3(MADOV(W‘J))lMAUOV(W(J)).Zo‘lo‘l"l"l 4095, W(J))
C ZEROISE THE M ARRAY
DO 2 1=1,N
2 M{l)=0 .
C  ROUND OFF N SO THAT DIVISIBLE By 3
N=N/3
N=3 %N
K=N=3 , ' : ' -
C LINK TOGETHER AVAIL FROM M ARRAY, LAST 3 YWORDS OF M REMAIN ZEROQ
C S0 THAT HAVE END MARKER TO INDICATE THAT AVAIL IS EXHAUSTED
DO 3 I=1,K ' - ‘ ' '
3 CALL SFTDIR(-I--l-MADOV(H(I+3))vM(I))
C QET UP AVAIL LIMITS IN AVSL, THE QUASTI=NAME OF AVAIL
CALL SETDIR(=1,MADOV(M(N=- 2)).MADOV(M(1)).AVSL)
RETURN.

ENTRY RCELL{CELL) v
C RETURN NODE OF WHICH CELL IS THE ADDRESS TO AVAIL
C LINK CELL TO BOTTOM OF AVAIL
CALL SETIMND(=1ls=1+CELLILNKL(AVSL]})
C CHANGE AVSL TO INCORPORATE CELL IN AVAIL LIMITS
' CALL SETDIR(=1+CELLs=1,AVSL) : o
C MAKE CELL THE END MARKER FOR AVAIL
CALL SETIND(=14~1,0,CELL)
RETURN
END




SUBROUTINE SKF
COMMON /SLIP/Z W(101),AVSL
,HETURN
C ———————————————— -----------—--------—-——---—-—o. ----- e A AR n Mk e AR e o O ap - e o e
ENTRY LSPACE
K=0 , : -
I=LNKR(AVSL) ‘ ‘ , -
I IF(LNKR(I).EQ.0) GO TO 2 '
- I=MADRGT (1),
K=K+1
GO TO 1
2 PRINT 799K _ o
799 FORMAT('0 LIST OF AVAILABLE SPACE CONTAINS ',15,* NODES®)
"RETURN
C----—------——-—-—--——-—--—-- ----- oy D D e AR A My e D T oy S e OB ER e on W - - - b . -
ENTRY LSTRCE(LSTWLSTNAM.N)
C PRINT OuT NODES OF LIST LST IN OCTAL & ALPHAMERIC FORMAT
C IF N=0 QCTAL FORMAT ONLY S '
C IF N=1 HEADER & SUBLIST NODES IN OCTAL & REMAINDER IN ALPHA FORMAT
DIMENSION ICONT(3)
800 FURMATI(/1IH ,60(*=~%)) .
B8O1 FORMAT(/10X4*NAME OF LIST IS *,A6,%, = *,012) .
BU2 FORMAT(//°* NODE ADDRESS*+21X,*CONTENTS OF NODE'/)
BU3 FORMAT(IHO W 3Xs06011X42(01243X)+3X0Ab)
804 FORMAT(1HO+3X406, ex.3(3x.012>)
L=LOCTI(LST)
CALL TRCOFF
PRINT 800
PRINT BO1,LSTNAM,L _ - .
PRINT 802 : '
J=LNKR (L) '
DO 3 K=1,3 o
3 ICONT(KI=INHALT(J4K=1) .
PRINT 804,J,ICONT :
, 4 J=MADRGT(J) . '
C HAVE REACHED LIST HEADER YET?
IFCID(J).EQ,2) GO TO 7
. DO 5 K=1,3
C PUT CONTENTS OF NODE (3 WORDS) INTO ARRAY ICONTv
5 ICONT(K)I=INHALT(J+K=1)
C IS NODE TO BE PRIMTED IN ALPHAMERIC FORMAT?
IF(N.EQel.AND.ID(J)+EQ.D) GO TO &
PRINT BO4,J,1CONT '
GO TO 4 .
6 PRINT 8034+J,ICONT
GO TO 4 '
7 PRINT 800
RETURN
C-----—----—-----——------—-------—--—--------———’---—-—--—-—----—-'-—----—.
ENTRY PRESRV(N) ' ;
C PUSH THE VALUES STORED ON TOP OF FIRST N PUBLIC LISTS AGAIN ON '
C TOP OF THEM
DO 10 I=1,N
10 IDUM=NEWTOP(TOP(W(I)) W(I))
RETURN

C-.--.----—----—-—----..—-—-'----.—a-..—-—--i..--.---------‘...-——--.-'----—-’-— -------

ENTRY PRLSTS(OUTLST I}




(A35)

¢ OuTLST IS LIST TO BE PRINTED. FORMAT OF OUTPUT 1S SPECIFIED BY II
ERUIVALENCE (KOUT,0UT) :
CALL TRCOFF.
QUN FORMAT(21X+OHREGIN LIST)
QUL FORMAT(21X+8HEND LIST)
QU2 FORMAT(21X,114)
QI3 FORMAT(21X+13HBEGIN SUBLIST)
904 FORMAT(21X+11HEND SUBLIST)
905 FORMAT(21X+Ab)
QUG FORMAT(21XF10,4)
907 FORMAT(21X+13HEMPTY SUBLIST)
PRINT 900
¢ APPOINT READER LR FOR OUTLST
LR= LRDROV(OUTLST)
LEVEL=0
C ADVANCE STRUCTURALLY DOAN OUTLST

20 X=ADVSHR{LR,K)

¢ HAVE REACHED HEADER NODE OF MAIN LIST YET?
IFIK,NE.O) GO TO 110
¢ COMPARE *LEVEL' & THE LEVEL IN STRUCTURE AT WHICH LR IS

30 IF(LEVEL=LCNTR(LR)) 140.40,100
€ 1S THE NODE POINTED TO BY LR A SUBLIST NODE?

40 IF(NAMTST{X).NE.0) GO TO 60
¢ 1S THE LIST REFERENCED BY SUBLIST NODE EMPTY’

IF(LISTMT(X).NE,O) GO TO 50
€ . EMPTY SUBLIST 4 S . :
PRINT 907 . : - . ’ L
¢ CONTINUE TRAVERSAL OF OUTLSY - :
GO TO 20
50 PRINT 903
C DESCEND A LEVEL IN THE OUTLST LIST
LEVEL=LEVEL+1
C CONTINUE SCAN
GO TO 20 : . ‘ :
C NODE. POINTED TO BY LR A DATUM NODE, PRINT OUT DATUM IN APPROPRIATE ;
C FORMAT & THEN CONTINUE SCAN ' - s
60 IF(1T1.LTo1eO0RI14GTL3) 1123
GO TO (70480:,90)411
70 ouUT=X ,
PRINT 902,K0UT
G0 TO 20
B0 OUT=X
PRINT 905,K0UT
GO T0 20 .
90 PRINT 906X .
GO TO 20
. C READER HAS ASCENDED OUT OF A SUBLIST : ' .

100 PRINT 904 . \

¢ PRINT END OF SUBLIST MESSAGE & DECREMENT LEVEL =
LEVEL=LEVEL=-!
C CHECK IF BACK IN MAIN LIST YET (STATEMENT 30)

GO To 30 ) :
HAVE REACHED HEADER OF MAIN LIST. CHECK IF END OF SUBLIST MESSAGES
BALANCE BEGINNING OF SUBLIST MESSAGES
110 IF(LEVEL~LCNTR{LR)) 140,130,120
¢ STILL HAVE EMD OF SUBLIST MESSAGES TO PRINT 0UT

120 PRINT 904 ' .

[a g}
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FUNCTION ALGDIF(LST OIFVARNAMENF)
DIFFERENTIATION ROUTINE. SFE FLOWCHART IN APPENDIX .C.

FLOWCHARTS OF SIMPLIFICATION PROCEDURES OF BASIC OPERATORS
GIVEN IN FIGURES 11 THROUGH 15 0OF TEXT

LST IS LIST NAME OF EXPRESSION TO BE OIFFERENTIATED
DIFVAR IS HOLLERITH NAME 0OF VARIJARLE OF DIFFERENTIATION
HAMEDF 1S HOLLERITH TAG TO BE ATTACHED TO DERIVATIVE LIST

CP ARRAY HOLDS MASKS FOR SIXTH FIELDS OF A WORD
OPRS 1S THE OPERATOR TABLE
IPTR & LNGTH ARRAYS HOLD POINTERS & LENGTHS OF OPERANDS
OF OPERATOR AT ANY STAGE
ICAT ARRAY HOLDS *CATEGORY' OF OPERANDS: IF 1 A CONSTANT
If 2 THE VARIABLE OF DIFFERENTIATION & IF 3 AN EXPRESSION
COMMON /SLIP/ ¥(100)
COMMON /IODIFN/CP(4) ,DUMMY(22) ,0PRS{40)
INTEGER OPRS+I10PRS/32/
DIMENSTON IPTR(2),LNGTH(2),1CAT(2)
C INODE IS POINTER IN INPUT EXPRESSION LST
INODE=LNKR(LOCT{(LST)) '
C CREATE DERIVATIVE LIST., RETURNING ITS NAME AS FUNCTIOM VALUE
ALGDIF=REALNO(LIST(LSTDIF)) -

NNONONAANANO N O O

C INODED IS POINTER IN DERIVATIVE LIST
INODED=LNKR(LSTDIF)
I=LNKR({W(100))
C SEARCH COLLATOR LIST FOR TAG OF DERIVATIVE LIST

5 I=MADRGT (1)
CIF(ID(I)LER,2) GO TO &
IF(NAMEDF .EQ.NDAT(I)) GO TO 7
G0 TO &5 '

C TAG NOT FOUND ON COLLATOR LIST S0 ADD A NODE TO 1IT
b I=NEWNOD (040 NAMEDF 4 1) '
GO TO 8 , '
C TAG ALREADY ON COLLATOR LIST SO OVERWRITE CONTENTS OF THIS NONE
7 DUMY=STRIND(MAMEDF,1+2) :
C INSERT POINTER TO DERIVATIVE IN RELEVANT CELL OF COLLATOR LIST
8 DUMY=PUTHAF ( INODED, 1)
C  INSERT VARIABLE OF DIFFERENTIATION & POINTER To DERIVATIVE
C IN THE DL OF LIST LST

IDUM-N&WVAL(DIFVAR.INODED.LST)
C START SCAN THROUGH LIST LST
INODE=MADRGT(INQDE )
C ENTER ROUTINE RECURSIVELY
DUMY=VISIT(&10,=1)
€C EXIT FROM FUNCTION UPON RETURN TO THIS LEVEL OF RECURSION
RETURM

C RECOGNITION HODULE
c I's NODE POINTED TO RY INODE OF UNIT LENGTH?
10 IF{NCORE(INODE} NE,O) GO TO 19

C SEARCH OPERATOR TABLE TO FIND POSITION OF OPERATOR FOUND ON LST IN IT

DO 11 IDAT=},10PRS '
- IFUNDAT(INODE) (EQ.OPRS(IDATI) GO TO 12
1l CONTINUE ,
C OPERATOR ENCOUNTERED IN LIST THAT IS NOT ON OPRS TABLE: ERROR
CALL WLKBCK(3) ' '




\e /

C DELIMEATE OPFRANDS OF OPERATOR ENCOUNTERED, ASSIGNING THEIR
¢ POINTERS, LENGTHS AND *CATEGORIES?
12 ITEMP=]NODE
DO 13 IK=1,2
IPTRUIK)=MADRGT(ITEMP)
13 caLtL HANDLF(IPTR(IK)vITEMPnLNGTH(IK))
IDUN=NEWTOP(ITEMP W (99))
DO 16 IK=1+2
IF{LNGTH{IK)«GTW1) GO TO 15
ICODE=NCOPE(IPTR(IK))
IF(ICODE.EQ.44AND, NDAT(IPTR(IK)).tQ.INTGER(DIFVAR)) G0 TO 14
IF(INTGER(GETHAF(IPTR(IK)I)) NE.O) GO TO 1S

ICAT(IK)=1
GO TO 16
14 ICAT(IK)=2
, GO TO 16
15 ICAT(IK)=3
16 CONTINUE _ o ‘ .

C IS OPERATOR A *UNARY®* FUNCTION WITH CONSTANT .OPERAND?
IF(NPREC(IPTR(2)).EQ.B8.,AND.,ICAT(2),EQ.1) GO TO 17
GO TO (20+464+70419041506+330,35043704+43920,4104,430,450, 490o33ﬂ.550o
«570:5904610,630:650+670,690,710,730,7504780,810,830,850,870,890,

- 90014 10AT , . _
C UNMARY FUNCTION WITH CONSTANT OPERAND SO DERIVATIVE ZERO
17 INODED=NEWUNOD (140,04 INODED)

INODE=INTGER(POPTOP(H(99)))
¢ ASCEND A LEVEL IN THE RECURSION
C CALL TERM(0,0,=1)
(wersmemecaa— L e T L L L T R R W R g Y e
¢ UNIT LENGTH OPERAND MODULE : '
19 INODED=NDIF(INODE,INODED, DIFVAR)

CALL TERM(Q,0s=1)
C-_---'-..—-—--—------------—--6-----—-—---—-----—----—---—----—--—-—----—-
C ADDITION MODULE
20 IF{ICATI1).G6T,1) GO TO 26

IF(ICAT(2).6T.1) GO TO 22

INODED=NE%NOD (1,0, O-INODED)

GO TO 45

22 IF(ICAT(2),6T.2) GO TO 44
INODED=NEWNOD ({1 +0.14+INODED)
GO TO 4S5

26 IF(ICAT(1)4GT42) GO TO 30

IF(ICAT(2).GT.1) GO TO 28
INODED=NEWNOD(14+041,INODED)
. GO TO 45

28 IF(ICAT(2).GT«2) GO TO 34
INODED=NEWNOD(1+04+24 INODED)
GO TO 45

30 IF(ICAT(2).G6T.1) GO TO 32
IND=]
GO TO 36

32 [FIIEGOPDI(IPTRWLNGTH) NE,O) GO TO 34
INODED=NEWNOD(O+5+,0PRS(3)+INODED)
INODED=NEWNOD (14 O.Z-INODED)
IND=1 . .
GO TO 36 : -

34 IND=D




36
38

40

42

44

qs
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INODED= NEHNOD(O.B.OPRS(I).INODED)
1PM=]

1MODE=IPTR(IPM)

DO 40 1K=1,2
IDUM=NEWTOP(IPTREIK) +W(99))
IDUMEMEWTOP (LNGTH(IK) »W(99)) & °
IDUM=NEWTOP (IPMyR(99)) '
IDUM=NEWTOP CINND W (99))
DUMY=VISIT(SI0s=1)
IND=INTGER(POPTOP(W(99)))
IPM=INTGER(POPTOP(W(99)))

DO 42 IK=241,=1
LNGTH(IK)=INTGER(PAPTOP(W(99)))
IPTRIIK)=INTGER(POPTOP(W(99)))
IF(IND.EQ. L) GO TO 45
IF(IPM,EQ.2) GO TO 4§

IPM=2

GO TO 38
INODE=INTGER(POPTOP(W(99)))

CALL TERM(O,0,=1)

C----n---o-——---u‘u-—------------------—0---------n--------—-.—-n----—----.

- C

446

" 47

48

sO

52

S4

58
60

61

62

64

SUBTRACTION MODULE " :

IF(ICAT(1).GT.1) GO TO SO
IF(ICAT(2).GT.1) GO TO 48
INODED=NEWNQOD(1+0+0,+INODED) .

GO TO &6 ' o

" INODED=NEWNOD(O+4+0PRS(2)+INODED) : S ,
INODED=NEWNOD (3404 1H#+INODED) _ : ' e
GO TO &4 ' ' o
IF(ICAT(1).GT.2) 60 TO 54
IFUICAT(2).,6T.1) GO, TO 52
INODED=NEWNOD (1} 0.1.1Nooeo)

GO TD 66
IF(ICAT(2),GT.2) GO TO 56

GO TO 47
IF(ICAT(2).G6T41) GO TO 55
IMD=)

GO0 TO 58
IF(IFQOPD(IPTR LNGTH) .EQ,0) GO TO 47
IND=

-INODED NEWNOD (04 OPRS(Z).INODED)
I[PM=]
INODE=IPTR(IPM) : 4 . -
DO &1 IK=1,2
IDUM=NEWTOP(IPTR(IK) +#¥(99))

IDUM=NEWTOP (LNGTH(IK) W (99))
IDUMSNEWTOP(IPM W (99))
IDUM=NEWTOP (IND ¥ (99))

DUMY=VISIT($10,=1) ‘
IND=INTGER(POPTOP(W(99)))
IPM=INTGER(POPTOP(W(99)))

DO 62 IK=2s14s~1
LNGTH(IK)=INTGER(POPTOP(W(99)))
IPTR(UIK)=INTGER(POPTOP(W(99)))
IF(IND.EQ.1) GO TO 66
IF(IPM,EQ.2) GO TO 66
I1PM=2




72

.76

78

. 80

82
84

8é

87
89

90

120
125

(B4)

GO TO 60
IMODE=INTGER(POPTOP(%(99)))

CALL TERM(O,04=1)

MULTIPLICATION MODULE
ISwW=0 "
IF(ICAT(L)GT.1) GO TO 764
TFIICAT(2).GT.1) GO TO 72
INODED=NEWNOD(1,0,0, INODED)
GO TO 140
IF(ICAT(2),G6T.2) GO TO 130
INODED=10PCPY(IPTR(1),LNGTH(1)4INODED)
GO TO 140 '
IFCICAT(1).6GT.2) GO TO &2
IF(1CAT(2).6T.1) GO TO 78
INODED=IOPCPY(IPTR(2)+LNGTH(2),INODED)
GO TO 140
IF(ICAT(2),5T.2) GO TO 80
INODED=NEWNOD(0+5,0PRS(3)+INODED)
INODED=NEWNOD (140424 INODED)
IHODED—XOPCPY(IPTR(I)-LNGTH(I).INODEDJ
GO TO 140.
[Ssw=1.
GO TO 87
IF(ICAT(2).GT+1) GO TO 84
IND=1
GO TO 89 o
IF(ICAT(2).,GT.2) GO TO 86 , ' o
[Sw=2 ' : ' : ' '
GO TO 87 .
IF(IEQOPD(IPTR,LNGTH).NELO) GO TO 87
INODED=NEWNOD(O+5,0PRS{3) 4+ INODED)
INODED=NEWNOD(1+0,424+INODED)

IND=1
GO TO 89

IND=0 , ,
" INODED=NEWNOD(0+,3+s0PRS(1)4+INODED) \
IPM=]

IF(ISW,EQ.1) GO TO 125
INODED=NEINOD(0s5+0PRS(3)+INODED)
INODE=IPTR(IPM)

DO 110 IK=1,2
IDUM=NEWTOP(IPTR(IK) W (99))
10UM=NEWTOP (LNGTH(IK) +W(99))
IOUM=NEWTOP(IPM ,W(99))
IDUM=NEWTOP(IND % (99))
IDUM=NEWTOP (1SW & (99))
DUMY=VISIT(%10,=1)
ISW=IMTGER(POPTOP(N(99) 1))
IND=INTGER(POPTOP(H(99)))

IPM  =INTGER(POPTOP(W(99)))

DO 120 1K=2,s14~1
LNGTHUIK)=INTGER(POPTOP(W(99)))
IPTR(IK)I=INTGER(POPTOP(W(99)))
JPM=MOD(IPM,2) +1
INODED=10PCPY(IPTR(JPM) ILNG IH(JPM).INODED)
IFLINDJ.EQ.1) GO TO 140

f




130

150

151

152

153
154

160 .

162

164

1467

168

170

\oo)

IF{IPM,EQR.2) GO TO 140
APM=2

IF(ISY,EQ.2) GO TO |25

GO Tn <90 '
INODE=TINTGER(POPTOP(¥(99)))
CALL TERM(O,0s=1)
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C EXPONENTIATION MODULE

IS¥=

lFLICAT(l).GT.l) GO TO 160
IDAT=NDAT(IPTR(1))
IF{IDAT.NE.O.ANDJIDAT.NE.1) GO TO 152
INODED=NEWNOD (140404 INGDED)

GO TO 188

IF{ICAT(2).,EQ. 1) GO TO 161
IFCICAT(2).G6T.2) GO TO 183

TF(NDAT(IPTR(1) ) NEJIHE) GO TO 154

INODED= NE"NOD(O.?.OPRS(S)oINODED)

DO 1653 IK=1,:2
INODED"IOPCPY(IPTR(IK)oLNGTH(IK)nINODED)
GO TO 188

1Sw=2

GO To 183 . .

IFCICAT(1)GT.2) GO TO 170
IFIICAT(2).GT. L) GO TO 166
IDAT=NDAT(IPTR(2))

IFCIDAT.EQ.0) GO TO 5]

TF(IDATNE.L) GO TO 162

INODED=NEWNOD(14+0,+14+INODED)

GO TO 188

ISw=1]

IND=1’

GO TO 174

IFCICAT(2).GT,2) GO TO 168
INODED=NEANOD(O+5,0PRS(3)+INODED)
INODED=NEWNOD(D+7+0PRS(S)»INODED)

bu 167 1IK=1,2
INODFO-IOPCPY(IPTR(IK)oLNGTH(IK)oINOOED)
INODED=NEANOD(O+.3,0PRS(1)yINODED)
INODED=NEWNOD(1+04+s14+INODED)
INODED=NEWNOD(QsB+OPRS(6)4+INODED)
INODED=NEWNOD (3404, 1H#8,INODED)
INQDED=TOPCPY(IPTR(1)+LNGTH(]1)+INODED)
GO TO ‘188

ISw=]

GO TO 173 :

IF(ICAT(2),G6T.1) GO TO 172

IND=}

GO TO 174

IFCICAT(2),G6T.2) GO TO 173

ISh=2 '

D=0

ITNODED= NEWNOD(O.3.0PRS(l)oINODED)
INODEC=NEYNOD(D+5+0PRS(3)+ INODED)
IMNODED=TOPCPY(IPTR(2)LNGTH(2),INODED)

IF(ISW.EQ.1) GO TO 175

INODED=NEWNOD(0,5+0PRS(3)+ INODED)
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176 INODED=NEWNOD(Q+7+0PRS(S5)+INODED)
INODED=TOPCPY(IPTR(1)+LNGTH(1),INODED)
IF(NCODE(IPTR(2)).NEL1) GO TO 177
INODED=NEVNOD(1+B,NDAT(IPTR(2))~1,INODED)

GO TO 179 :

177 IF(NCODE(IPTR(2)).NE,2) GO TO 178

INODED=NEWNOD (240 +REALNO(NDAT(IPTR(2)))=1,04,INODED)
. GO TO 179

178 IHODED=NEGNOD(0+440PRS(2)+INODED)
INODED=I0PCPY(IPTR(2) LNGTH(2), INODED)
INODED=NEYiNOD(1+0414INODED)"

179 IF(ISWM,EQ.1) GO TO 182
INODE=IPTRI(1)

DO 180 IK=1,2
IDUM=NEWTOP(IPTR(IK) +1(99))

180 IDUM=NEWTOP(LNGTH(IK) 4W(99))
"IDUM=NENTOP(ISH,W(99))
IDUM=NENTOP(IND Y (99))
DUMY=VISIT(510,=1)
IND=INTGER(POPTOP(W(99)))
ISW=INTGER(POPTOP(#(99)))

DO 181 IK=2,1,~-1
LNGTH(IK)=INTGER(POPTOP(V(99)))

181 IPTR(IK)I=INTGER(POPTOP(W(99)))

182 IF(INDJER.l) GO TO 188

183 INODED=NEWNOD(0+5,0PRS(3) 4 INODED)

© INODED=NEWNOD(O+7+0PRS(5)+INODED)
_ DO 184 IK=1,2

184 INODED=IOPCPY(IPTR(IK) +LNGTH(IK) INODED)
IF(NDAT(IPYR(1))LEQ.IHE) GO TO 186
IF(ISM,EA.2) GO TO 185
INODED=NEWNOD(O»S5+«0PRS(3)+INODED)

185 INODED=NESNOD(O+8,0PRS(6)+ INODED)

IMODEN=NEWNOD(3+0s1H#t+ INODED)
INODED=IOPCPY(IPTR(1)+UNGTH(1),INODED)
IF(ISA,EQR.2) GO TO 188 '

186 INODE=IPTR(2)

DUMY=VISIT(E10,=1)
188 INODE=INTGER(POPTOP(W(99)))
CALL TERM(D,04=1) '

(et ecccncac—=e - o AP on e Mt O e e B o D SR R e S e 5 G WD D I s e TR e B e B e m A R R D e A e A

¢ DIVISION MODULE

190 15W=0 . , :
INODED=NEWNOD(N+6+0PRS(4) 4+ INODED)
IF(ICATIL)«GT 1) GO TO 196
I1DAT=NDAT(IPTR(1))

IFLIDAT.NE.O) GO TO 192
191 INODED=NEWNOD (1,040, INODED)
CIDUM=INTGER(DELETE(MADLFT(INODED)))
GO TO 250 ' :
192 IF{ICAT(2).EQ.1) GO TO 191
: IF(ICAT(2)4GT.2) GO TO 194
IMODED=NEWNOD(N,4,0PRS(2)+INODED)
INODED=NEWNOO (3404 1H#, INODED)
INODED=I0PCPY{IPTR(1)+LNGTH(1),INODED)
INODED=NEWNOD(04+7,,0PRS(5) s INODED)
INODED=IOPCPY(IPTR{2)+LNGTH(2),INODED)

[



194

196

198

200

204
204

210

220

230
232

234

\bi#)

INOODED=NEUNOD (14042, INODED)

G0 TO0 250

1HD=2

INODED=NE®NOD(0+4+0PRS(2)+INODED)

TNORDED=NEWNOD (3, DolH#olNODED)
INODED=NEWNODIN+5+0PRS(3) 4 INODED)
GO TO 252

IF(ICAT(1).GT.2) GO TO 2040

IF{ICAT(2),6T.1) GO.TO 198

INODED=NEWNOD (140,41, INODED)
INODFD-IOPCPY(IPTR(Z)oLNGTH(Z)uINODED)

. GO T0 250

lF(ICAT(Z)-EQ 2) GO TO 191
[SW=|

GO0 TO0 206

IF(ICAT(2).,GT.1) GO TO 202

IND=] ‘

GO TO 252 . . :
IF{ICAT(2).GT+2) GO TO 204

[SW=2

GO TO 206

IF{IEQOPD(IPTR,LNGTH).EQ,0) GO TO 191

INODED=NEWNOD(Os+4+0PRS(2)+ INODED)

IPM=1

IF(1Sn.EQ.1) GO TO 232
INODED=NEWNOD(N+5+s0PRS(3)+INODED)
INODE=IPTR(IPM)

DO 220 1K=1,2
IDUM=NEWTOP(IPTRILIK) W(99))
IDUM=NENTOP(LNGTH(IK) yWI(99))
IDUM=NENTOP(IPMyN(972))
IDUM=NEWTOP(ISW,W(9%))
DUMY=VISIT($10,s=1)
ISW=INTGER(POPTOP(W(99)))
IPM=INTGER(POPTOP(W(99))}

DO 230 IK=241l4=1 .
LNGTH(IK)I=INTGER(POPTOP(W(99)))
IPTRUIK)I=INTGER(POPTOP(W(9%9) 1))
JPM=MOD(IPM,2)+]

.INODED—IOPCPY(IPTR(JPM)oLNGTH(JPM)oINODED)'

IF(IPM.,EQ.2) GO TO 234
I1PM=2 -

AFCISR.ER.2) GO TO 232

GO VO 210
INODED=NEWNOD (0, 7.0PRS(5).INODED)'
INODED=IOPCPY(IPTR(2)+LNGTH(2),INODED)
INODEN=NEWNOD(1+0+2,INODED) '
INODE=INTGER(POPTOP(W(99)))

CALL TERM(O,04=1)

INODE=IPTR(IND)

DO 254 IK=1,2
IDUM=NEYTOP I IPTRIIK) +W(991))
TOUM=NEWTOP(LNGTH(IK) W(99))
IDUM=NEWTOP(INDW(99))
DUMY=VISIT(S10,=1)
IND=INTGER(POPTOP(W(99)))

DO 256 IK=2,1,-1

~



(B8)

 LNGTH(IK)=INTGER(POPTOP(W(99)))
256 IPTRUIKI=ZINTGER(POPTOP(W(99)))

IFCIND,EQ.I) GO TO 2858

INODFD—IUPCPY(IPTR(I).LNGTH(l)oINODtD)

GO TO 234
2568 INODED=10PCPY(IPTR(2 )oLVGTH(Z).INODED)

’ GO TO 250

o i D R piaiaiabdedin et L b L L
¢ NATURAL LOGARITHM MODULE ,

a3 INODED=NEWNOD(N+S,0PRS(3) s INODED) _ o

INODED=NEWNOD(D+6+0PRS(4)+»INODED) -

INODED=NEWNOD(1+s0414,INODED)

INODE=IPTR(2)

INODED=I0PCPY(INODE+LNGTH(2),INODED)

DUMY=VISIT(510,s=1)

INODE=INTGER(POPTOPIW(99)))

CALL TERM(0,0,=1)

c-_—------- ---------- u--------_---—-—--5---------—----‘_----..--—-..-----..-
€ COMMON LOGARITHM MODULE '
350 INODED=NEWYNOD(0Q+5, OPRS(S)oINODED)_

INODED=NEXNOD(N,84,0PRS(7)+INODED)

[HODED=NEWNOD(3,0,1H#,INODED)

INODED=NEWNOD (3,0, IHE+ INODFD)

INODED=NEWNOD(N,+5,0PRS(3), INODED)

INODED=NEWNOD(0+6,0PRS(4) 4+ INODED)

INODED=NEANOD(1+04,14+INODED)"

INODE=IPTR(2) _

INODED=IOPCPY(INODE+LNGTH(2),INODED)

DUMY=VISIT($10,~1)

INODE=INTGER(POPTOP((99)))

CALL TERM(O,0.,=1) :
C-"-""------h---"--—------------"----------"----."---‘---‘-’~-‘-------’——-- .
¢ SINE MODULE
37a INODED= NEWNOD(U.S.OPRS(S)oINODED)

INODED=NEWNOD(O+840PRS(9)+ INODED)

INODED=NENNOD (340, 1H#,INGDED)

INODE=IPTR(2)

INODED=IOPCPY(INODE LNGTH(2),INODED)

DUMY=VISIT(510,~1) .- : _

INODE=INTGER(POPTOP(N(99))) ~ o

CALL TERM(D,0,=1) - ! ' o
Crmmn- S e T T A T a T aCtr N o oot o so;m®mem oo e ™memn e o ms e mes oo e e |
C COSINE MODULE
390 INODED=NE®NOD (0,4, OPRS(Z)oINODED)

INODED=NEYNOD{(34+40,1H#,INODED)

INODED=NEANOD(DV+S,OPRS(3)+INODED)

INODED=NEWNOD(O+8,0PRS(8),INQODED)

INODED=NEWNOD (340, 1H#,INODED)

INODE=1PTR(2)

INODED=TOPCPY(INODELNGTH(2),INODED)

DUMY=VISIT(S10,=1)

INODE=INTGER(POPTOP(W(99))) ' _ : ‘ ‘ -

CALL .TERM(Q,0,=1)

o e . e e e e oot o oo e

C TANGENT MODULE

410 INODED=NEWNOD(0+5+0PRS(3)+INODED)
INODED=NEWNOD(D+7+0PRS(5)+INODED)
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INODED=NEANOD(NV8,0PRS(12), INODED)
TNODED=NEWNOD (3,04 1H#, INODED)
INODE=IPTR(2)

IMODED=TOPCPY (INODELNGTH(2), INODED)
INODED=NEWNOD (1,042, INODED)
DUMY=VISIT($10s=1)
INODE=INTGER(POPTOP(W(99)))

_CALL TERM(O,0y=1)

C COTANGENT MODULE

430 INODED=NEXNOD(0O+4,0PRS(2)+INODED)
INODEN=NEWNOD (3,0, 1HH#,INODED)
INODED=NEVINOD(0+5,0PRS(3) 4+ INODED)
INODED=NEWNOD (D47 ,0PRS(5), INODED)
INODED=NEWNOD(0,8,0PRS(13),INODED)
INODED=NEWNOD(34+0+1H#, INODED) _ . : v
INODE=IPTR(2) ' '
INODED=10PCPY(INODE, LNGTH(Z).INODED)
INODEN=NEWNOD (1,40 .z.xNooEO)
DUMY=YISIT($10,=1)
INODE=INTGER(POPTOP(W(99)))
CALL TERM(D,04=1)

(mmmec e ccm e m s mccacamccac e ar e at e —— . .o — e e

C SECANT MODULE -

450 INODE=IPTR(2)
LSEC=12

460 INODED=NE%WNOD(0+5,0PRS(3) 4 INODED)

- INODED=NEWNOND(N,8+0PRSI(LSEC) ,INODED)
INODED=NEWNOD (3404 1HH, INODED)
INODED=TOPCPY(INODE+LNGTH(2),INODED)
IF(LSEC.ER.10) GO TO 480
LSEC=10
GO TO 460

480 DUMY=VISIT($10,=1)
INODE=INTGER(POPTOP(W(99)))
CALL TERM(D,0,=1)

(mmemmme—e- ——mee=- Biahriiainbeh et bl b R L L LT

¢ COSECANT HMODULE . : :

490  INODED=NEWNOD(0+4,0PRS(2),INODED) . | , j
INODED=NEWNOD (3,0, 1H#, INODED)
INODE=IPTR(2)

, LCSC=13

500 INODED=NEWNOD (0+5,0PRS(3)+ INODED)
"INODED=NEKNOD(D,8,0PRS(LCSC),INODED)
INONDEN=NEVNNOD (34,04 1H#&, INODED)
INODED=IOPCPY(INODEWLNGTH(2),INODED)
IF(LCSC.EQ.11) GO TO 520
LCSC=11
GO TO 500

520 DUMY=VISIT(%10,=1) a
INODE=INTGER(POPTOP(W(99))) _ L
" CALL TERM(O.0,=1) . o S »

R et LT i i D el L T IR -

€ ARCSINE MODULE

530 INODED=NEUNOD(D+5S+0PRS(3)+ ILNODED) ‘ - )
INODED=NEWNOD(O+6+0PRS(4)+INODED) A !
INODED=NEWNOD( 140414+ INODED)

hed



c-
550

C
570

ARCCOTANGENT MODULE

\bBLiV)

INODED=NERNODI{O+7+0PRS(5)+ INQDED)

"INODED=NEUNOD(D444,0PRS(2)+ INODFD)

INODED=NEWNOD (| 4041, INODED)
INODED=NEWNOR(Q+7+0PRS(5), INODEDY
INODE=I1PTR(2) ‘
INODED=10PCPY(INODELNGTH(2),INODED)
INODED=NEWHON(1+0,24+ [INODED)
INODED=NEWNOD(2+04+0.5, INODED)
DUMY=VISIT(410,=1)
INODE=INTGER(POPTOP(%(99)))

CALL TERM(O.,0,s=1)

ARCCOSINE MODULE

INODED=NEWNOD(N 44, 0PRS(2), INODED)
INODEG=NEVYMOD (340, 1H#4INODED)
INODED=NEWNOD(N,+5,0PRS(3), INODED)
INODED=NEWNOD(0+6+0PRS(4)+INODED)
INODED=NEUNOD(14+0,1,INODED)
INODED=NEWNOD(O+74+0PRS(5)+INQDED)
INODED=NEWNOD(D+4+0PRS(2),INQDED)
INODED=NEWNOD(14+0414+INQDED)
INODED=NE&NOD(D+7+0PRS(5)+INCGDED)
INODE=TPTR(2)

INODED=10PCPY(INODE sLNGTH{2) , INODED)

INODED=NEWNON(1+0,2,INODED)
INODED=NEUNOD(2+:0+,0.5+INODED)
DUMY=VISIT($10,~1)
JINODE=INTGER(POPTOP(#W(99)))

CALL TERM{(D0,0,=1)

iy

INODED=NE®%NOD(O,5,0PRS(3)+INODED)
INODED=NEWNOD(N,64,0PRS(4) s INODED)
INODED=NEWNOD(14,0,1,INODED)
INODED=NEWNOD(O+3,0PRS(1)sINQDED)
INODED=NEWNOD(14041,INODED)
INODED=NEWNOD(N,7,0PRS{5)+ INGDED)
INODE=TPTR(2) ,
INODED=IOPCPY(INODEWLNGTH(2),INODED)
INODED=NEWNOD (140424 INODED)
DUMY=VISIT($10,~1)
INODE=INTGER(POPTOP(W(99)))

CALL TERM(0,0,=1)

INODED=NEWNOD(O+4,0PRS(2)4+INODED)
INODED=NEWNOD(34+041H4,INODED)
INODED=NEWNOD(0+3,0PRS(1)»INODED)
INODED=NEWNOD(N,+6,0PRS (4}, INODED)
INODED=NEWNOD(1+0,14+INODED}
INODED=NEWNOD(O+3+0PRS(1)+INODED)
INODED=NEWNOD (140,14 INODED)
INODED=NEWNOD(Q,7, OPRS(S)oINODED)
INODE=IPTR(2)
INODED—IOPCPY(INODE-LNGTH(Z).INODED)
INODED=NEWNOD(1+0,24INODED)
DUMY=VISIT($10,~1)

.-------——-----—-‘-—‘-----------‘---ﬁ-----ﬁ--------‘----------'—-
.

ARCTANGENT MQDULE
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INODE-INTGER(POPTOP(W(??)))
‘CALL TERM(O,0,=1})"

C ARCSECANT MODULE
610 . INODED=NEWNOUD(N+5,0PRS(3),INODED) .

INODED=NEWNQD(0+h+OPRS(4)+ INODED)

INODED=NEWNOD (14041, INODED)

INODED=NEVNOD(OD+5+0PRS(3), INODED)

INODED=NEWNOD(N,B8,0PRS(20)4INODED)

INGDED=NEWNOD (3,04 1H#t, INODED)

INODE=IPTR(2) :

INODED=TOPCPY (INODE LNGTH{2),INODED)

[NODEDSNEWNOD (D 7+0PRSIS5), INODED)

INODED=NEWNOND(D+440PRS(2} 4 INODED)

INODED=NE¥NOD(O,7+0PRS(5)+INODED)

INODED=IOPCPY (INODE+LNGTH(2),INODED)

INODED=NEWNOD(1+042, INODED)

INODED=NEANOD (14041, INODED)

INODED=NEYNOD(2+04+045+ INODED)

DUMY=VISIT($10,=1)

INODE=INTGER(POPTOP(W(99)))

CALL TERM(Q,0,=1)
C-_--------—a--—-----——-——---------—----u-n--;-uncnn—-u-----n-u—-—-—-—--q.
¢ ARCCOSECANT MODULE
630 INODED=NEINOD (D4, OPRS(Z).INODED)

INODED=NEWNOD (340, 1H#, INODED)

INODED=NE®NOD(Q+5,0PRS(3),+INODED)

INODED=NEWNOD(O+46+0PRS(4)» INODED)

INODED=NEWNOD(1 40414 INODED)

INODEOD=NEXNOD(D+S+0OPRS(3) s INODED)

INODED=NEWNOD(D+6L,0PRS(20),INODED)

INODEDO=NEWNQOD(3404)H#+ INODED) . b

INODE=IPTRI(2) ,

INODED=IOPCPY{INODE+LNGTH(2),INODED) : |

INODED=NE®#NOD{O+7,0PRS(S), INODED) : '

INODED=NERNOD (044,0PRS(2) 4 INODED) : .

INODED=NEWNQOD(D+7,40PRS(5)+INODED) ' . !

INODED=TOPCPY(INODELNGTH(2),INODED) - '

INODED=NEWNOD(1,0+2,INODED)

INODED=NEWNOD(1,04 1+ INODED) , :

INODED=NEYNOD(2+,0,0,54s INODED) ‘ ‘

DUMY=VISIT(S10,=1) .

INODE=INTGER(POPTOP(W(99)))

CALL TERM(B,.B,=1)

C-_----—- --------- ------——--------_.—------——-—-.--—-----——-—---—---------

C ABSOLUTE VALUE MODULE

650 PRINT 460,1NODE

660 FORMAT(® ATTEMPT TO DIFFERENTIATE DISCONTINUQOUS FUNCTION, MOD, 0OCC
=URRING IN NODE *,06y* OF LIST?) ' '

CALL WLKBCK(3) .

C"’ ........... - oy . s o - M D e v e e D U5 M S e W gy T OB am P O TP G GG S W R e ED am v D e
C HYPERBOLIC SINE MODULE
670 INODED=NEWNOD(N+54y0PRS(3)+INODED)

INODED=NEWNNOD(O+8,0PRS(22), INODED)

INODED=NEWNOD(3,041H#4INODED)

INODE=IPTR(2)

INODED=10PCPY{(INODEWLNGTH(2),INODED)

‘
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DUMY=VISIT(S10,=1)
‘THOPE=TNTGER(POPTOP(W(99)))
CALL TERM{O.N,=1)
R il bbbk L R et L L L -—-
¢ HYPERBOLIC COSINE MODULE
690 INODED= NLWNOD(D.S.OPRS(3).lNODED)
IHODED=NEWNOD(N,840PRS(21), INODED)
IHODED:NEWNOD(aoo.lHu-INODED)
INODE=1PTR(2
INODED-IOPCPY(INODFoLNGTH(Z).INODED)
DUMY=VISIT($10,=1)
INODE=INTGER(POPTOP(W(99)))
CALL TERM{(O,04=1)
(R D ettt D R L T pUpRpIppIpup:
d HYPERHOLIC TANGENT MODULFE
710 INODED=NEWNOD(0+540PRS(3) s INODED)
INONDED=NEWNOD(D+7+0PRS(5) 4+ INODED)
INODEN=NEWNOD (0484 0PRS(25) , INODED)
INODED=NEYNOD (340, 1H#t+ INODED)
INODE=IPTR(2)
INODED=IOPCPY(INODELNGTH(2),INODED)
INODED=NENNOD (14042, INODED)
DUMY=VISIT($10,~1)
INODE=INTGER(POPTOP(W(99)))
CALL TERM({N,0,=1)
c—_—---—- ------- h---&-—h----n-‘----------'—&-ﬁ-----ﬂﬁa---------'-.--“---6----
C HYPERBOLIC COTANGENT MODULE
730 INODED=NEWNOD(0+4,0PRS(2),INODED)
INODED=NEWMOD(34041H#+ INODED) "
INODEN=NEWNOD(0+S,0PRS(3)+INODED)
INODED=NEWNOD(O4+7+0PRS{(5) +INODED)
INODED=NEENOD(D,84,0PRS(26), INODED)
INODED=NEWNOD (3404 1H#4+ INODED)
INODE=IPTR(2)
INODED=10PCPY(INODELNGTH(2),INODED)
INODFED=NEWNOD (14042, INODED)
DUMY=VISIT($10,=1)
INODE=INTGER(POPTOP(W(99)}) - , _ o
CALL TERM(O,0,=1) '
C----_-—-—.— --------- - e an ok um 05 on w8 o - ay  am D s v En D R R Sk On G D N G D AR D S A ED AN Y0 ED R ek U D A S e W gu b S W e
¢ HYPERBOLIC SECANT MODULE
750 INODED=NE®XNOD(N4+4.0PRS(2)+INODED)
INODED=NEWNOD (3.0, 1H#4+INODED) V : - L
INODE=IPTR(2) '
LSECH=25 :
760 INODED=NEWNOD(045,0PRS(3)+INODED)
INODED=NEWNOD(0+8+0PRS(LSECH) , INODED)
INODED=NEWNOD(3+04,1H#, INODED)
INODEG=10PCPY(INODE,LNGTH(2),INODED)
IF(LSECH.ER,.23) GO TO 770
LSECH=23
GO TO 7640
770 DUMY=VISIT($10,=1)
INODE=INTGER(POPTOP(W(99)))
CALL TERM(O.,04=1) »

C--—---------——-c---------—--------l---'---—--—---'-----anqn-------n---c—--——-.

C  HYPERBOLIC COSECANT MODULE




780

790

800

c-_-..-..--.--—--—----—---—_--—‘--—----q.--—--a’------—-au--——--—-——--

INVERSE HYPERBOLIC SINE MODULE

¢
810

\BLo

INODED=NEYINOD (0144 ,0PRS(2)+ INODED)
SJONODED=NEWNOD (3, G-RH#oINODFD)
INODE=IPTR(2)

LCSCH=24
INODED=NEWNOD(N,5+0PRS(3)4+INODED)
INODED=NEWNOD (DA OPRS(LCSCH) s INODED)
INODED=NEWNOD(340,1H# 4 INODED)
INODED=10PCPY(INODESLNGTH(2),INODED)
IF(LCSCH.ER.24) GO TO 800 :
LCSCH=24

GO TO 790

DUMY=VISIT($10,=1)
INODE=INTGER(POPTOP(%(99)))

CALL TERM(0,0,-1)

INODED=NEWNOD(Q+5+0PRS(3)sINOQULED)
INODED=NEWNOD(0+6+0PRS(4)+INODED)
INODED=NEWNOD (14041, INODED)
INODED=NEWNOD(O+7+0PRS(5)+INODED)
INODED=NEWNQD(QO+s3+0PRS(1)+INODED)
INODED=NEWNOD(N+7+0PRS(5)+s INODED)
INODE=IPTR(2)
INODED=10PCPY(INODE, LNGTH(Z).INOOED)
INODED=NE@WNOD(1+0,2, INODED)
INODED=NE#NQD( 10,1+ INODED)
INODED=NE#®NOD(2,0+0,.5,INODED)
DUMY=VISIT(%10,-1)
INODE=INTGER(POPTOP(W(99)))

CALL TERM(0.0,=1)

C----b-—-u -------- O R e o T e SV R T Mn S o S ) s S S TU i S G ms G TR e OF G N G U b S S G S WS R W N en S an W A

C
830

C
850

INVERSE HYPERBOLIC COSINE MODULE

INODED=NEWNOD(Q+3+40PRS(1)+sINODED)
INODEN=NEWNOD (3404 1H#, INODED)
INODED=NEWNOD(0+5,0PRS(3) 4+ INODED)
INODED=NEWNOD(O,6+0PRS(4)4+INODED)
INOPDED=NEWNOD(1+841,+ INODED)
INODED=NEVWMOD(B+7+0PRS(5) s INODED)
INODED=NEXWNOD(0+4+0PRS(2),INODED)
TNODED=NEWNOD (0+7+0PRS(5) 4+ INODED )
INODE=IPTR(2)

IHODED=TOPCPY{INODE+LNGTH(2),INODED)

INODEND=NEWNOQOD(1+,0,2, INODED)
INODED=NEWMOD (140,41, INODED)
INODED=NEWNOD(2+,0+s0.5+ INODED )
DUMY=VISIT(S10,=1)
INODE=INTGER(POPTOP(W(99)))

CALL TERM(O,04=1)

C""".""" -------------- ---.—-—--—--—'-q--——---—--------—---i------

INVERSE HYPERBOLIC TANGENT MODULE

INODED=NE®NOD(D+5,0PRS(3)4+INODED)
THODED=NEVNOD(O+5+s0PRS(4) 4+ INODED)
INODED=NEWNOD(1+0414+INODED)
INODED=NEWNOD(B+4+0PRS(2)+INODED)
INODEO=NE®NQOD(14+40414INODED)
INODED=NEWNOD(0,7+0PRS(5)+INODED)
INODE=IPTR(2)

b
v

N



(B14)

INODED=IOPCPY (INONELNGTH(2)4,INODED)
(INONED=NEWNOD(14+0,2, INODED).
DUMY=VISIT(%1lie=1)
INODE=TNTGER(POPTOP(W(99)))

CALL TERM(O,0,=1)

C-__-... ............... P ) gy ...-...-..-..-_-...'-..--.-_--a-—--_...---._--‘-—--—-——-.
C INVERSE HYPERBOLIC COTANGENT MODULE
870 INODED=NEWNOD(N,4+0PRS(2) 4+ INODED)

INODEDN=NEVWNOD (3,0, JH#s INODED)
INODED=NEWMNOD(N,5s0PRS(3) s INODED)
INODED=NEWNOD(Q+64+OPRS(4)» INODED)
INODED=NEWNOD (140414 INODED)
INODED=NEYNOD(D+4+OPRS{2)+INODED)
INODED=NEWANOD(N+7+0OPRS(5)+INODED)
INODE=IPTR(2) '
INODED=IOPCPY(INODEJLNGTH(2),INODED} .
INODED=NEYWNGOD (140424 INODED)
INODED=NEWNOD (14,0414 INODED)
DUMY=VISIT($10,=1) '
INOPE=INTGER(POPTOP(W(99)))

CALL TERM(O,0,-1)

( mmmrwcccncncacnnacn- el R L L el L L L T Y ipag
c INVERSE HYPERBOLIC SECANT MODULE
890 INODED=NEWNOD(N,44,0PRS(2)+ INODED)

INODED=NEWMOD (3404 1HH#, INODED)

INODED=NEWNOD(O+5+0PRS(3)4INODED)

INODED=NEWNQOD(B+6+s0OPRS(4) 4+ INODED) :

INODED=NEWNOO(1+40414+INODED) o

INODED=NEWNOD(0+5+0OPRS(3)+sINODED)

INODE=IPTR(2) )

S INODED=TOPCPY(INODE+LNGTH(2),INODED)
INODEND=NEWNOD(O+7,0PRS(5)+INODED)
INODED=NEWNOD (044 40PRS(2)+INODED)
INODED=NEWNOD (140,41, INODED)
INODEO=NEZNOD (D47 +0PRS(5)+ INODED) .
INODED=TOPCPY(INODELNGTH(2) . INODED)
INODED=NEWNOD(140+s2, INODED)
INODED=NEWNOD(2+0+0.5+INODED)
DUMY=VISIT($1Q.s-1)
INODE=INTGER(POPTOP(HW(99)))

CALL TERM(D,Q,s=1) .
c-_------—-—-—_---—----.‘..-_- ------- --i-------ﬁ------------------_------u- .
C INVERSE HYPERBOLIC COSECANT MODULE , . : .
900 - INODED=MEWNOD(D+440PRS(2)+INODED)

INODED=NEWNOD (3 60y 1HH+ INODED)

INODED=NE®WNOD(0+5,0PRS(3),INODED)

INODED=NEWNOD (D+6+0PRS(4)+ INODED)

INODED=NEWNOD(1+Gy 14+ INODED)

INODED=NEWNOD (0 ,+5,0PRS(3) s, INODED)

INODED=NEWNOD(D+8+0PRS(20) 4, INODED)

CINODED=NEWNOD(3,0+1H44+INODED)
INODE=IPTR(2) v
INODED=IOPCPY(INODEWLNGTH(2),INODED)
INODED=NEWNOD(D,7.0PRS(5)+INODED) ’
INODED=NEXNOO (D)3 +0PRS(1)INODED)
INODED=NEWNOD (140,14 INODED)
INODED=NEWYNOD(O+7+0PRS(5)+ INODED)

.. /:J s



DLl )

INOOED:IOPCPY(INODE-LNGTH(Z)oINdDED)

JANODED=NEWNOD (14,042, 1MODED)

INODED=NEWNOD(2,0+0.5+1NODED)
DUMY=VISIT(s10,~1).
INODE=INTGER(POPTOP(W(99)))
CALL TERM(0,0,4,~1)

C-_a-------——----n—u..-.-----é--.---n-----n--'&-—-----_---n--
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END
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/FUNCTION FHNS(DUMNMY)
INTEGER FNS
RETURN . o ‘
L L e T - - o D D e W g e S5 s ke e D D Am Ge G S am T ol S m b Ge B A G S A e W G v e
ENTRY TEQOPD(IOPNDS LNGTHS)
C .TEST IF THE TWOQ OPERANDS WITH STARTING ADDRESSES IN IOPNDS
¢ ARRAY & OF LENGTHS STORED IN.LNGTHS ARRAY ARE IDENTICAL
_ DIMENSION IOPNRS(2)+LNGTHS(2)
C ARE THE OPERANDS OF EQUAL LENGTH?
{F(LNGTHS (1) NE.LNGTHS(2)) GO TO 3
S I=10PNDS(1)

J=TOPNDS(2)
K=0 .
C SCAN OPERANDS RIGHTWARDS COMPARING THEIR NODES FOR EQUALITY
| IFUINHALT(I+1) NEJINHALT(J+1)) GO TO 3
TFCINHALT(1+42) JNEJINHALT(JU+2)) GO TO 3
K=K+

IF(K.GE.LNGTHS(1)) 60 TO 2
I=MADRGT (1) :
J=MADRGT (J) . : o

GO TO 1
C OPERANDS ARE EQUAL
2 FNS=0

RETURN
C OPERANDS NOT EQUAL
k) FNS==1

RETURN

C"-“"-ﬁ"“"-"""'""'"‘“""--"------"--"—-""-'-"-"‘-""""'--"-"---".,----" ----- o - - -
ENTRY NCODE (INODE) _
C ACCESS CONTENTS OF CODE FIELD OF 'NODE POINTED TO BY INODE s
o FNS-INTGER(GETMRK(INODE)) ‘
RETURN
o e ittt kbt b D R L L DD D e L L D e e L LT
ENTRY NDAT(INODE) , o .
C ACCESS DATUM FIELD OF NODE POINTED TO BY INODE S ‘ ¢
FNS=INHALT(INODE+2) . .
RETURHN ' : :
(em<emocceacne- R et L L LD e e L e L LD Ll L L DL LT Il Dl
. ENTRY NEWNOD(ICODE,IPREC,IDAT,JNODE)
C° INSERT ARGUMENTS IN CODE, PREC & DATUM FIELDS RESPECTIVELY :
C OF A NEW NOUDE INSERTED NEXT TO THAT POINTED TO BY JNODE o ;
¢ KRETURN ADDRESS OF NEw NODE AS FUNCTION VALUE -
FNS= NXTRGT(IDAT,JNODE)
IF(ICODE . NE,=1) DUMY=PUTMRK(ICODE FNS)
IF(IPREC.ME,=~1) DUMY=PUTFLG(IPREC,FNS)
RETURN : '
c‘----—‘---ﬁ--------‘----~—--------4-i‘----------“-------------- ----- -
EMTRY NPREC(INODE)
¢ ACCESS COMNTENTS OF PREC FIELD OF NODE POINTED To BY INODE
FNS=INTGER(GETFLG(INODE)) '
RETURN , 4 : ~
END ) . , 4 ) ’ R
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FUNCTION FNT(DUMMY )
INTEGER FNT . | | .
RETURN ;

ENTRY HANDLE(NBEG NEND s LENGTH ).

THIS SUHBROUTINE FLOANCHARTED IN APPENDIX C

MBEG IS STARTING ADDRESS OF POLISH PREFIX ORDERED OPERAND T0 BE

DELINEATED., :

UPON COMPLETION OF PROCESSs NFMD HOLDS ADDRESS OF LAST NODE OF

OPERAND & LENGTH THE NUMBER OF MODES 1IN IT. ' :

KOPTR IS COUNT OF NUMBER OF OPERATORS IN OPERAND AS IT IS SCANNED

& KOPND 1S COUNT OF NUMBER OF NOLES IN OPERAND THAT ARE NOT

OPERATORS AS IT IS SCANNED RIGHTWARDS ,

HMOPND IS TOTAL NUMBER OF UNIT LENGTH OPERANDS REQUIRED IMN PREFIX

OPERAND AS IT 1S SCANNED, THIS INCREASES WITH EVERY OPERATOR IN '

OPERAND EXPRESSION o o _ . ' o '

FNT=NEMD : |

NTEMP=NBEG ' ’
KOPTR=0
KOPND=0

-~ NOPND=1 :

1 IF(NCODE(NTENP).ER,O0) GO TO 2

KOPND=KOPND+] ' : . : _ : ,

_ GO TOo 3 ' ' ) X ‘

2 . KOPTR=KOPTR+! ; . ’
NOPND=NOPND+ ] v , , :

3 IF(KOPND,LT,NOPND) GO TO 4 ' : - o
LENGTH=2eKOPTR+1 o : ‘
NEND=NTEMP
RETURN .

4 NTEMP=MADRGT(NTEMP)

GO TO 1

Coarace= - o - - > = - - = = - - - - s o S D o T wp e D e D W G =
ENTRY 10PCPY(IUNDIF LENGTH,IDIF)

C COPY OPERAND OF LENGTH *LENGTH®* STARTING AT NODE POINTED TO 8Y

C *IUNDIF®* INTO NEW NODES INSERTED TO RIGHT OF THAT POINTED 'TO BY IDIF
I=IUNDIF : - .

DO S J=1+LENGTH ' ' o :
IDIF=NEWNOD(NCODE(I)yNPREC(I)NOATLI)IDIF)
DUMY=PUTHAF (GETHAF (1) 4IDIF) , _ _ i

OO0 O

..._..._.._-“-.-.-

) I=MADRGT (1)

C VALUE IS THE LAST CELL OF THE COPIED OPERAND
FNT =I01F ‘
RETURN .

C---------.-----------ﬁ-ﬁ------h--.--’------6--'----------‘---;..---—-------lu

ENTRY ISYNTX(LST)

I=LHKR(LOCT(LST))

KOPTR=0 _ : : ,:

KOPND=0 c ' _ : .l
b IF(KOPTR+1.LT.,KOPND) GO TO 9

I=MADRGT (1)

IF(ID(1).EQ,2) GO TO 8

IF(NCONDE(I),EQ.0) GO TO 7 : o ‘

KOPND=KOPND+1 - o ' o . ‘

GO TO & . : ' o ]
7 KOPTR=KOPTR+1 - !

GO TO & ' :




Rt

. FHT=0
RETURN
9 FNT==]
RETURN

B IF (KOPTR+1,HE.KOPND) GO TO 9 | -
END '
. '

|

|
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IF(NCODE(NODE)) 70

INTEGER FNU
COMHMON /SLIP/ w(1l00)
RETURN

- o S D b rn G am b em e T e TR P s T G T e SR MR TE AN R B N G e eh G P GRS g Y AR G e D D Y D e T G TP b e b an

ENTRY INFORD(LSTIN,LSTOUT)

CONVERSION OF POLISH PREFIX LIST LSTIN TO INFIX LIST TO BE CREATED
W1TH NAME LSTOUT : ' .
THIS ROUTINE ADAPTED FROM FLOWCHART IN FIG., 9 OF TEXT EXCEPT o
THAT LISTS RATHER THAN ARRAYS ARE USED, '

IS POINTER TRAVERSING 'INPUT LIST,I10UT IS POINTER IN QUTPUT

LIST. W(99) IS USED AS PUSH DOWN STACK., THE POINTERS TO THE
OPFERANDS AT ANY STAGE ARE DETERMINED B8Y THE HANDLE ROUTIME .& ARE
STORED IN THE IPTR ARRAY,

DIMENSION IPTR(2)
IFCISYNTX(LOCT(LSTIN)) NE.AQ) GO TO 135
ITIN=MADRGTILNKR(LSTIN)) :

CREATE LIST FOR OUTPUT INFIX ORDERED EXPRESSION

IOUT=LNKR(LIST(LSTOUT))
FNU=LSTOUT

"IF{NCODE(IIN).ER.0) GO TO i0

IOUT=IOPCPY(IIN.1.IOUT)
RETURN

DUMY= VISIT($200'1!
RETURN

"ITEMP=I11MN

DO 30 I=1,2
IPTR(II)=MADRGT(ITEMP)

CALL HANDLE(IPTR(I)+ITEMP,1IDUM)
IHD=1

IPAR=0

NODE=IPTR(IND)

B t
: - : ?
FUNCTION FNU(DUMMY) ; )
|

IF(NDAT(NODF) .NE LHH) IOUT-IOPCPY(NODE'luIOUT)
IFCIND,EQ@.2) CALL TERM(O,04=1)

1HD=2

IIN=MADLFT(IPTR(1))
IQUT=T0PCPY(IINsI,I0UT)

GO TO 50 '

IF(NPREC(NODE) .GT, NPREC(IXN)) GO TO 110
IDUM=NDAT(TIN)

IF{NPREC(NODE) LT.NPREC(IIM)) GO TO 80
IF(IDUMJEQs1H+,0R.,IDUM,EQ.1He) GO TO 110
IF(CIND.EQ.1) GO To 110

IPAR=1

10UT= NEWNOD(D-Z-IH(.IOUT)

DO 120 I=1,2 -
IDUM=NEWTOP(IPTR(I)W(991)) B
IDUM=NEWTOP (IND W (99))

I0UM= NEWTUP(IPAR.W(99))

T1IN=HODE

DUMY=VISIT(%20,=1)
IPAR=INTGER(POPTOP(W(99)))

IF{IPARVEQ. 1) TOUT=NEWNOD(OVLo1H) 4 IOUT)
IND-INTGER(POPTOP(W(99)))

DO 130 I=241s=]
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130 IPTREII=INTGER(PUPTOP(W(99)))
GO To 60
135 PRINT 901,.,LSTIN

. 901 RORMAT(//* POLISH PREFIX=-ORDERED LIST *4012s¢ SYNTACTICALLY IHCORR

-ECT?*)
CALL WLKBCK(2)

C- ————— - dn o n - , --—-—-------?-—----—-—o'------ﬁ—-—---—---u——n-—'-—--—--—--'-.,--

ENTRY IRALEX(MNAME)
C DELETE EXPRESSIOMN WITH LIST NAME *NANE?¢ ,
C THIS 1S AS IRALST OF SLIP BUT INFORMATION ON COLLATOR LIST
C RELATING TO THE EXPRESSION IS ALSO REMOVED
NHOR=ULNKR(NAME)
IT=LNKR(I(W(100))
140 I=MADRGT(I)
IFLID(I).EQ,2) GO TO 150 : :
IFUINTGER(GETHAF (1)) NELNHDRY GO TO 140
DUMY=DELETFE(I)
150 FNU =IRALST(NAME)
RETURN )

C--—_------—---—-—-hu -------- ----.‘.-----‘-ﬂﬁ---uu—ﬂu--.-----.'-------u-----‘ .

ENTRY NDIF(INQDE,INODED DIFVAR)
TH1S IS THE DERIVATIVE FUNCTION FOR AN OPERAND OF SINGLE LENGTH
SEE FLOWCHART IN APPENDIX C. -
INODE 1S POINTER TN OPERAND TO BE.OIFFERENTIATED
INODED IS POINTER TO BOTTOM OF DERIVATIVE LIST
OIFVAR 1S HOLLERITH NAME OF VARIABLE OF DIFFERENTIATION
IS DATUM A NULL OPERAND?
IF(NDAT(INODE).EQ.*H#*) GO TO 170
IS OPERAND THE VARIABLE OF DIFFERENTIATION?
NC=NCODE( INODE)
IFI(NC,EQR.4.AND ,NDAT(INODE) .EQ.,INTGER(DIFVAR)) GO TO 140
C 1S THIS A SUBEXPRESSION NODE? S x
" IF(INTGER(GETHAF(INODE)) .NE,0) GO TO 180
C- NODE IS NONE OF ABOVE SO A CONSTANT ~ DERIVATIVE IS ZERO
155 FNU =NEWNOD(1, 0,0,INODED) '
RETURN
C NODE IS VARIABLE SO DERIVATIVE 1S I
160 FNU =MEWNOD(1, O41,4INODED)
' RETURN _
C NODE 1S5 NULL OPERAMD SO DERIVATIVE IS AS WELL
170 FNU =NEWNOD(3, O,NDAT{(INODE),INODED)
_ RETURN . : )
" C NODE IS SUBEXPRESSION REFERENCE: OBTAIN ADDRESS OF SUBEXPR, HEADER.
180 LSTDIF=INTGER(GETHAF ( INODE})) : S :
CONVERT TO NAME~FORMAT
CALL SETDIR(~-1,LSTDIF.LSTDIF,LSTDIF)
C SEARCH DL OF SUBLIST FOR ATTRIBUTE DIFVAR & RETURN CORRESPONDING
€ VALUE WHICH IS DERIVATIVE OF LSTDIF IF 1T EXISTSe O OTHERWISE
LSTDIF=ITSVAL(DIFVARWLSTDIF) ' '
C HAS SUBEXPRESSION YET BEEM DIFFERENTIATED?
IF(LSTDIF.ER.O0) GO TO 200
. € SEARCH COLLATOR LIST FOR TAG CORRESPONDING TO POINTER TO DERIVATIVE
C OF SUBEXPRESSION
' I=LNKR(W(100))
190 - 1=MADRGTI(1). X
IF(ID(I).EQ,2) GO TO 200 . :
IFCINTGER(GETHAF (1)) ,NELLSTDIF) GO TO 190

OOOOOO

[a)
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C NEw NODE ON DERIVATIVE LIST HAS TAG & POINTER OF DFRIVATIVE oF
C SUBLXPREQSION .
FNU =NFEUNOD(4+Q0WNDAT (1) INODED)
DUMY=PUTHAF (LSTDIF+FNU )
: RETURN ~ : _
C SUBEXPRESSION REFERENCED IN IMNODE NOT YET DIFFERENTIATED: ERKOR
200 NNME=NDAT(INODE) ’
PRINT 9D2,NNMEDIFVAR C
902 FORMAT(' THE. REFERENCED SURBLIST *,A64s* HAS NOT BEEN DIFFEREMTIATED
- WITH RESPECT TO VARIABLE *,As) ’ '
GO TO 155

ENTRY PREORD(LSTIN,LSTOUT) : '
THIS FUNCTION ADAPTED FROM FLOWCHART IN FIG 8 OF TEXT EXCEPT THAT
LISTS RATHER THAN ARRAYS ARE USED ’

1IN IS POINTER TRAVERSING INPUT LIST
IOUT IS POINTER IM OUTPUT LIST
W(99) IS USED AS THE PUSHDOWN STACK
LSTIN IS INPUT INFIX ORDERED LIST, LSTOUT IS NAME OF LIST TO
BE CREATED FOR OUTPUT POLISH PREFIX EXPRESSION
LSTIN IS SCANNED LEFTWARDS a LSTOUT BUILT UP IN SAME DIRECTIOM
' IIN=LNKR(LSTIN)
IOUT=LNKR(LIST(LSTOUT))
FNU=LSTOUT
¢ INSERT PARENTHESES®AROUND INPUT EXPRESSION
IDUM=NEYWNOD(B+241H(,1IN)
TOUM=MADLFT(IIN)
IDUM=NEWNOD (Ol olH) 4y IDUM)
220 JIIN=MADLFTU(IIN)
IFI(NCODE(IIN)}LEQR,0) GO TO 230
IOUT=NXTLFT(NDAT(IIN),I0UT)
DUMY=PUTFLGINPRECIIIN)IOUT)
DUMY=PUTHAF (GETHAF(TIN),10UT)
DUMY= PUTHRK(NCODt(IIN).IOUT)
. GO TO 220
230 IF(NDAT(IIN) MEL*)*) GO TO 250
240 IDUM=NEWTOP (IINW(99))
GO TO 220
250  IF(NPREC(IIN).GE.NPREC(TOP(W(99)))) GO TO 260
IDUM=INTGER(POPTOP((99)))
IOUT=NXTLFT(NDAT(IDUM),I0UT)
DUMY=PUTFLG(NPREC(IDUM),10UT)
DUMY=PUTHAF (GETHAF (IDUM),I0UT)
DUMY=PUTMRK(NCODE(IDUM) s I0UT)
GO TO 250
260 IF(NDAT(IIN).NE.*(*) GO TO 240 . _
IF( WNOATU(TOP(WI(99))).NEL*)?) GO TO 240 o ;
DUMY=POPTOP(MW(99)) ' '
IF(LISTMT(W(991).NE.O) GO TO 220
IDUM=LMKR(LSTIN) ‘ - i
C DELETE PARENTHESES INSERTED AROUND INPUT EXPRESSION BEFORE ALGORITHM
C YAS STARTED. . : '
DUMY=DELETE(LNKR(CONT(IDUM)))
DUMY=DELETE(LNKL(CONT(IDUM)))
RETURN
END

aNaNeEaNaNaNasNaNal
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SUBROUTIME PRMTEX(LSTINLIDEL)
A FLOWCHART OF THE PRINT ROUTINE APPEARS IN APPENDIX C.
COMMON /SLIP/ZL(1NN)
COMMON /IODIFN/CP,LP,RP,RLANK
INTEGER LP(3)sRP(3)BLANK WORDRUFFER(3).1BUF(3)
PRTRUF 1S THE OUTPUT RUFFER OF 126 CHARACTERS
Cp IS ARRAY OF MASKS TO ACCESS THE SIXTHS OF A MORD
RUFFER 1S THE TEMPORARY VARIABLE PRUFFER :
IRUF IS USED IN CONVERSION OF NUMBERS TO HOLLERITH FORMAT
LP 8 RP ARE THE TABLES OF ALTERNATIVE TYPES OF PARENTHESES
ALLOYED
DIMENSION PRTBUF(?I).CP(b) w
FORMAT(IHQ21A6)
FORMAT( )
FORMATI(//7/)
FORMAT(®* INTERNAL NAME OF EXPRESSION UNYNOWN')
MAME=LMKR(LSTIN)
CALL TRCOFF
CALL INFORD(LSTIN,LSTOUT)
NEXT=LNKR(LSTOUT)
I=LNKR(W(100))
I=MADRGT (1)
IF(ID(I).ER,2) GO TO S&
IF(INTGER(FETHAF(I)).NE NAME) GO TO 1S
NAME=NDATII)
[=NEWNOD(440.NAME NEXT)
T=NESNOD (4,00 1H=41)
IF(IDEL.ER«9) GO TO 16
IDUM=TRALEX(LSTIN)
INITIALISATION >
Iv=1 '
IC=1
LEFT=126
N0 2N 1=1,21
PRTBUF (1 )=REALNO(BLANK)
IDELIM=D
1SUBL=0
KPAR=0
PO 30 I=1.,3
IBUF(1)=BLANK
BUFFER(1)=BLANK

i

C----ﬁ-Q-ﬂ_--“-—-~---~---‘v‘------ﬁ----?-.-‘ﬂ--vﬂ-------i-~ﬁ'----_--ﬂ--‘-—--

C
40

C
50

60

RIGHTWARD SCAN OF LIST
NEXT=MADRGT (NEXT)
IFLIDINEXT)  NEL2) GO TO &0
IRET=1 '
GO TO 70

TERMINATION
PRINT 900,PRTBUF
PRINT 902
INUM=TRALST(LSTOUT)
RETURN
PRINT 903
CALL WLKBCK(2)

|

CHECK WHICH MODULE TO PROCEED ToO
ICODE=NCODE(NEXT)

)
:
f
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¢ Is NODE A RASIC OPERATOR NODE? ' ' \
TF(ICODE.EQ.O.AND, (NPREC(NEXT).GE.3.AND. NPREC(NEKT).LE 7))GOT0 110
C 1S NODE A LEFT PARENTHESIS NODE? ' ‘
~+ IF(ICODE.EN,O0.AHND.NPRECINEXT).EQ.2) GO TO 13n - f
C:- 1S MODE A RIGHT PARFHNTHESIS NODE?
IF(ICODE.EQ.,N.AND.NPRECINEXT) . EQ.1) GO TO 150
¢ 15 NODE A SUBLIST REFERENCE? 4
IFCINTGER(GETHAFINEXT))NE,.O) I1SUBL=I a o
C. NODE MUST HAVE ORNINARY ALPHABETIC OR NUMERIC ITEM o
GO TO 170

c- ----------- -----———--ﬁ-i---------iﬂﬁ‘ﬂ‘ﬂﬁﬁ------‘.‘-‘ﬁﬁﬁ------;-----b-ﬁ.v .

C INSERTION INTO PRINT BUFFER

70 IF(NUMRER.GT.LEFT) GO TO 200
a0 NUMBER=NUMBER=1

DO 90 '1=0.NUMBER

TWS=1/64+1

15=MOD(Tsb)+1 _
ISYM=INTGER(SROUT(CP(IS) BUFFER(INS) ) ' , -
PRTBUF (IW)=SQIN(CP(IC)sISYMyPRTBUF(IW)) :
1C=1C+1
IF(IC.LE.6) GO TO 90 : .
Ty=1W+] : - o oot
1C=1 ' ; :
90 = CONTINUE

LEFT=LEFT~-NUMBER=]

PO 100 I=1,3
10n RUFFER(T)I=BLANK :

GO TO (50-120-140.160.180.181.190)-IRET. , o

(:...cn-------.-...n--.--.--.t-------H-n.--u-----.d-----h..-ﬁ.ﬁ-n-.--.------—--.-n--l
C NODE HAD ONE OF THE BINARY OPERATORS ' .Q@)
1tn IF(BUFFER(1).EQ.BLANK) GO TO 120 ' ' ‘
C EMPTY VARIABLE BUFFER INTO PRINT BUFFER

IRET=2

GO TO 70
12n BUFFER(1)=NDAT(NEXT)

MUMARER=]

"IDELIM=1

GO TO 40

('--—-----—-----—-----——-----—-n----------—-------ﬁ------—-h--a--‘-----—--‘

C NODE HAND A LEFT PARENTHESIS
130 IF(BUFFER(I1).EQR.BLANK)Y GO TO 140
C EMPTY VARIABLE RUFFER INTO PRINT BUFFER

, GO T0' 70

140 KPAR=KPAR+] _ g .

1=MOD(KPAR2) 4] . L _ i
¥
i

IRET=3 S "" o . !
|

BUFFER(1)=LP(TI)
NUMBER=1
IDELIM=1
GO TO 40

C ----------- - e en e n W - R CR Gh G T oan S an e e gy O gy n A v an R G W B S N A W S O T g e % e b b B D A E en T e T e YR S A e e
¢ NODE HAD A RIGHT PARENTHESIS : . . o i
160 IF(BUFFER(1).EQ.BLANK) GO TO 160 _ : ~
C EMPTY VARIABLE BUFFER INTO PRINT BUFFER oo,
IRET=4
GO ToO .70
16N . 1=MOD(KPAR,2)+1



\B24

AUFFERC1I=RP (1)
‘KPAR=KPAR=1

NUMRER= 1
IDELIM=1 .
GO TO 40

C-—-----—---d—-ﬁ--------_---------------—-----‘------ﬁ----ﬁ_-d--------..-

C NODPE HAD AN ALPHANUMERIC NDATUM
170 IF(BUFFERt1I).EQ.BLANK) GO TO 180
¢ EMPTY VARIABLE BUFFER INTO PRINT BUFFER
IRET=5
G0 To 70
180 IFCIDELIM.EA.1)Y GO TO 181 .
€ INSERTION OF NECESSARY BLANK INTO PRINT BUFFER
NUMRER=1 '
IDELIM=1
" IRET=6
- 60 TO 70 o
181 IF(ISURL.EQ.Q0) GO TO-190 _
C IF NODE A SURLIST NODE INSERT $ INTO PRINT BUFFER
NUMBRER=
BUFFER(1)=1HS
IRET=7
- GO TO 70 .
19n ORD=NDAT(NEXT) : .
IFINCODE(NEXT) .EQ.1) GO TO 193
IF{NCODE(NEXT).EQ.2) GO TO 194
1sT=1
NUMBER=0

C INSERTION OF CHARACTERS OF NODE DATUM INTO VARIABLE BUFFER

C _COUNT OF THEIR NUMBER MAINMTAINED

191 ISYM=INTGER(SQOUT(CP(IST)+WORD))
IF(ISYM,ER.5) GO TO 192
NUMBER=NUMBER+ |
IST=1ST+1

) 1IF(IST.LE.&) GO TO 191

192 BUFFER(]1)=WORD
GO TO 199

¢ DATUM 1S INTEGER SO ENCODE INTO HOLLERITH CHARACTERS

193 ENCODE(18, 901.IBUF.NUMBER) VWORD
60 TO 195

194 RWORND=REALNO(WORD)

€ DATuM 1S A REAL NUMBER SO ENCODE INTO HOLLERITH CHARACTERS

ENCONDE(18,+901,IBUF+NUMBER) RWORD

C RIGHT JUSTIFY CHARACTERS OF NUMBER & INSERT. IN VARIABLE BUFFER

195 N¥i= |
NC=1
LESS=0 -
NUMBER=NUMBER=1
DO 197 1=0.,NUMBER
ws-1/6+1
=MOD (146041
ISYM INTGER(SQOUT(CP(NS).anF(NWS)))
IF(ISYM.,NE.5) GO TO 194
LESS=LESS+]
GO TO 197
1954 BUFFER(NW)I=INTGER(SQIN(CP(NC) +ISYM, BUFFER(NW)))

NC=NC+1 .

e g o o e v A 3

g e - =

o 1 e Mt~ e e - p—————— = —— ——

et e s



‘\Beo) _ - :

IFINC.LE.4) . GO TO 197

WA=NE+ ] ‘ _ = ‘

NC=1
197 CONTINUE .

NUMBER=NUMBER+ 1 =LESS

DO 198 I=1,3
198 IBUF(1)=RBLANK o ‘
199- IDELIM=0 ' . : ' !

ISUBL=DN - ' : '

GO TO 40
C--.-......-------‘..-----n_----—-----n--_--i--..-’-i----—-—i.-----ﬁ---;--—.;-----'--——'
C EMPTY THE FULL PRINT BUFFER & REINITIALISE
200 RPRINT 900,PRTAUF ' : .

. I ELE-N| .

1C=1 :

LEFT=126

D0 210 I=1,21
21n PRTBUF (I )=REALNO(BLANK)

GO YO 80

END
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CRDBUF 1S THE CARD BUFFER OF 78 *COLUMNS?,

\ "

COMPILER (DATA=SHORT)
FUNCTION READEX(IPRT) : X .
E DERIV INPUT ROUTINE S . {
. |
IS THE ARRAY OF MASKS YSED TO ACCESS ALL THE SIXTHS OF A YORD
& RP ARE THE LEFT & RIGHT PARENTHESIS TABLES, ALLOWING FOR VARIOUS!

TYPES. DELIM IS THF TARLE OF ALLOWABLE DELIMITER SYMBOLS, _ !
OPRS IS THE OPERATOR TABLE, RES 1S THE TABLE OF RESERVED WORDS
WCH AS *PI*'), NALL IS THE TABLE OF SYMBOLS WHICH ARE NOT ALLOWED

A CARD.+ HERE REPRESENTED IM OCTAL CODE.

COMMON /SLIP/Z™(100)
COMMON /I1ODIFN/CP,LP,RP.BLANK,DELIM,0PRS,RES
DIMENSION CP(6)/077000000000n107700000000.o7700nnno.0770000.07700n
=077/ HALL(14)/7003,004,044+044,052,053+105440544057,072,073,0764+077/!
DIMENSION CRDRUF(13) . . [
INTEGER OPRS(40)/1H+ IH=y1H*IH/y1H! 4 2HLN3HLOG,3HSIN,3HCOS,3HTAN! -
=+3HCOT+3HSEC+3HCSCs4HASIN ) 4HACOS 1 4HATAN J4HACNAT s 4HASEC, 4HACSC » 3HMOD
=~ HHSTINHI4HCOSH AHTANH s 4HCOTH , 4HSECH s 4HCSCH+ SHASINH s 5HACOS HySHATANHI
=+ SHACOTH,SHASECH s SHACSCH/WRES(10)/1H8 4 IHE s 2HRI W 1HI/ |
INTEGER LP(3)/1H(1HSyIHC/WRP(3)/1H) s 1H> 4 IHI/+BLANK/IH /,1END/IRR/
-.SYMDOL +WORD, PLACE.DECPTQBUFFER(3) I
INTEGER DELIM(15)/1R .1R+.1R—.1R-.1R/.1R'.1R(.1R<.1RE.1R).1R>.1RJA
DATA TOPRSWIRESINALLWIDELIM/32,4413414/ -
FORMAT( ) {
FORMAT(13Ab6,1X4A1) [
FORMAT(IH +13A6) !
EATE TEMPORARY LIST FOR INPUT INFIX EXPRESSION . .i
IHDR=LNKR(LIST(STACK)) , : o
|
i

!
t
!
!
|
i

INODE=1HDR
ITIALISATION
1s=1

1viS=]

IST=0
PLACE=BLANK
WORD=BLANK
IGNORE=0
ISUBL=N .
LNAME=1 ‘ : i
KLP=n ' : - , ' : : : !
KRP=0 : :

KOPNMD==1

KOPTR=0

NUMBG=0

 DECPTA=0

0o 10 1=1,3
RUFFER(I)=BLANK

C-----_—-—--o—--- ----- T R kBB e O S S D S SN G P S S ey TP i W A P BB WS TR e e W D YE e ap S e

c - Fl1
20

Cc Iw
C IC
30
40

LL CARD BUFFER FROM A CARD

READ 900.CRNBUF,ICONT

TF(IPRTWNES9) GO TO 30

PRINT 901,CRDBUF

COUNTS WORDS OF CARD BUFFER THAT CURRENTLY CONSIDERIN
COUNTS SYMBOLS OF EACH WORD OF THE CARD BUFFER

1¥=]

IC=1
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C ------- - ey us o W ow -—------——o--—-----------.-------u-u.--.--—----ﬂ---n ------ - o b

C. SCANMING & RECOGNITION MODILE _
50 ISYM=INTGER(SAOUT(CP(IC) CRDHUF (1.4} 1))
IFCISYM,EQ.TEND) GO TO 380
IF(LNAME,.EQ.0) GO TO 5§
IFCISYMJNELINTGER(IR=)) GO TO 55
ISYM=DELIM(1) : A :
GO To 120 o _ v : x

55 ° DO 40 I=1,INALL , o .
IFCISYMJEQ.NALL(TY)) GO TO 400
40 CONTINUE :

DO 65 I=1,INELIM
IF(ISYMJEQR.DELIM(I)) GO TO 120

45 CONTINUE

C RECOGNITION STAGE FOR ALPHAN&RIC VARTABLES 'REALS OR INTEGERS,

. C SEE FIGURE 16 IN TEXT FOR FLOWCHART :
IF(IS.NE.1) GO TO 90
TF(ISYM.EQ.INTGER(IRS)) GO To 70
IFLISYM.GE.IROLAND.ISYM,LE,IR9) NUMBQ=]
IF{ISYMJEQWINTGER(IR,)) DECPTQ=DECPTR+!

G0 To 120
70 1SuUBL=]
‘ 60 To 150
90 IF(NUMBQ.ME.1) GO TO 120

IF{ISYM.GE.IRO,AND,ISYM.LE,1R9) GO TO 120
IF(ISYMJEA.INTGER(IR,)) GO To 110 '
NUMBO=D
. GO TO 120
11N DECPTO=DECPTQ+1
c-----..— ------- --—---—--.--..—-—--..—------..-a--—----.--—-—----—------—---—--
¢ RECOGNITION OF DELIMITERS .
12n SYMBOL=INTGER(SQIN(CP(4)4,1SYM, PLACE))
ISYMAL=LANORM(SYNBOL )
IF(ISYMBL.EQ@.BLANK) GO TO 180
NO 130 I=1,3 ,
IF(ISYMBL.EQ.LP(I)) GO TO 19n ' : . {
IF(ISYMBL.ER.RP(I)) GO TO 210
13n CONTINUE
DO 140 I0PTR=1,5 .
IF(ISYMAL.EQ.OPRS(IOPYR)) GO TO 230
14n CONTINUE . N ,
C NON=DELIMITER ENCOUNTERED
GO TO 260
C-..-_c- ----- --—-u---.i—-——--—--——----s.-----———--o-—--_'------n-—---a---—-—--
€ CHECK FOR END OF WORD & END OF BUFFER BEFORE CONTINUING SCAN
150 IF(IC.ER.6) GO TO 160 , ,
IC=1C+1 _ - - {
S G0 TO 50 v ' '
160 IF(I%,LT.13) GO TO 170
IF(ICONT.EQ.BLANK) GO TO 380
GO TO 20
17n ITH=1t+ |
GO TO 40
(=mmecmcam= --—-------—-vu-.—---—-—-b-.-i-------—-f-—a-.}.—---------—---’-a---—-
¢ HALANK DELIMITER MODULE ' : B} . :
18N IF(VORDJEQ.BLANK) GO TO 150 ,
IRET=1 : ' , - S ;

— s e il s e

T




GO Tn 300

C—_---F-—--~-n-—---t-----0---—---------n-n——-----—---—-—----—----—---.-.----w

€ LFFT PAREMNTHESIS MONULE "

190 IF(MORDLEG.BLANK) GO TO 200 : . , ‘

IRET=2 ' _ . '

. GO TO 30n . !

20n INODE=NEWNOD (0, 24 1H(4 INODE) ‘ ' ' -
KLP= LP+1 : :

GO TO 15 - _ ‘ !

(acacncccanamen --..--_---e------..---_-..--a------.-----..----------..-----'-_--:..-i

C RIGHT PARENTHESIS MODULE
21n IF(¥ORD.EG.BLANK) GO TQ 220

IRET=3 '

GO To 300 A o
220 INODE=NEWNOD(O.1,41H), INODE) : , _ t

KRP=KRP+] _ 3

GO TO 150 ' : ' '
c---- ------ --—-——--------—----—-—-...--—--------—--—_—-a------------------
€ 'BINARY* OPFRATOR DELIMITER
230 . IF(WORDJEQ.BLANK) GO TO 240

IRET=4

GO TOo 30N
24n IFCISYMBL.NE.OPRS( L) AND,ISYMBL . NEL,OPRS(2)) GO TO 250
: IF(LISTMT(STACK).EQ.D) GO TO 245 : »

"IF(NPREC(MADLFT(INDORI)I LTV2) GO TO 250
“C + OR = YAS UNARY! INSERT NULL OPERAND
245 INODE=NEWNOD(3,041H#,INODE)

KOPND=KOPND+ | o ,
€ CREATE OPERATOR NODE IN LIST
2sn INODE= NEWNOD(O.IOPTR+2.0PRS(IOPTR)oINODE)

KOPTR=KOPTR+ 1 -

GO TO 150
Cﬁ-0-.-...--ﬁ_--—---------—-———------.—---n-n-----------n---‘-----------l-—--
C SYMBOL FNCOUNTERED. ADD TO TEMPORARY BUFFER 'WORD?,
€ SYNTACTICAL CHECKS _ o
260 © IF(1S.GT.6) GO TO 280
270 GORD=INTGER(SHIN(A6,SYMBOL s WORD)I
271 1S=15+1

CIF{NUMBR.EG.1) IST=IST+l

IF(DECPTR.GT.1) GO TO 410
: GO TO 150
280 IF{NUMBO.EQ,1) GO TO 290

IF{IGNORE.EQ.1) GO. TO 150

IGNORE=1
: . GO0 TO 430
290 IF(IWS,EQ.3) GO TO 420
' BUFFER(IWS)=WORD

WORD=BLANK - -~ _

1s=0 . ; o,

IWS=1wS+] T .

GO To 270 - . ' g {
Crrormmmcecmne cem———- Sttt b L L LD LD LT EE LT PR PP R T e
C INSERTIOM OF TEMPORARY BUFFER INTO LIST . ' , {
3aon IF(LNAME.EQ,0) GO TO 304 : : |
€ SAVE EXPRESSION TAG - :

INTNAM=LANORM(WORD) . . : ' o

LNAME=0 S L _ o f

|
|
|
[
{ .
{
[
N
|
{
f
(
f
[

e e e o ——r—— i . T 1o . . b o o .




GO TO 370
304 AIF(ISURL.EN,N) GO TO 309
C SUBLIST REFEREMCE INPUT! CHECK THAT SUBLIST EXISTS
I=LNKR(%(100)) :
' MORD=LANORM(NORD)
3ins I=MADRGT (1) o N _
IF(IN(I)ER.2) GO TO 440 _ K
IF(WORD.NEJNDAT(I)) GO TO 306
C CREATE SURBLIST NODE
INODE=MEWNOD(4,04%0RD, INODE)
DUMY=PUTHAF (GETHAF (1), INODE) : : « o :
ISURL=D ‘ : ‘
‘60 TO 370 - , |
3N9 IFINUMBR.E®R, 1) GO TO 380 - ‘
DO 310 IO0PRR=6,10PRS
IF(LANORM(WORD).EQR.,OPRS(IOPRR) ) GO TO 330 . }
31N CONTINUE ' - ‘
DO 320 [=24+1RES v :
IF(YORND.ER.RES(I)) GO TO 340 _ : : ;
32n CONTINUE
C CREATE VARIABLE MODE ' ' o
INODE=NEWNOO(44,0,LANORM(¥ORD) + INODE) : E !
. GO0 TO 370 _ :
C CREATE NULL OPERAND & OPERATOR NODES (ONE OF °*UNARY' FUNCTIONS
¢ ENCOUNTERED) o ,
33n INODE=MEWNOD (3,0, 1H#, INODE)
INODE=NEHYNOD(O0+H4,0PRS(IOPRR),INODE)
 KOPTR=FOPTR+1 '
GO To 370
¢ CREATE RESERVED WORND NODE
34n INODE=NEWNOD(3+40sLANORM(WORD ), INODE )
GO TO 370
'C  NUMDER ENCOUNTERED
asn RUFFER(IWS)=LANORM(VORD)
_ IF(DECPTA.EQ.1) GO TO 360
C DECODE INTEGER ENCOUNTERED & CREATE INTEGER NODE
DECONE(IST+899 ,RUFFER)IDATIIM
INODE=MNEWNOD(1+,04IDATUM, INODE)
GO TO 370
C DECODE REAL NUMRER ENCOUNTERED & CREATE REAL NONRE
36N . DECONRE(ISTyB99.BUFFER) DATUM
INODE=NEWNOD(2+0¢DATUM, INODE) -
C REINITIALISE o BT
a7n 15=1
14S=1 . ‘ .
1ST=0 : : o !
WORD=RLANK ' ' ‘ ' ' f
IGNORE=0 : : - ' : :

e e dm e e - e e = oy s

NUMBA=0 !
DECPTQR=0 {

DO 375 I=1,+3 !

378 - RUFFER(I1)=BLANK : , |
- KOPND=KOPND+ 1| : : ' i
C RETURM STATEMENTS _ ' i
' GO TO (1504+2004220,2404,390)+IRET !
{

f

C SYNTACTICAL CHECKS & FINALISATION MODULE




NTT e s

€ IS TEMPORARY RUFFER EMPTY?
38N AF(KORD.FO.BLANK) GO TO 390 . ~
¢ TEMPORARY BUFFER NOT EMPTY, SPECIFY RETURN & GO TO INSERTION MODULE
IRET=S ’ '
GO TOo 300 _
a9n IF(KLP.NE.KRP) GO TO 440
IF(KOPTR+1.NE.KOPND) GO TO 450
C CONVERT IMFIX LIST TO POLISH PREFIX
" CALL PREORD{(STACK,NDUMY)
C RFTURN NAME OF PREFIX LIST
READEX=DUMY C _ : ,
C UPDATE COLLATOR LIST T ' : ‘ d
THDR=LNKR{DUMY) : :
) I=LNKRIW(100))
391 I=MADRGT (1)
IFCINII).EQ,2) GO TO 392
TFCINTNAML,EQALNDAT(I)) GO VO 393
GO TO 39 - S
399 [=NEXNOD (N O+ INTNAM, I ) '
393 DUMY=STRIND(INTNAM,[+2)
394 DUMY=PUTHAF (THNDR, 1)
C DFLETE TEMPORARY INFIX LIST
IDUM=TRALST(STACK) , ‘ :
RETURN ‘ ) v i
ettt it DL L L DL L P L L L LT ST PPy n iy u
€ ERROR MESSAGE MODULE
400 PRINT 800,IsYH ' _ o B
S CALL WLKBCK(1) ‘ : S
41n PRINT BOI,WORD : & g B
CALL WLKBCK (1) ‘ : ' :
42n PRINT 802,BUFFER !
CALL WLKBCK(1) i
430 PRINT 803.WORD f
GO TOo 271 {
440 PRINT 804 : . v _ f
CALL WLKBCK (1) ' . ]
. 450 PRINT AQOS ' - : ‘ X
CALL WLKBCK (1) o . ' |
460 PRINT R0&6,%O0ORD : ' {
CALL WLKBCK(1) ‘ ~ . {
80n FORMAT(* TLLEGAL SYMROL "+Al,* ENCOUNTERED IN EXPRESSION®) . - ' |
80} FORMAT({* MORE THAN 1 DECIMAL POINT IN NUMBER WAL |
RO?2 FORMAT(* NUMBER *+3A6+' HAS MORE THAN 18 CHARACTERS')
Yok FORMAT(* VARIARLE *4A46,* HAS MORE THAN & CHARACTERS =~ TRUNCATED®)
804 FORMAT(* EXPRESSION MISFORMED: PARENTHESES DO NOT BALANCE?) ~
ao0s FORMAT (' EXPRESSION MISFORMED: MISSING OPERAND(S) OR OPERATQR(S) )
804  FORMAT(® SUBEXPRESSION "+A6,' REFERENCED BUT NOT YET DEFINED?)
END . : .

-
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NEAL'::(“:: € - KoPTR e XOPT R+
({ds T KoPAD & .
zro:'-‘lre;'nﬂ;r : KoPnvD+1 NoPnD&-noPaD+1
NTEMP
WA, A
yes ? NE
no s
LNGTHE 2} KOPTR 41
* NEND& NTEMP
) . ) ‘
.
9 C. Flowchart of Subrowtine HANDCLE (NBEG, MEND, (WETH) .
3 . ] )

See lisking in RAppendix B. & description in. Clapter 3.
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! EXERCISE |

L R ™

USED TO TEST THE ALGDIF DIFFEREMTIATION RULES.

SET UP STORAGE FOR LIST OF AVAILABLE SPACE
DIMENSION AVAIL(1000 )

LINKAGE TO CORE FFFICIENCY MEASURE, NODUTL KEEPS COUNT OF THE

NUMBER OF NODES CURREMTLY IN USE. MAXUTL MAINTAINS A COUNT

OF THE . MAXIMUM HO, OF NODES USED .IN A PROGRAM UP TO ANY POINT.
COMMON /EFFIC/NODUTL MAXUTL :
READ 10,M

SET UP AVAIL, SIZE M/3 NODES
CALL INITAS({AVAIL,M)

N IS THE NUMBER OF INPUT EXPRESSIONS TO BE READ 1IN
READ 104N
FORMAT( )

PERFORM DIFFERENTIATION FOR EACH OF THE N INPUT EXPRESSIONS
DO 20 1=1,N ‘

READ "EXPRESSIONs ECHOING INPUT IMAGES (ARGUMENT IS 9)
DUMY=READEX(0) .

DIFFERENTIATE EXPRESSION WRT VARIABLE X
DIFFEALGDIF (DUMY 4 IHX s 4HOIFF )

PRINT & DELETE INPUT EXPRESSION (ARGUMENT 2 IS ZERO)

CALL PRNTEX(DUMY,0)

PRINT & DELETE DERIVATIVE

CALL PRNTEX(DIFF,0)
PRINT 15,MAXUTL NODUTL _ .
FORMAT(* MAX NO OF NODES USED ='o15/' NO OF NODES STILL TO BE",
~¢* RETURNED TO AVAIL =¢,I5)
RESET MAXUTL TO ZERO SO AS TO TEST MAXIMUM CORE USAGE.OF NEXT
EXPRESSION

MAXUTL=0 v
CONTINUE '
PRINT 30
FORMAT(LH1)

END
o)




\Ve j

aMar,s1  CALL UP THE COLLECTOR. - : ‘
MAP ND23=N9/16=11:4] !

b LIB SLIP+SLIP,
INSTRUCT COLLECTOR TO SEARCH SLIP "LIBRARY" FOR THE

SUBROUTINES CALLED BY THE PROGRAM. :
ADDRESSES ARE ALL OCTAL NUMBERS. . '

INSTRUCTIONS: DATA:

ADDRESS LIMITS 001000 044407 045000 057334
STARYING ADDRESS 044325 : :

WORDS DECIMAL 18184 IB8ANK _ 5341 DBANK

THEREFORE TOTAL CORE USED = 23525 WORDS . 3

SEGMENT MAIN 001000 044407 045000 057334
NBRNCV S /FORALY S 1 601000 .001125 2 045000 045042 !
NFTVE/FOR Y 1 001126 ODL1ISO
NCNVTS/FOR&Y4 S 1 0UL1S] 001370 2 045043 N45137 |
CARSADS/62 T 1 001371 0n1573 ? N4S140 045567 ;
CRFELADS/62 E 1 001574 002071 2 045570 046222 .
NOUTH/FORG7 =2 M 1 002072 003076 ? N46223 04625] !
NIOFR$/FOR67=3 1 003077 N03253 2 046252 046407 i
NINPTH/FORbLY R 1 003254 004134 2 046410 N46433
NFMTG/FORbL7 =] 0 | 004135 Qns010 2 046434 046510 !
NTABST/FOR U 2 N46511 046547 !
FRUG /A7 T :
SNNOPY/K7 I 1 005011 012410 n 046550 046607
N 2 0464610 052142
MERR%/FOR&7 =] E 1 012411 012777 2° 0NS214%3 052322
NSTOPS/FORA?2 S 1 013000 013023 2 052323 052332
NOSYMS/FORALT7~1 1 N13N24 013237 2 052333 05233%
NIFR$/FOR67-3 1 013240 013417 2 052337 052441
NISYHMS/FORL7~1 1 013420 N13411 2 052462 N52465
NINTRS/FOR&D 1 013612 013650 2 052466 052504
FNJT = ’ T TI385 T 0T072 ) U5 2505852595
S : - 2 RLANK3COMMON
SRF L 1 014073 D14626 0 052526 052654 i
I 3 SLIP : ? BLANKSCOMMON .
FND P 1 014627 016434 0 052655 052645 ,
& ‘ . 2  BLANKSCOMHMON !
FNH D I 016435 017242 N 052666 0s3001 - |
E '3 SLIP , ? BLANK$COMMON ;
FNG R 1 017243 n2050% 0 053002 053032 :
I : , 2 BLANKSCOMMON ?
NUCELL . v 1 020506 0206364 n N53033 053057 :
3. stip ? BLANKSCOMMON '
, ' T 4 EFFIC : =
FNC - 1 020637 022127 0 053060 053113
2 BLANKSCOMMON




(D3)

FNA g .
FNT % i
RE&UR P ©
3
FNT & . 1
2
D 3.
FNk B 1
IRALST ? ]
v
FN i
o 3
FNR g 1
111 3
T .
FMNS I ]
N
" FNF E |
‘ S
PRMTVS 1
PRNTE X 1
3
ALGDIF 1
3
IODIFN (COMMON BLOCK)
READEX ‘ 1
- 3
SLIP (cOMMON BLOCK )
SRA ' 1
3

EFFIE (COMMON RLOCK)
ALANKSCOMMON (COMMON BLOCK)

022130 023214

023215 0D23503

023504 02353}
sLiP
023532 024206
sLiP
024207 024377

024400 024517

024520 024007

SLIP
026010 030213
sSLIP

030214 030505

030506 031360
0313461 031731

031732 033010
sLipP

033011 042360

SLIP

N42341 N43731

" SLIP

N43732 044324
SLIP

NACESR T
2

MAIN PROGRAM

3-\)‘3-:1\)3'-\)0\)@4\)DtMDVO\)DVD\JDMO\)D\)D_

£ N 3

N D

053114 053125

BLANKESCOMMON
0531246 053147
RLANKSCONMON
353150 0531545
PLANKSCOMMON

053156 0532n4
CBLANKSCOMMON

053205 0532246
BILAMKSCOMMON
053227 053244
RLANKSCOMMON
053245 nN533s5%
BLANKSCOMMON
0533546 053404

"BLANKSCOMMON

EFFIC

‘053405 053423

BLANKSCOMMON
(153424 053447
BLANKSCOMMON
053450 0534613
BLANK$COMMON

053464 DS3611

BLANKSCOMMON
IONIFN
053612 054021
BLANKSCOMMON
IODIFN

nNs4022 054137

054140 05442%

BLANKSCOMMON

10DIFN
054426 054573
N54574 055325
BLANKSCOMMON
EFFIC

065326 055327
NS5330 055330

UTW??F‘UW%«U/
EFFIC

TSS3I3 T 15733

" BLANKSCOMMON

SYS%eRLIBS, LEVEL 67

END OF COLLECTION = TIME 12,903 SECONQS
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axaT  START EXECUTION. INPUT DATA: FIRST CARD 1000
s , SECOND CARD 2

A= XX o . FOLLOWING CARDS TWO EXPRES:
| | . SIONS.

DIFF = XIX#<1+LN X>

 MAX NO OF NODES USED = 34 ° . o
' NO OF NODES STILL TO BE RETURNED TO AVAIL = 2

B = X!LN X

DIFF = LN X#X{<LN X=1>4¢X!LN X®LN Xel/X®]

 MAX NO OF NODES USED = 78 -
N0 OF NODES STILL TO BE RETURNED TG AVAIL a . 4
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.' . EXERCISE 2

c

C ' B
C USED ToO DEMONSTRATE DIFFERENTIATION NMITH RESPECT TO A SUBEXPRESSION
C

C

DIMENSION STORAGE FOR LIST OF AVAILABLE SPACE..
_ DIMENSION AVAIL(2000 ) ‘
C LINKAGE TO CORE EFFICIENCY MEASURE.
COMMON /EFFIC/NODUTL \MAXUTL

' READ 10,M
10" FORMAT( )
PRINT 15

1S FORMATLILIH])

C SET UP AVAIL. SIZE M/3 NODES.
"~ CALL . INITAS(AVAIL.M) v :
C - READ IN A=A(X) WITH TAG A, LIST=NAME IS ALSO A,
A=READEX(9) S
C READ IN B=B(AsX).
, 8=READEX(9) _ . ‘ - C
C DIFFERENTIATE B WRT A, GIVING EXPRESSION ¢ wer TAG ALSO 'c'.
' C=ALGDIF(B,yIHA,1HC) _ :
C PRINT EXPRESSION C. ARGUMENT 2 BEING NON ZERO PQEVENTS THE LIST
-C FROM BEING DELETED AFTER PRINTING.
" CALL PRNTEX(C+9)
S PRINT 20.MAXUTL . -
.20 FORMAT(* MAX NO OF NODES useo='.15)

CPRINT. 15 o R A T
" END ‘ ‘ : ' o ' .
.




(D6 )
"A=SINH(ACOSH X)d
B=%FA(TANH $A)Q

C = TANH SA®SA!<TANH SA=1>+SAITANH SASLN SASSECH $A!28

MAX NO OF NODES USED= 94
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' _ EXERCISE 3(A)

USED TO TEST TIME & CORE EFFICIENCY OF A.LARGE INPUT'EXPRESSION

WHERE IT IS NOT BROKEN UP INTO SUBEXPRESSIONS,

RESERVE STORAGE FOR LIST OF AVAILABLE SPACE
DIMENSION AVAIL(7000)

LINKAGE TO CORE EFFICIENCY MEASURE

COMMON /EFFIC/NODUTL +MAXUTL
PRINT &
FORMAT(1H])
SET UP AVAIL
CALL INITAS (AVAIL,7000)
READ EXPRESSION INTO LIST A
A=READEX(0)

DIFFERENTIATE A WRT VARIABLE |

DA=ALGDIF{A,1HI,2HDA) .
PRINT & DELETE EXPRESSION READ IN
CALL PRNTEX(A,0)
PRINT & DELETE DERIVATIVE EXPRESSION
CALL. PRNTEX(DA,O)
PRINT 10,MAXUTL ,
FORMAT(* MAX NO OF NODES USED',15)
PRINT 5 -
END
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! EXERCISE 3(R)
AS EXe 3(A)s BRUT LARGE EXPRESQION TNPUT 1S BROKEN Up INTO FOUR
SUBEXPRESSIONS, ALL INPUT IS PERFORMED FOLLOWED IN SEQUENCE BY ALL
DIFFERENTIATION AND PRINTING,

SET UuP STORAGE FOR AvAlL,
DIMERSTION AvAIL(2000 )
LINKAGE TO CORE EFFICIENCY MEASURE
'COMMON /EFFIC/NODUTL , MAXUTL N
A ARRAY HAS THE NAMES OF THE INPUT EXPRESSIONSs DA THOSE OF THEIR
DERIVATIVES. THE NAMES=ARRAY CONTAINS THE TAGS OF THE DERIVATIVES
DIMENSION A(QIoDA(Q)-NAMES(4)/2HDA02HDBoZHDCoZHDD/

SET UP AVAIL,

CALL INITAS(AVAIL,2000 )
PRINT 20
READ THE INPUT EXPRESSIONS IN THE coaaecr ORDER,
DO | I=1,4
AlT)=READEX (D)
DIFFERENTIATE THE INPUT EXPRESSIONS WRT I IN CORRECT ORDER.
DO 2 I=1.,4 '
DACI)=ALGDIF(A(I)+IHI NAMES(1))
PRINT & DELETE THE INPUT EXPRESSIONS IN SEQUENCE
DO 3 1"1'
CALL PRNTEX(A(I).O)
PRINT 8 DELETE THE DERIVATIVES IN SEQUENCE
DO 4 I=1,4%
* CALL PRNTEX(DA(I}),0)
PRINT 10,MAXUTL’ o
FORMAT(* MAX NO OF NODES USEfS= *,15)
PRINT 20 :
FORMAT(IHI)
END

T T e e e e et —— e e Ay 4 gt v e e

s




S 3¢t 1aFeTIS (SASF+SC.510001>12

_MAX NO OF NODES USED= 374 . o ; , R : : -

A = GOSIM Jf2eMHeCOS 112
R =€GeSIN 1>024¢HeCNS 1302 °
¢ = Fl2e¢2eF0sAssR

N adSASF4lSCocle20Toga4T208P>) ! SONC0TO(FOSACSA)ID/C(I=FoT)0o(SAF+$C!,50000)>

“nf e 20SIN 1216C0S Te19Ga26C0S 1¢]e<=SIN [old>eH

NB '® 20<GOSIN I>!1eC0S 16]10G+20<HeCOS I>71e<=SIN 1o1>eH N e )

- ~. N L “ N - ) N ..

NC w 0+DeSA+SDASIOF4SDN

no -é(!DA0;500000<sc0(1020705A07!2-38)>!-.Sﬂ0000ésoc0(lozorosAofzzcta)0(OOSAOSDK02OTOOOSBOSOBOT!2)os;>0<svorosDB>it)o(1-F-T|

PO

C(SASF+SC!.SO0NN)I=(<=0>0<SA+F+SC !, SANNT>+<S0A+,5000005C?~,50000080C>0<1=FeT>)10(SA+F+<SCo(1+20ToSA+TI208B1>!,50000+4TecFosA+$AD)
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EXERCISE 3(C)

EXs 3(B)y BUT INPUT/OUTPUT AN
- SEQUENCE FOR EACH OF THE INPUT EXPRESSIONS.

DIMENSION AVAIL(2000)

DIMENSION A(4).DA(q)oNAMES(“)/ZHDAoZHDB

COMMON /EFFI1C/NODUTL  MAXUTL
PRINT 20

CALL INITAS(AVAIL.ZDOO)

DO 1 J=1.,4

ACT)=READEX (D)

DA(I)-ALGDIF(A(l)olHloNAMES(I))

CALL .PRNTEX(A(I),9)
CALL PRNTEX(DA(I).?)
PRINT tO, MAXUTL

FORMAT (¢ MAX NO 'OF NODES usao 'y15)

PRINT 20
FORMAT(IHI)

‘END

. o

D DIFFERENTIATION ARE PERFORMED‘

.2Hoc,2uoo/

s




t = GoSI! 1?2eHecOS [0

NA w 2051t 1214C0S 010Go2eC0S5 [t10<=SIN lelden A .

N CGOSIM I>12e<HOCOS [>12

. DR = 20<GeSIN I>110C0S [0105020<H0C0S I5>210<aSIN [olsen

.DC = 0+0eSA+SNACIeFss IR

AJ,nAu>owo.nn.A~on.4.n>oquugn:v_w

ND =c($D4s,5000NeceCar]s20Te
CUTASFSCI SNN0N1=(<0>0<sAF

w»aw-pn.q;f_a..n.nnm.maaoa_vm

MAx NO OF HODES. USED=  §42

m>0~w~oam_V«l.woocoanuon..~0~aq.n>oqu~anm.

ounm.mQSQGVOAuO>o.mD:DOounml.wooaaamcnv.A-

2

“mooaaoq.aw.n>.un.vxa._-n.q...a>on.nnu

«5000Nn)>

0-Q.n>0u0>--4ocaumon0w04uw.onﬂvoknobaﬂoawmvo4~o-0ﬂoﬂ-

|1.4V.-.npﬁﬂ¢Aan-._owadmunoqu-nm_vu.mcoaooquﬂ.n>onmv_
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' ‘ EXERCISE A(A)

PARTIAL DIFFERENTIATION EXAMPLE, PRINTING OF ALL EXPRESSIONS
- IS PERFORMED AT THE END OF DlFFERENTIATlON.

DIMENSION AVAIL(BDDD)

COMMON /EFFIC/NODUTL, MAXUTL
SET UP AVAIL,

CALL INITAS(AVAIL,3000)

PRINT S

FORMAT(LIHI])

A=READEX(0O) L8 4
DIFFERENTIATE A WRT X YIELDING AX= A/ X.
CAX=ALGDIF (A, IHX,2HAX)

.DIFFERENTIATE AX WRT 'X YIELDING AXX= A/ X oo

AXX=ALGDIF(AXs IHX)3HAXX)
ODIFFERENTIATE -AX WRT Y YIELDING AXY= A/ X Y,
AXY=ALGDIF (AXy 1HY.s 3HAXY) '

"OIFFERENTIATE A TWICE WRT Y YIELDING AYY= A/ Y

AYY=ALGDIF(ALGDIF(As1HYs2HAY)y 1HY,3HAYY)

.PRINT & DELETE ALL THE' EXPRESSIONS. IN. SEQUENCE,

CALL PRNTEX(A+D)
"CALL PRNTEX(AXX,0)

"CALL PRNTEX(AXY,0)

CALL PRNTEX(AYY,0)

PRINT 10,MAXUTL o

FORMAT(* MAX NO OF NODES USED =¢,15)
PRINT 6§ o .
END .

p—
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b EXERCISE 4(R)
AS EX. 4(A)y BUT PRINTING OF EXPRESSIONS IS PERFORMED

IMMEDIATELY AFTER THEIR ODIFFERENTIATION, AND -IF . THEY ARE NOT
NEEDED FURTHER IN THE PROGRAM, THEY ARE THEN DELETED,

DIMENSION AVARL(2000)
COMMON /EFFIC/NODUTL ,MAXUTL -
. PRINT 20 '
CALL INITAS(AVAIL,2000)
A=READEX(N)
" CALL PRNTEX(A+9)
AX=ALGDIF (A, 1HX,2HAX)
AXX=ALGDIF(AXsI1HX43HAXX)
CALL PRNTEX(AXX,0)
AXY=ALGDIF(AX, IHY y3HAXY) .
CALL PRNTEX(AXYWO) _ A
AYY=ALGDIF(ALGDIF (A LHY y2HAY) s IHY,3HAYY)
CALL PRNTEX(AYY,0) o
PRINT 10,MAXUTL . e
. FORMAT (Y MAX NO OF NODES USED =9,15)
PRINT 20 Ce e o
 FORMAT(1H1) '
" END -

.'v‘}
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! EXERCISE 5
LARGE DIFFERENTIATION EXAMPLE WHERE THE EXPRESSION 1S BROKEN UP
INTO 13 SUBEXPRESSIONS. THE MAIN EXPRESSION HAS THE TAG CHIIl, .
DUCHIL)/D(X1) AND D(CHI1)/D(ETA) ARE REQUIRED,

DIMENSION AVAIL(5000) .
LINKAGE TO CORE EFFICIENCY MEASURE.
COMMON /ZEFFIC/NODUTL ,MAXUTL _ .
A ARRAY HAS LIST=NAMES OF THE INPUT EXPRESSIONS, DA THOSE OF
THEIR DERIVATIVES, NAMES CONTAINS THE TAGS OF THE DERIVATIVES.,
DIMENSION A(ls).on(la).NAMES(13)/3HDMU.4HOHS@.3HDF1}3HDF2.3HOF3.
=3HDH1 4 3HDH2, 3HDH3 s 3HDOHY4 4 SHDBIGH+ 2HDG 4 2HDF s SHDCHI | /
SET UP THE LIST OF AVAILABLE SPACE.
CALL INITAS(AVAIL,5000)
PRINT 20 '
READ INPUT EXPRESSIONS IN CORRECT SEQUENCE.
DO 1 I=1+413 ' .
ARGUMENT OF READEX CALL IS 9 SO INPUT IMAGES ARE ECHOED .
IN PRINTOUT THUS ELIMINATING NEED TO PRINT INPUT EXPRESSIONS
USING PRNTEX, = :
A{1)=READEX (9).
PRINT 2 , ‘ N
FORMAT(*IDIFFERENTIATE CHII wRT ETA) ,
DIFFERENTIATE IN CORRECT SEQUENCE WRT ETA (ONLY HS® & CHII
ARE FUNCTIONS OF ETA, SO THE OTHER SUBEXPRESSIONS DO NOT
HAVE TO BE DIFFEREMTIATED WRT ETA).,
DAL2)=ALGDIF(A{2),3HETA'NAMES(2))
DA(13)=ALGDIF(A(13))3HETAWNAMES(13))
PRINT & DELETE DERIVATIVES IN SEQUENCE.
CALL PRNTEX(DA(2),0)
CALL PRNTEXI(DA(13),0)
PRINT 3 '
FORMAT(*IDIFFERENTIATE CHI1 WRT X1°')
DIFFERENTIATE WRT XI IN CORRECT SEQUENCE,
DO 4 I=1,123 , :
DACII=ALGDIF(A(L) ¢2HXTI  NAMES(]))

"PRINT & DELETE DERIVATIVES IN SEQUENCE,

DO 5 I=1,13 '

-CALL PRNTEX(DA(I1),0)

 PRINT 10+MAXUTL .

FORMAT(* MAX NO OF NODES USED =¢,15)
PRINT 20

FORMAT(1HI1)

END
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INDEX OF FUNCTION LISTINGS

routine page -~ routine page routine -page ‘
 ADVLEL - Al0 " INIGER  A27 © MADOV . A27
" ADVLER . . AlO IOPCPY  B17 MADRGT - A6
ADVLL AT IRALEX  B20 MAKEDL  A15
ADVINL  A10 . IRALST  A24 MRKLSS  Al5
ADVINR  Al0 IRARDR  Al2 . MRKLST A6
ADVIR A7 ISYNTX  B17 MTDLST ~ Al3
CADVINL  A10 ITSVAL  Al2 ~ MPLIST A6
ADVINR  AlO. LANORM  A27 NAMEDL A6
ADVSEL  Al0 - LCNTR A3 NAMTST  A23
" ADVSER  All LDATVL = A22 . NCODE  Bl16
CADVSL  $A7 - LIST A12 . NDAT B16
ADVSNL . A10 -~ LISTAV  Al5 NDIF B20
ADVSNR  All LISTMT A3 < NEWBOT  Al3
- ADVSR A8 LNKL A27 | NEWNOD  B16
ADVSWL  All INKLP  A27 NEWTOP  Al3
ADVSWR ~ All LNKR A27  NEWVAL A2l
ALGDIF Bl LOCT .  A23 NOATVL . A13
BOT AL " LOFRDR A4 NPREC . Bl6
CONT A26 LPNTR A4 NUCELL ' A25
DELETE A9 LPURGE  A22 ~ NULSTL  Al5
DERROR  A33 LRDRCP  Al2  NULSTR  Al6
EQUAL A9 ~ IRDROV  Al3 NXTIF? ~ Al6
GETFLG ~ A26 - = * LSPACE  A34 NXTRGT  Al6
GETHAF  A26 LSSCPY  A20 . PARMIN Al17
GETMRK  A26 LSTEQL ., A20 . " PARMT2  Al7
HANDLE ~ B17 © - LSTMRK A4 POPBOT Al
ID - A27 LSTPRO. A4 POPTOP Al
IEQOPD  B16 - * LSTRCE.  A34 * PREORD  B21
INFORD = B19 LVLRVT A4 * PRESRV  A34
INHALT  A26 . LVIRV1 45 * PRLSTS ~ A34 .
INITAS  A33 °  MADATR - A5 . * PRNTEX  B22
INITRD A3 MADLFT A5 PUTFLG  A27
INLSTL A3 MADNBT -~ A5 PUTHAF  A27

INLSTR A3 MADNTP A6 | PUTMRK. A28
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routine

RCELL
RDLSTA
READEX

- . REALNO

 REED
RESTOR

SEQLL =

. 'SEQIR
SEQRDR
SEQSL

page

A33

Al7

B26

A27
Al

A36

Al

‘Al .

Al
Al

* % k%

routine

SEQSR

SETDIR
SETD3
SETIND
SETI3

. SHIN

'* Thesge routines are

SQIN

- SQOUT
- STRDIR

STRIND

page

Al
A28

A28
A28
A29

A29.

A29
A30
A30

A30
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- routine

SUBSBT
SUBST

SUBSTP -

TERM

 TOP

TRC OFF
TRCON
VISIT

WIKBCK

.page

Al9
A2

Al19°

A32
A2
A31

A30
32

A3l

subroutines rather than functions.






