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- CIAPTER 1

Introduction

- The SHOBOL programning language (1) was developed 2nd first implemented
at the 3ell Telephone Laboratories, Inc. in New Jersey. It was intially.'
conceived a8 a ctring-zanipulation language. The initial implementation
was on an IBi T7094. The language was~further develoved at Bell labs

and evolved into S¥03CL3 (2,3) and SIOBOLA (4,5). It grew to encozpass
not only string-zanipulation but also many nonnumeric features not found
in other prograuaing languages: The implementors of SI'OBOL4 develbped

a reasonably machine independent set of macros for SVO3CL4 compilation
which were consequently implemented on many different computers. Today
SY03JL4 is a widely used and dissenminated language (6). Some of the
gachines on which it has been implemented are the IBM System/360, TUNIVAC
1108, GE 635, CDC 3600, CDC 6COC series, PDP-10, -SICLA 5/6/7/8/9, XDS

940, RCA SPECTRA 70, and ATLAS 2. '

Until recently all SNC30L4 implementafions shared two:feétures: they

were interpretcrs rather than compilers and their speed of execution of
source programs was very slow compzred to other programming languages such

as FORTRAN or COBOL. In 1949 a proprietary package for the IBK S/3%60

called SPITBCL (7) was released. It appears to be an incore system which

corpiles much of the 3¥0BOL source prograa as-an absolute program and

then izmediately executes it. Complex pattern matches and string con-
catenations are apparently executed interpretively. Details of the
internzl workings of the SPIT3Q0L compiler zare unuzvailatle. It is known
to be ten to twenty times faster than the Zell Labs interpreter, s sig-
nificant increase. ' )

In 1969 Pzul J. Suntos, Jr. began work on & dure compiler- for SNOBOL4.
This system, which igc known as FASB0L, compiles all features of the
SHOBCL4 lsngusge including patterns. The resulting otject progran can
then be executed. Subprogrars written in FASICL, FORTRAY or asczoembhly
language can be linked with PASBOL main prograas. In addition, object
progranss can be seguented into overlay structures.. The first FAS3CL
coapiler (8) wag written for the UHIVAC 1108 and was operational in

October of 1971. It implexented SMORCL4, version 2 (4).' The seccnd
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"wa3 not well =suited
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F4S30L coupiler, FA4SBOL II (9), wes also written by Dr. Santos. It was
impleﬁented for the PDF~10.and was operational in August, 1972. Tt Te-
flecte5 the 5NOBOL4 language of version 5 (5). These two systems proved
conclusively that SNO30L4 programs could be compiled with up to two
orders of magnitude increase in execution speed over interpreters.:

The first interpreter for tﬁe CDC 60C0 series was implemented at
the Institute for Defense Analyses at Princeton University from the 3ell
Labs macros (10). Its chief drawback was, of coﬁrse, its slow execution
speed. It also required a large amount of core (60-70K) for exeecution.
In 1968 an interpreter for SNO3CL4 was develoved at the Corputer Center
of the University of California, Berkeley by Charles Simdnyi and Paul
¥c Jones (11). This interpreter is known as CAL SN0BOL. CAL SNOBOL is
written in COIPASS (the asseably language for the CDC 6000 series).
The SNO30L source progran is translated into 60 bit micro instructions, .
each of which contains the address of the routire that executes the in-
struction. The micro code is then executed interpretively. It features
very fast compilation speed (on the order of 15,000 lines per minute)
and execution speed which is several tines faster than the IDA implemen-
tation. It does not, however, implement all of SNOBOL4, version 2.A It
is well suited for its purpose which is to process a large number of
studenf jobs at the University Computer Center:

It became appsrent that there were gome uses for which CAL SNCBOL
. Professor W. D. N;urerAand sore of his graduate
students in the Department of Electrical Engineéring and Compnter Sciences
at the Berkelgj canpue of the University of California were writing large
SNC30L4 prozramns in the areas of program verification and zemantic de-
scriptions of programming languages. Thece often required'sevefal nin-
utes of CPU time to execuie on the CDT 6400 using CAL SNO3JL. In addition,
problems with the garbige ccllecticn scheme in CAL SHO3OL pfévented
some of them from running at all. ‘

W%ith this in amind, work was besun by the zuthor in 1972 on an in-

13

plexzentation of FASBCL for the CDC 6CCO series based on the design of Dr.
Santos. This systeu, which is now xnown as FASBOL - 6000, consists of
a corpiler writtern in FASBOL - 6000 of some 1200 souvce statements. The

compiler &cssepts FAS30L - 60CO source progrzms and produces COIFASS
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asseubly code. This code may then be wssesbled, linkend with the FASBOL -
6000 runtime routines and executed., FASBOL - 60CC is & superset of .
SKO30L4, version 2 and CAL 3UC30L with a few elements missing from each.
A complete deseription of the lansuage and how to use the conmpiler is
given in chapter 2. The FAIBOL - 4000 runtime system comprises approxi--
mately 100 subroutines written in COMPASS totalling 50CO souree lines.
A description of the internal workings of the comapiler and runtime systexms
is given in chapter 3. The conziler was initially hootztrapned using
0AL 370BOL and is now capable of eompiling itself. In fact it has now
sone through four generations of self-compilation. A5 a test of econ-
sistency the current version was used to compile itself. The generated
code was saved and then executed to once again compile the source of the
compiler. The two object files were then compared. They were identical.
The eouapiler i3 currently being re-written to take «dvantaze of.
certain SNO30L4 features unavailable in CAL SKO30L (principally the RCPLACE
function wnd the @ operator). This should afford « two to three %imes
increxse in compilaticn speed, but of course will not affect the executfon
speed. At the moment nrograas compiled by FASBOL - 6C00 execute at .
approximately two or three times as fast 2s CAL SWCB0L. There wre several

optimizations known to the author which can increase this to ultirztely

i
h

four or five times as fast as CAL SMOBCL. These will be discusszed in

. Chapter 4.
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CHA?TER 2
2. Language Description and Use
Most SNOBOL4 (version 2) and CAL SNOBOL programs will run with no
changes under FASBOL - 6000. Familiarity with SNOBOL4 and CAL SNOBOL

is assumed. Only language differences will be described here.

2.1.1 SNOBOL4 features not implemented

A complete list of unimplemented features is given in table 1.
These are for the most part necessitated by the differences between a
compiler and an interpreter. Their incluéion would result in a bulkier

and less efficient runtime library.

2.1.2 SNOBOL4 features implemented differently
Unary . returns a value of type NAME, never a type STRING. Indirection
(unary -$) applied to a value of type NAME returns the same value. I.E: if
| N = .4[10] T
, then | :
8N = 8N + 1

is equivalent to

Af10] = a(10] + 1
but executes faster, .

The second argument to the primitive functions INPUT() and OUTPUT()
is a string representing a file name rather than a number. The third
argument to the primitive function OUTPUT() is a carriage control char-
acter rather than a FORTRAN FORMAT string. This prefix character (which
" may be the null string) is added to the front of each record on output
for the associated variable. The optional fourth argument to OUTPUT( )
is the record length (if omitted 132 is assumed) in characters.- The
initial I/O association are:

OUTPUT(? OUTPUT?, ¥ OUTPUTT A 4, 132)
INPUT(¢ INPUTH, 4 INPUTE, 72)

The file name elements of these two aésociations can be overridden by

control card specifications (see section 2.3).



TABLE 1

SNOBOL4 (version 2) Features Not Implemented

© A,

1. EVAL(), CODE() and direct GOTOs.
2 2. Datatypes CODE and EXPRESSION.
3, Non-literal protypes for DEFINE() and DATA().

4. All features, functions and keywords dealing with tracing except for
A STNTRACE (see section 2.1.3).

5. Predefined VALUE() field.

6. Redefinition, OPSYN() or APPLY() of priﬁitivg functions, fields

and pattern variables.

T, — Two features of QUICKSCAN mode ,
a. Continual comparision of the number of characters remaining in
the subject string against the number .of characters required.
b. Assumption that unevaluated expressions must match at least
one character. (This implies that left-recursive pattern

definitions will loop forever.)

8. The keywords AABORT, A ABEND, AARB, ABAL, ADUMP, AFAIL, AFENCE,
A\ REM, A SUCCEED.

9, The primitive functions CLEAR() and BACKSPACE().

ul



The 6000 series character set requires the following changes:

360 6000
{2 C,3
? —
: o 3
. | Vv or //
K & A
s s+ or /

2.1.3 Additions to SNOBOL4
The following compiler directives have been added:
-CODE, -NOCODE turn on and off the listing of object code between

~ statements. The initial mode is off.
-SPACE N spaces N (or 1 if missing) lines in the source listing.

~NEWSTNO N resets the statement number to any value (N) greater

than zero.

-EJECT causes a page eject in the source listing and object file.

The following primitive functions have been added:

(a) REALCH (CLASS) like BREAK() but ignores break characters inside
. substrings delimited by # or §

(b) NSPAN(CLASS) equivalent to SPAN()V NULL

b

(c) SUBSTR(STRING, INTEGER1, INTEGER2) equivalent to pattern match

STRING TAB(INTEGER1) LEN(INTEGER2) . VAL

" but much faster and less space consuming.
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(d) DUPL(STRING, INTEGER) returns the STRING formed by duplicating

the STRING argument the INTEGER number of times.

(e) L PAD(STRING, LEN, PADCHR) returns the STRING formed by padding
STRING on the left with PADCHR characters to a length of LEN.
If STRING is already too long, it is returned unchanged; if
PADCHR has more than one character only the first is used. If

the third argument is null, blanks are used.
(f) RPAD(STRING, LEN, PADCHR) pads to the right.

(g) The following CAL SNOBOL primitive functions are implemented:

ENDGROUP( ) ALPHABET( )
EOI() FNCLEVEL( )
EORLEVEL( ) MAXLNGTH( )
ANCHOR() . STCOUNT( )
IF() STLIMIT()

(h) The /A STNTRACE keyword when not equal to zero causes the current
statement number to be printed before execution of the state-
ment. ASTNTRACE is initially zero.

2.2 Differences with CAL SNOBOL
The primitive functions TYPE(), NEXTVAR(), COMPILE(), and FREEZE()

are unimplemented. Only[ ,]J are allowed for array brackets; (/,/) are

not allowed. ITEM() and PROTOTYPE() are implemented as in SNOBOL4.
FASBOL - 6000 contains additions to CAL SNOBOL too numerous to mention

but which can be inferred from sections 2.1.1, 2.1.2, 2.1.3 and (12).

2.3 Running a FASBOL - 6000 program

Assuming that the files FASBOL and FASLIB exist as COMMON files
and have been so declared or exist as permanent files and have been .
ATTACHed the following control cards will compile.and execute a FASBOL -

6000 program:

RFL, 65000 ., 65K is the current minirum t5 com-
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pile. The fieldlength is auto-
matically increased if needed.
This figure should come down in

future versions.

FLGO,FASBOL, INFIL,OUTFIL,BUFSIZ, HASH¥ID.

X, COWASS ’ I"—'ASM, S=O, L=00

where INFIL is the name of the
source file (INPUT is the default).
OUTFIL is the name of the listing
file (OUTPUT is the default).

BUFSIZ is the size of I/0 buffers
in octal (should be a multiple of
100 octal + 1). 201 is the default.
HASHWID is the width (in octal) of
the hash code. The bucket table is

then two to the power HASHWID words

long. (The default is 6). For
example, .
FLGO,FASBOL, SOURCE, , 1001.

will compile a progfam from the
file SOURCE, with listing to the
file -OUTPUT. Buffer size is 1001
(octal) and hash -code width is 6.

Assembles the object program (which
the compiler generates as the file
ASM) using COMPASS, version 2.4
which is much faster than COMPASS,
version 1.2. Omitting the L=0
option will provide a listing of
the object code (at a price of

increased assembly time).

. CLDR,LIB=FASLIB,NOMAP,G0=INFILE,OUTFILE,BUFSIZ,HASHWID:

loads and executes the assembled

program. The NOMAP option sup-
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presses the load map. The GO
parameters provide ooptional con-

trol of (a) the initial associations
of the variables INFPUT, OUTPUT,

(v) the I/O buffer size and (c) the. 
hash code width.: The defaults

are the same as for the FASBOL

card. For example, if the parameters

GO=DATA,,,4. -

are used, references to the var-
iable INPUT will cause a record to
be read from the file DATA and the
hash bucket table will be 16 words
long.
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CHAPTER 3

3. The FASBOL - 6000 Compiler and Runtime System

As mentioned before, the design of the FASBOL - 6000 compiler is
based on the design of Dr. Santos' original FASBOL compiler. The
implementation design is significantly different, of course, since it
runs on the CDC 6000 series under the SCOPE operating system rather
than the UNIVAC 1108 under the EXEC II operating system. In addition,
the design of several elements of the compiler and runtime is completely

different. These are explained in sections 3.1 and 3.2.

3.1 The FASBOL - 6000 Compiler '

The FASBOL - 6000 compiler is a FASBOL - 6000 program which accepts
programs written in FASBOL - 6000 and produces COMPASS object code.
Writing the compiler in FASBOL - 6000 proved a éignifiéant saving in
effort. Aﬁproximately 90% of the coding effort involved the runtime
library (which is written in COMPASS). Probably over 95% of the time
spent debugging the system involved the runtime library. ‘In addition
coding the compiler in FASBOL - 6000 provided a mechanism to check out
the library and demonstrates that FASBOL - 6000 is a useful language.
for compiler implementation. -

The syntax of SNOBOL4 and hence of FASBOL - 6000 is such that it
lends itself for the most part to ad hoc techniques for parsing. The
exception is the parsing of expressions. .Dr. Santos' FASBOL cohpiler
uses a table-driven operator precedence scheme for such parsing. The
FASBOL - 6000 parser is a straight-‘orward finite state machine with
a single pushdown store which drives recursively defined semantic
routines.vThe machine has 6 states, 3 input types, 5 stack entry types
and 13 action routines.

The code generator emits codgﬁs it is generated. The FASBOL compiler

generates a code tree which is later walked to produce the final code.
As in FASBOL, patterns are coﬁpiled as two separate sectic:.: of code.
Oﬁé section is the code to evaluate the pattern parsmeters before pattern

pattern matching is done. The other section is a re-entrant subroutine
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whlch corresponds to the pattern during the execution of a pattern match.
The rest of FASBOL - 6000 is compiled as a call on an appropriate 11brary'

routine.

3.2 The FASBOL - 6000 Runtime System

The FASBOL - 6000 runtime library consists of some 100 subroutines
written in COMPASS. Only those routines which are actually needed during
execution are linked with the generated code fér the user's program.

If the entire library were linked together it would total only 12k
(octal) or 5k (decimal). As long as programs don't generate the need
for additional storage they can execute in a relatively small field
length.

The CDC 6000 series is not the ideal computer for running SNOBOL4
programs. The essential operations in SNOBOL4 are on strings of char-
acters rather'than npmbers. The CDC machines have thz justifiable
reputation for being number crunchers. They are not character addressable
as are the IBM S/360 machines. In fact the 6000 series have no character
operations at 211. Strings in FASBOL - 6000 are siored in blocks packed
10 characters to a word. To access a particular character it is neéessary
to get the proper word into a register, form: a mask and dd a mask oper-
ation, usually followed by a shift. Often compilers have internal tables
with several fields packed into one word for space economy. It is not
possible in one instruction to access a fieid which comprises a portion
of one computer word. Once again a load, mask‘and shift or perhaps
a load, shifp; shift is required. Suppose there is an internal table
where each word of the table consists of four 15 bit signed fields.
Suppose further that one wants to put in register X6 the value of the
second of these fields of the word which is in register X5, without

destroying X5. The following code would be necessary:

BX6 X5
LX6 - 15
AX6 45

The fact that three instructions are required’along with the necessity
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of remembering the values 15 and 45 lends itself to error, as well as
making the code fairly undescipherable. It is for this reason that the
author developed a series of macros which permit the one-line symbolic
manipulation of partial words. This includes register to storage,
storage to register, and register to register operations. These oper-
ations are used only in the runtime library, not in the generated code.

The basic element of this macro system is the FDEF (an acronym for
field definition). The form of the FDEF is

NAME FDEF SBIT,LBITS,¥ORD, SIGN
where

SBIT is the starting bit of the field (0 is
the leftmost bit, 59 is the rightmost).

LBITS is the length of the field in bits.

WORD ) is the base word address of the field

. (if any). ' .

SIGN is 1 if the field is signed; O or

missing if unsigned.

For example, the fields in the following word

!3’”ﬂ’é*" 12 1§ KX
dstryd 4D DSAC Dt Are
are defined as
DS$TYP FDEF 0,4,0,1
DS$AND FDEF 12,12,0,1
DSSAPP FDEF 24,18,0,1
DS$APE FDEF 42,18,0,1

Tﬁe FDEF of an entire word is 0,60,0,1.

There are seven operations, defined by the use of an elaborate
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macro structure, which operate on FDEF'd fields. They generate the
optimal code for each overation. The macro DEFINE appears at the start
of each routine in the library. This sets the values for X.MASKS,X.VOLS,
and X.STORS which are used by some of‘the operations. The default values

are X0, X5 and X7, respectively. The operations themselves are
(a) 1D XR, FDEF+OFFSET

which loads a field into an X register, where OFFSET and the base
address of the FDEF are combined in determining the actual address.
OFFSETxregisteriLconstant or *constant or zero or missing. OFFSET can
also be BR*BR, XR+BR or AR*BR if the base address is zero.

(b) -sT XR,FDEF+OFFSET
which stores the rightmost LBITS of the X register into the FDEF field
of the addressed word. The original value of XR as well as the rest of
the addressed word are preserved. '

(¢) s> XR,FDEF+OFFSET

which acts like ST except that the XR is destroyed (but not the rest

of the addressed word.)
() GXR1 XR2, FDEF

which "gets" the field defined by FDEF from XR2 and right justifies
it into XR1. '

(e) spP XR,FDEF

which takes a field which is right justified in XR and "shifts it into
place", i.e. shifts it left 60-SBITS-LBITS or generates no code if

SBITS+LBITS = 60.

(£) Txm1 XR2,FDEF
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which rotates XR2 to XR1 so that FDEF is right justified (works 6nly

for 18 bit fields - otherwise generates an error)
(h) LJ XR, FDEF
which left justifies the FDEF

This system has the additional benefit of allowing easily implemented
changes to field definitions. To change the size or arrangement of
fields it is merely necessary to change the appropriate FDEFs and
re-assemble the routineé!’No searching through listings for references
to non-symbolic fields. Note, too, that FDEF'd fields show up in fhe,
cross reference listing. '

In FORTRAN a location is assigned at compile time to each variable
in the program. A reference to the variable consists at runtime of a
load .of the value of the variable from the location. This is not
possible in SNOBOL4 since the variables are not dedicated to a
particular TYPE. So although a location is assigned at compile time
to all natural variables in FASBOL - 6000, a reference consists at run-
time of a load ~i :.~..: from the location of the current descriptor
for the variable. This descriptor contains a field which gives its
TYPE and (generally) a pointer to the current value. Integers, however
have their value in the descriptor. Also strings of less than 8 char-
acters have their value in the descriptor. Longer stirings have a des-
criptor which points to the first word of the block where the value
is packed ten characters per word. During pattern matches, the subject
string is unpacked one character per word. Array descriptors contain
pointers to the dope vectors as well as the element descriptor block.
Diagrams for each descrip*nr format are given at the end of thié section.
The names of fields given in the diagrams are the FDEF names for the = ° .
field.

The runtime routines have a consistent set 6f register conventions.
B3,A3,X3,B4,A4, and X4 are dedicated to use by the pattern matching
routines. Register B7 is used as a constant one throughout the library.

Routines called from inline code may use any non-dedicated registers.



15

Second level routines (those called by the routines called by inline
code) ‘have a restricted set of registers they may use whlch varies with

the routine. Input to primary routines uses the ES stack and register

X1. The 1st through n - 1st arguments are stacked on ES. The last argument..

is in X1. The output from routines is in X5(and sometimes XT7).

The runtime library consists of routines which execute certéin’
elements of the FASBOL - 6000 source language(primary routines) and
of routines which perform functions invisible to the user (secondary
routines). The free storage system employs the use count/release stack
mechanism of FASBOL although storage allocation is by the "first fit"
method rather than the modified buddy system. :

The runtime system uses 6 separate stacks. These are the SS,ES, AS,
CV,PS, and RS stacks, representing reépectively the system, expression,
assignment, conditional value, pattern and release stacks. All these
stacks have the same structure, which is diagrammed .in the section on
system tables.They are of infinite (core limit) size. SS is used to
keep track of the function level and the base value of the other stacks
at lower function levels. ES is used in expressibn evaluation, calls
to user defined function calls and during pattern matching. RS is used
by the free storage mechanism. AS,CV and PS are used only during pattern
matching.

User defined functions and user defined datatypes dperate as in
FASBOL. When a function is called a function block is acquired from
the pool. Values and system parameters are stored in the block in order
to provide qu possible re-entry of the function. Only the pointer
to the block is saved on the SS stack.
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4. PFurther Developments and Improvements

4.1 Conmpiler

As mentioned in the introduction the compiler is currently being re-
written to make it faster. These changes will also decrease the field
length required for the compiler to compile itself. The compiler current-
ly requires 117K (octal) to compile. Since the maximum fieid length
allowed at the University Computer Center during normal operations is
120K the first priority is to make the field length requirements smaller.

The first contemplated improvement is the recognition of declarations
for (a) specifying that the current program being compiled is a main
program or subprogram or (b) naming external FORTRAN and FASBOL - 6000
subroutines. This would allow the compiler to be broken up into three
or four subroutines and a main program which calls each successively.
Then using CLDR an overlay structure could be established which would
allow the compiler to run in a smaller field length. (An educated
guess - 45K minimum and perhaps 70K for self-compilation.) This (and
other changes to the compiler will be relatively ecasy to implement since
the compiler is written in FASBOL - 6000.

The second planned development is a mechanism to alloﬁ the user to
purge symbols from the runtime symbol table which are not referenced-
indirectly ( with the unary $ operator). This change along with an
anticipated reorganization of the way the compiler stores information
about variables and literals should save about 7K (octal).

The next anticipated improvement is the compile-time recognition of
patteri structures, i.e., the pattern structure

TAB(*P) ANY(4+-/*%) NSPAN(} ) eP ~
could be compiled as one pattern with four parameters. Presently it is
" compiled as the concatenation of four patterns. The techniques for this
change are currently known but their implementation will require extra
code in the compiler and hence extra field length, which is currently
unavailable. This change alone should give a significant improvement
in execution speed as well as savings in space since runtime concatenation.
of_patterhs is fuirly slow and requires additionai layers of pattern

structure which also causes the resultant pattern to be larger and slower.
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The fourth improvement in line is the implementation of dedlcated
variables. Variables in SNOBOL4 can be one of several TYPEs at run-
time and their TYPE can change during the execution. This fact requires -
the runtime system to do a TYPE check every time it deals with a var-
iable. This is of course a convenient and powerful feature, but one that
is seldom used for most variables. If the programmer specifies fo the
compiler which variables' TYPEs are constant throughout the execution,
much more efficient code can be genefated in some cases. Specifically
FORTRAN-like code can be generated for dedicated arithmetic expressions
yielding up to one hundred times increase in execution speed. Once
again these techniques are knbwn.and await only more usable field length.

Further developments include having the compiler produce relocatable
binary rather than COMPASS object code; This would save the assembly
phase which actually takes longer than the compilation phase. Eventually -
the compiler could be re-written in COMPASS or SYMPL to speed up the

compilation time and reduce the field length requirements.

4.2 The runtime system. .

The runtime system is fairly solid at this point. The only planned
‘change other than future bug-fixing has to do with the register con-
ventions., A0 is at present not used at all by the runtime library. 1In
addition registers A3, X3, and B3 could be put to bettef use. At present
these registers are used to hold information about the current pattern
during pattern matching and a flag to indicate to the pattern matching
mechanism thaﬁ all further restarts will fail so that the match can be
aborfed in QUICKSCAN mode. If these are placed in core instead of reg-
isters, a memory reference will be required every time their value is
needed, but the registers A3, X3, and B3 would be freed up.for other use,
namely for stack operations. I. E. A3 and X3 could be dedicated to use
by the ES stack andt—#0—and-—B3—could—be-dedicated-to—use—by the—ES—staock
and A0 and B3 éould be deaicated to either the PS or RS or SS stack. This
would afford a savings of the equivalent of seven memory references
for each PUSH of POP of these stacks. This should be an improvement
‘since these stacks are heavily used at runtlme.

The only other known improvement is to make the I/0 operations
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asynchronous. This would save the CP time spent waiting for the PP

to recognize a CIO call. It would, however, add a great deal of complex- L

ity to the I/0 mechanism.

3
-
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441 CAT CCALL(ALTS®) .
442 ~ PUTOUTLEPLO #5381 s CP)
443 CALLLLACNCY) :
444 PP (STACK) TE(FETURR)SISYSIRR)
445 NULL PUTOUTI(SP10 +8X1 X1-X1¢) T(RITURK) '
44¢ KZIYF C . IDINPT $ K = : tF(KFYIRK)
447 ' KEY = 5K 4.0
- 443 L = JIFFeRIKIY) #KEYR® TE(RKZYEPE )5 (T XTACT)
449 KTYR PUTCUT (¢ SBL # KIY $R+) :
» 450 CALLL(*FKW?) t{TSSTIND) ,
T 451 PATASTST ' C SEAN(® +) 2NY(t5.%) $ PAS SPAN(H t) = F(UXPLOCP)
452 PATNUM = PATNUM + 1
W 453 PUTOUT (RXEXL)
RS 454 PUTDUT(SPLO +S26 Ot PATHILM $+114)
455 PUTCUTI(SPLu #SAL Ft PATHUY)
45¢ UST(+DATAY)
457 PUTCUT( 40t PATHUM 4 VF T 30/ 1+30/FK¢ PLTNUM)
458 PUTOUT(SP10 *BSSZ 14)
459 USZ(t*¢)
460 USI(4PATH)
41 PUTOUT (P PATHNUM 4 VFD © 4/5455/D% PATHUN)
462 PUTCUT(AFLY PATNUY PJ 2UASH)
463 PUTOUT(PTF)
464 USE(4%4)
465 US= (#SUB*4)
N3 PUTOUT(#F ¢ PATNUY + JP R3S+ PATNUM)
467 CALL{tLCAY)
468 PUTOUTI(SP10 $SAlL Dt PATNUM 4+14)
469 CCALL(+PTP4) - -
470 PUTCUTISPLO *NZ ElL,FLt PATNUM)
471 UST(4PATH)
472 RN = #*ECA?
473 RN = [DZNT{PAS,+%4) RIA
474 PUTCUT(4PSe PATRUM St1 Dt PATHUY #2+1t)
475 PUTOUT(BX6X1)
47¢ PUTOUT(SPLU *AXé 5¢ %)
- 477 PUTCUT(SP10 %SX6 X6-54)
478 PUTGUT(SPLQ *NZ* SPE #XE,4 X APTFt)
479 CALL(RN)
480 PUTBUTI(SP10 *$Al Dt PATHUM 4+14)
481 CALLU4RPTH) '
s 482 UST(43%4)
. 483 NAMZ(2)
484 RN = ACPA?
. 485 RN = IDENT(PAS,%S4) s1pLe
- 456 CALL{RN)
487 PUTOUT(JP #PTSH)
488 USE (#3:¢) 2 (EXPLICP)
. 489 21 : t{sL)
450 A2 CALL(®LESY)
491 PUSHISTACK,CPTNR) {SXFLCUP)
492 A3 CccC =1 v S0A5A)
493 14 cc .= 20P(STACK)
494 o tCH =
__ 495 A4A CALLUALESY) .
PUSH{RTACK, 1T CC + 1) T (E0)
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1077 MAXLNGTH. '= 13
1u7¢8 STLIMIT. = 14
1079 SPECIAL. = 15 )
1Lu8u FLD = ARFAY(10D)
> 1381 FNCUATR[iM4,4TRIMN4,1)
1082 FNC (*ARRAY*, 2CARY,2)
- 1083 FNC(ATDENT*,*IDT4,2,1)
X108 FRC(ADIFFER A, ADIF*,2,1)

® 1085 ENC(ALT ™04, 2,1)
1u85 FHC(2LE4,0L5P8,2,1)
1087 FRNC(*GT2,46724,2,1)
1068 FRRCIAGES, 40%=04,2,1)
1089 FNC(OECe, 45004, 2,1)
1090 FNC{PNZ4,8NcP*,241)
1091 FRC(ESTZE,2S1Z24,1)
1092 FNCUAREWINDSy R4 441,1)
1093 FNCIADERINE*, $DFN4,10)
1094 FHC{ALINS 3 tLENS,5)

1095 FNC{ATAZA,4TALY,5)

196 FNCAFTARY y¢RTR*,5)
1097 FRC(#RP0OS%E,45)

1098 FNC(#£FCS%t,4,45)

1099 FAC (ASP&iid, 45PN, 3)
1100 FNC(#BESAKE2BEK*,8)
1101_ FRC(PANYS,¢NY4,8)

1102 FNCUONCT AiiY S, tNTL % ,8)
1103 FNC(#NSPANS, tMSPY, 8)
1104 FNC(SPEALCHS , tRCH*,8)
1105 FNCUACUTPUT 4 40TP4,4,1)
1106 FMNO (P TNPUT*, 4 INPY,3,1)
1107 FNC(ALFPAGY  2LPD4y 3)
1108 FNC(#RFA 4, 43P0 Y, 3)
1109 FNCU*IFs,,11,1)

1110 FRNC(ADATE 4, 20DT4,9)
1111 FNCU#COMSNAP, #2052 %, 1,1)
1112 FRNO(2TIMT 2y 2THE 24 1)

2- 1113 ENC(2CLOCKE, £CLKE, 1)
1114 ENC(YERCHCE Y y,1241)
1115 FMC(AUETACHY, 0T, 1,1)

v 1116 FNC(HZIC0I*44571¢,1,1)
1117 FNC (45 MDGRGUP Y, 24T 5RE,2,1)
1118 FNC{AE0RRE , 4206 8,1,1)

1119 FNCASFNCLLEVEL 9 13)
1120 L (AVAXUNGTA+, 11, 14)
1121 FNO(ASTCCUNT A, 5,14%)
1122 NCAASTLINMITS ,12,14)
1123 FLr (4aRBNL*y,15)

1124 FAC (Y ALPHAESET ty416)
,,,,, 1125 FAC(4FPEALSTHS ,0CL34,17)

FNCOPBRIARSTR S, #35T4,17)
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; 1127 FNC{#REPLACE#, #3PL#,18)

1128 ; TENC (#SUBSTR#,#S58S#,3) . _ ‘ 7
1129 .. FNCUtDATE #,tDTEM, L) _ ¢t (RETURNY

3%

e 4 3

ENC FUNCTION

©1130 FNC $(P1 +$FL) = P2

©1131 S $(P1 t&F3t) = P4 : :
1132 . $(P1l 4%F2%) P3 ‘ : {RETURN)

EJECT, GOBBLE FUNCTIGNS

1133. PAGE =

*e

w|m o % %

[ S
4
(%]
=

(RETURM)

s * WORDS, USE FUMCTIONS

1134 1
1135 N
113¢ - . I ME(J,0) 1 + 1

2 /19
P - (I * 10)

. - vy

. 1137 WIRDS I ' T (RETURN)
'll38 usSe .+ PUTSUT(SP10 *usE ot STRY ‘ :{RITURN)

3 :
- ox . NOEND Tefe. NC IND CARD
: N :

T 71139 NOEND . CIFFER(NEXTLABL) - TR(ZNDA)

}1&0. . S PUTOUT (NEXTLABL ¢ EQU FASHENDY) D {ENDAY




.~ AfPEwDIX I



i

‘DUMP?EG“““OOUO11“““*00000030“"‘T2“V0V‘7U“I2T32T32““‘"¢M°1TTK“

FLI31.,2C PROCESSING (T3RARY FROM BIN AT 12:65:;33 30 AUG 73
OPTIONS ;v ~ == “COMMON =~ MAP -~ - :
.PROGIAM  LENGTH INDEX DATE TIME PROCESSOR
FASSSBS™77000065 " ""00000001"~ 26 AUG 73 "14:07104— CMP274AT
FASSINP 000054 00000003 26 AUG 73 14:33:35 CMP2,440
FASSEW 000021 000n0005 12 AUG 73 17:14342 CM22,440
FAS3.PD 000024 00000006 12 AUG 73 22:08:37 CMP2 440
FASS3AL 000015 00000007 25 JUN 73 00:55:32 CMP2,4A0
FASSCSP 000003 00000010 25 JUN 73 00:55:33 CMP2,4A0
C FASSRPL T 0001117777700000011 77718 AUGT 73 23125109 " CMP2,6A0
FAS$SBR 001015 00000013 24 JUN 73 23:04:41 CMP24440
FASSYCM 000004 00000014 26 JUN 73 23:04:20 CMP2,4A0
FASSCLK 000013 00000015 31 MAY 73 19:53:19 CM22,4A0
FASSTME 000016 00000016 31 MAY 73 19:53:21 CMP2,4A0
FASSITP 000114 00000017 19 AUG 73 13:25:48 CMP2,4A0
FAS$CSR ™ 000017 7700000021 04 JUN—T3 221485112 CMP274AT:
FAS$3CH 000025 00000022 24 JUN 73 23:04:34 IMP2,4A0
FAS§®SR 000037 00000023 25 APR 73 15:35:00 CMP2,340
- FAS$DAT 000076 00000024 24 JUN 73 23:04:01} CMP2,440
FASSASR 000037 00000026 25 APR 73 16:32:24 M92,3A0
FAS3CVR 000037 00000027 25 APR 73 15;32:58" CMP2,3A0

RESTORE 000042 00000031 12 NOv 70 12:32:32 CMP1,14A4
SAVEREG 900123 00000032 12 NOV 7n 12:32:32 CM21.1A4
FASSACY 000037 00000034 24 JUN 73 23:03:44 fMP2 4470
FASHANG 000030 00000036 25 APR 73 1%5:32:13 C4P2,340
FAS$ARB 000013 00000037 24 JUN 73 23:03:145 CMP>,4A
‘FAS$ANY““”00ooa¢“"“mooooooaO“““2¢“duw“73"23:03143*—”‘“CWP2:4A0
FAS$ARD 000076 00000041 25 APR 73 15:32:18 CMP2,3A0
FAS$ASC 000005 00000043 24 JUN 73 23:03:47 CMP2.4A)
FASTASG 000031 00000044 24 JUN 73 23:03:48 CMP2,4A0
FASE3RK 000011 00000046 24 JUN 73 23:n3:51 CMP2,4 440
FAS$3KT 000033 00000047 24 JUN 73 23:03;50 CMP2 440

. FASSCEN™""000072"""00000050 N4 AUG 73 15115143 ——CMP 23 4AT
FASECKA 000006 00000052 25 APR 73 15%:132145 " CMP2,3A0
FASHECNC 000330 00090053 04 AUG 73 1631551 CMP2,4A0
FASSC0M 000564 00000057 24 JUN 73 23:03:59 CMP2,44A0
FAS$CPS 000015 00000062 25 APR 73 15:32:55 CMP2,3A0
FAS$DFN 000007 00000063 24 JUN 73 23:04103 CMP2,4A0
FASSOID " 000003~ """ 00000064 25TAPR 73716133105 (1925 3A0
FASgIRD 000006 00000065 25 APR 73 156:33:p5 CmP2,340
FAS$)SA 000012 00000066 25 APR 73 16:33108 CMP2.340
FAS$ISD  goo0021 00000067 30 APR 73 04:42;00 CM22 349
FASHDTE 000013 00000070 25 APR 73 15:33ipn8 CM22.344
FASSIND 000015 00000071 31 vAY 73 13:53:26 SMD2,4A0
FASRZRR ~-000033—00000072 ~~ 25 APR—73-15133115————CMP2 . 30—
FASSZSR 000042 00000G73 25 APR 73 156:33:!16 CMP243A0
FAS$EXP 000014 00000075 25 4pR 73 15:33:18 CMP2,340
FASEFKW 000021 00000076 31 MAY 73 19:53:27 CMP2,440
FASSFLR 000004 00000077 30 APR 73 04:42:n2 CMP2,34a0
FAS$FRS 000366 00000100 04 AUG 73 156:15:5% CMD2,440
FAS33AR  gp0232

- 00000106~ 24-JUN-73 231043 09————-CMB2,4A0



- FASSIAT —000113-—-00000112—26-AUG73—147:3B;30————CMP2,4An
FASSILZ 000062 00000114 19 AUG 73 13:25:45 CMP2,4A0
FASSIOC 000030 100000116 19 AUG 73 13:25t47 CMP2,64A0
"FASHINT 000015 00000120 24 JUN 73 23;04:15 CH22,4A0
FASRIPR 000052 00000121 24 JUN 73 23:04:15 CM2 2,440
FAS$1SG 000003 00000123 25 APR 73 16:33:50 CMP2 340

T FASSITS == 000074 00000124 25 APR 73716133151 "CMP243AN
FASRIVVY 000031 00000126 25 APR 73 15:33:53 oM22,3A0
FASg.EN - 000005 00000130 24 JUN 73 23:04:18 | CMP2,440
FASSLGT 000026 . 00000131 25 APR 73 15:34%:27 CMP 2,340
FASSVAT 000102 ~ 00000132 24 JUN T3 23:04:17 CMP2,.4A0
FASg¥KI 000007 00000135 25 APR 73 16:3433 CM22,3A0

~ FASHMKN —— 000015—— 00000136 --25-APR-73 15334135 —~CMP2.3A0
FASgUK? 000032 00000137 24 JUN 73 23:04:21 CMP2,440
FASSYKS 000007 . 0000014} 25 APR 73 16134137 CMP2.340
FASHYST 000024 00000142 25 APR 73 15:34:38 CM2243A0
FASs9SK 000013 00000143 25 APR 73 15:;34:40 CMP2,340 -
FASSMST 000045 00000144 24 JUN 73 23:04:22 CMP2,64A0

"FASSUTR—™ 000104 00000146 12-AUG 7317147123 CMP274AN
FASgvVS 000036 00000150 26 AUG 73 14:006144 CMP2,4A0
FASSIJAT 000064 00000151 24 JUN 73 23:04:25 CMP2.4A0
FAS3OUT 000022 00000153. 25 APR 73 15:34:53 CMP2 340
FASE2AR 000004 00000154 25 APR 73 16:34:54 CMP2,340

~ FAS$PAS 000030 0000015% 24 JUN 73 23:04:30 CMP2,4A0
-~ FAS$2AT——000033———00000157 24— JUN—73-23104331———CMP 23640
FAS$20S 000013 00000161 25 APR 73 15:35:00 CMP2,3A0
FASg TP 000032 00000162 24 JUN 73 23:064:32 CMP2,4A0
FASFRAR - 000022 00000164 31 MAY 73 19:54:02 CMP2,440
FASSIEM 000003 00000155 24 JUN 73 23:04:35 CM22,4A0
FAS$ET 000055 00000166 - 24 JUN 73 23:04:35 CMP2,4A0
~FAS$ISG6-—-000004——00000170——25-APR—73-15435:11—CM22+3490
FASERTH 000005 00000171 24 JUN 73 23:04:40 CMpPR2.44A0
FASgRTS 000034 00000172 25 APR 73 15:3%:;12 CHMP2,340
FASSSIZ 000006 00000173 25 APR 73 1513513 CMP2,3A0
FAS$SKW4 000013 00000174 24 JUN 73 23:04141 CMP2,4A0
FASHSNP 000062 00090175 24 JUN 73 23:064:43 CMP2,44
~FASESPN-——000024——00000177——24—guUN-T3-23104144 CM22 ¢4A0
FASSRS 000025 00000200 24 JUN 73 23:06:44 CMP244AQ
FASSSSG 000021 000002071 25 APR 73 15:35:20 CMP2,3A0
FASHSSR 000037 00000202 04 AUG 73 16316103 CMP2 ,440
FAS3STE 000126 00000204 04 AUG 73 15116805 CMP2,4A0
FASSSTI 000034 00000207 25 APR 73 156:35:25 CMP2 340
FAS3ESTR--—000065--—00000210-——25-AP-73- 15135145~ CM32,340
FAS3SYM . 000153 00000212 24 JUN 73 23:p64148 CMP2.4A0
FASHTAR 000010 00000215 24 JUN 73 23:04:52 CMP2,440
FASETRM 000052 00000216 25 APR 73 15:35:5% CMP2,340
FASSVAL 000005 00000220 25 APR 73 15:35:155% C422,340
FASEVPR 000031 00000221 31 MAY 73 13:%4:20 CMP2,449
PRINTRG —-00013Y--—00000222-—-25-APR-73-15:35:53- CMP 2,341

My

Pasa

FAS$5PB 000007 00000111 26 JUN 73 23:04312 CMP2,4A0

- 99 DECKS IN LIBRARY
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FASRJL COMPILER VEX 0.2 08/25/73 13:37:46

000001 # .

000002 # TO20L0GICALI SORT

Qggggz :' .MAPS A PARTIAL ORDERING OF O3JECTS INTO 4 LINEAR ORDERING
£ . ) :

000005 1 STTIME = TIME() -

000006 2 PAIR = 3REAK(t<t) , MU LEN(1) RREAK(*s4) , NU LEN(1)
£H00007 3 DATA(AITEM(COUNT,TOP) #)

$00008 4 DATA (*NODE (SJCyHNEXT) 4)

000009 5 DEFINE (*INDEX (TAU) #)

000010 #

000011 (3 READ IN THE NJMKER OF ITEMSy Ny AND GENERATE AN
000012 & ARRAY OF ITEVS.

000013 & EACH ITEM HaS Tw0 FIELDSe (COUNT,TOP)s WHERE

000014 LA COJNT = NO, OF ELEMENTS PRECEDING IT,

000015 # TO® = TOP OF LIST OF ITEMs SUCCEEDING IT,

_000016 #
00nol7 6 N = TRIM(INPJT)

000018 7 X = GRRAY(40/2 N)

000019 # . ’
000020 # INITIALIZE THE ITEMS TO (neNULL)
00002l & :

000022 8 11 X(I) = ITEM(04) tF(T1A)
000023 9 1 ) =1 ¢+ 1 (T
000024 & :

000025 : L READ IN RELATIONS
000026 T8 - . .
000027 . 10 T1la DUTPUT .= & THE RELATIONS ARE »

_.000028 11 T2a " REL: = TRIMUINPUT) 494 tF(T34A)
060029 12 o ouTPUT = 4 ¢ REL

. 000030 13 T2 REL : PAIR = tF(T24)
000031 ’ 14 ) J = INJEX (M)

000032 15 K = INDEX (W)
000033 - : # ’

000034 # SINCE MU < NJ, INGRFASE THE COUNT OF THE KTH ITFM
000035 # AND ADD a4 NODE TO THE LIST OF SUCCESSORS OF THE
000036 : & JT4 ITEM
000037 BR.2
000038 - : 16 T3 COUNT(X[K)) = COUNT(X[K]) + 1
000039 - 17 TOP(XT{J)) = NODE(KsTIP(X(JI)) . $1(T2)
000040 Ll : L
000041 18 INITIALIZE THE QUEJE FOR QUTPUT
2000642 .18 T34 R = :

000943 19 COUNT(X[0])) = 0
000044 - 20 < = 0 .

'300065 21 T4 < = LT(K)N) < + 1 tF(T4A)
200046 22 SOUNT(XIR)) = EQ(CIOUNT(XIKI])»0) K tF(T4)
000067 23 R = < 3(T4)
000048 2% TaA F = COUNT(X(0])

000049 #

000050 ® JUTPUT THE FRDNT OF THE QUIUE

000051 -

000052 25 JUTPUT + THE LINEAR ORNERING IS »

- 000053 26715 JUTPUT = NETF 01 % & $(F &/ 1F(T8)



___00005% 27 \ = N -]
000035 28 -] = TIOS(X(F
¢ 0000356 o
000057 o ERASE RELATIONS
0000358 ®
C 000059 29 T6 IDENT (®) : IS(TT)
3 000050 30 : Y = COUNT(X(SUC(P)])
000051 31 COUNT(XTSUCI31 1) = 4T(Yo1) ¥ = 1 1S(T64)
000062 32 COJNT(XLSUC() ) = 0
000053 J
95 000054 L ® IF COUNT IS Z£R0 aDD ITEM TO QUEUE,
000055 o
000056 a3 COUNT (X[R)) = SUC(RP)
000057 3% R = 3JC(P)
( 000058 35 T6A P = NEXT(P) 1(Te)
000059 »
000070 # REMOVE FR04 JJEUE,
( 000071 »
000072 36 T7 F = COJNT(XLF)) 1(T5)
000073 #
( 000074 T FUNCTION DNEFINITIONS,
' 000075 37 INDEX  INDEX = DIFFER(S(TAU 4/4)) $(TAy #/#)  3S(RETURN)
000076 38 TERMCT = LT(TERYCT V) TERMCT + 1 tF (FRETURN)
(- 000077 39 INDEX = TE’RMCT _
000078 40 $(TERMCT 4/4) = TAU .
000079 41 $(TAU */%) = TERMCT 1 (RETURN)
¢ 000080 & . .
000081 42 T8 OUTPUT = VE(N+0) + THE ORDERING CONTAINS a LOOP+
000092 43 DUTPUT = & EXECUTION TIME WaS a TIME() = STTIME + MS.#
C
~ 19 VARTASLES ENCOUNTERED
( 66 CONSTANTS SEEN
g FIXS MADE
(
(
#TOTAL COMPILATION. TIME:15637 4S.s» 0 ERRIR DIAGNOSTICS®
(
.
(-
¢ .
.
T
(
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13.14.39  08/30/73 MTPUT

¢
&
FASAIL _COMPILE® VEF 0.2 08/30/73  13:13:21
¢
000001 : e et e e e e ol 42 g 4R Sl K OO e S o Mo e o ol e o et i oo sk ok et g oo sl b bk ook ok ket ook ko ok sk ok ok o
300002 . * M
(13- 200003 * THIS PPOGRAM COMPUTES AND PRINTS A TABLE OF N FACTORIAL *
I 33233_; * FOR _VAL'YES CF M FROM 1 THROUGH AN _UPPER LIMIT #MX*t,. *
= .
(:3 000006 * 1T DEMONST2ATES A METHCD OF MANIPULATING NUMBERS WHICH ARE =
A 000007 = TOO LARGE FCR THE COMPUTER, AS STRINGS OF CHARACTERS., THE *
000008. = COMMAS IN THE PRINTED VALUES ARE (OPTIONAL, ADDED FOR READING *
-€ 200009 * EASE. *
.. 000010 * M
000011 ez e s o e e djeats s e 0o ofe R ok e A ale e ek ok ek ale ke de o Ak ook 2 e ode ¢ o ok e oK v e e o e o ek o s e o ofe ok ok Ao ok s e sk Kok ek
€ . oooo0r2 %
000013 ® INITIALI ZATION
000014 %
€ 000015 1 NX = 35
300016 *
200017 . 2 M =1
g 300018 3 NSET =1
000019 4 NUM = ARRAY(1000)
) 000020 5 NUNIL) =1
€. 200021 6 FILL = ARRAY{+0/3%)
000022 i FLLLLO] = *000*
000023 8 FILLEL) = *00*
€ 000024 9 FILLI2) = 40¢
000025 *
200026 10 2UYTPUT = ¢ TABLE OF FACTOPIALS FOR 1 THROUGH * NX
€ 000027 o1l CUTPUT = .
- 900028 : * .
000029 . " ' COMPUTE THE NEXT VALUE FROM THE PREVIOUS ONE.
€ 000030 * : : '
000031 12 L1 I =1
000032 ' 13 L2 NUM[ 1) = NUM[IT = N :F (ERR)
© 000033 14 I = LT(I4NSET) I + 1L $5(L2)
000034 15 v = 1 .
300935 16 1.3 LT(NUM[ 11,1000} tS(L4)
(i 200036 17 NUMX = MUM{I] / 1000. tF(ERR)
000037 ) 18 NUMET + L) = NUMET + 11 + NUMX :F(ERR)
: 000038 - 19 NUMET ] = NUM[T) - 1000 * NUMX :F(ERR)
(8] 000039 20 L4 1 = LT(I,NSET) I + 1 _ :S(L3)
o _..000040 * :
= 000041 * FOPM A STRING REPRESENTING THE FACTCRIAL.
&= 000042 - * , .
000043 21 LS MSET = DIFFER(MUMINSET + 11) MSET + 1
. .000044 22 NUVBE® = NUMINSET)  3F(ERR)
ﬁbx\ 000045 : 23 7 = GT(NSET, 1) NSET - 1 SF(LT)
9000046 24 LA NUMBED = MUMAER ¢,¢ FILLISIZE(NUNMITIIT MMLT]
o 000047 25 i = GT(i,y 1) I - 1 $S(L6)
e 000048 * :
000049 . * SYTPUT & LIME OF THE TABLE
-00CN50° * :
© 000951 26 L7 nuUTPUT = N #4=2z NUVBEP
.- 000052 27 b = LT(NGNX) N + 1 $S{LL)F(END)

000053 e



e o | o
900054 ' x ERPEOF TERMIMATION
: - 300055 - * ‘ i o . v . )
& oovose 28 FR? CUTPUT = N #¢ CANNOT BE COMPUTED BECAUSE OF TABLE OVERFLOW.#
000057 29 . TUTPUT = ¢ INCREASE THE SIZE OF ARRAY NUM .¢
: 000058 , * o .
@E; . 000059 . 30 END
). - 10 VARTABLES ENCAUMTERED
7, 33 CONSTANTS SEEN . )
* 5 FIXS MADE '
€ #TOTAL COMPILATIOM TIME:3500 MS., O EKROR DIAGNNSTICS*
<
&
B e - . - L B . - . M L




- .
- AGLFE CF FACTIRIALS FOT 1 THROUGH 35
( 14=1
» 2+=2
¢ 3¢=6
- 4224 .
2 5e=120
: 64=720
{ 74=5,040
_3& 8+=40,320
342362, 880
4 10+=3,628,800

_.11%=39,916,3800

. 12+=479, 001,600

€ 134=64227,020,800
14¢=87,178,291,200
15’=1,307,674,3681000

4 154=20,922,789,5388,000

o 17%=355,681:428,096,000

. 18‘=6,4029373'70517281000
£ 19 8=121, 645, 1 C0y 408, 832, 000
204=2,432,9024008,176,640,000
21%=51,0901942,1714709,440,000
¢ L 22421,1249000,727,7774607,680,000
234=25,852,016,738,884,276,640,000

2442620y 4489401y 7334239,439,360,000
25%=15,511,2109043,330,985,984,000,000
26’=4)3129},461'12616051635’58410001000
274=10,888,869945044189y352y l60,7068,000,000

€) 284=304,888,344,611,713,860,501,504,000,000

. ' 29423,941,761,993, 739,791,954, 543,515,000, 000

3042265 19252,8599812,191,052,63065308,490,000,000

QD 31%=3,222948339654491779922,817,7254562,+880,000,000

) 3242263, 1309R369933,693,530,167,213,012,1560,000,000
33‘=81683’3179618y811y886149515l691941401,280'0001000
34’?2951232)799y0391004,140'347r613,60q1643y5207000,000

354=10,333,1473966,386,14%,929,6606,651,337,523,200,000,000

W |
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