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SCHEME 3.1 Reference Manual

ABSTRACT: This technical report reproduces the SCHEME Version
3.1 reference manual, dated August 2, 1979. This implementation
consists of a compiler, which compiles the user input into a
specially designed machine language, and an interpreter for that
machine language. The implementation includes enhancements to
support classes and multiprocessing. A complete listing of the

LISP 1.6 code is included.



Scheme on IUCS VAX.

There is a version of scheme on the IUCS VAX, running under Franz
Lisp. It is intended to run under Emacs, so the editing facilities
are minimal. ‘

This version lives in the identical files fusiu/mw/scheme/scheme and

/usiu/mw/scheme/scheme.o . These may be loaded from Frang Lisp via

(load '/usiu/mw/scheme/scheme) or run dlrectly from the top level via
the command /usiu/mw/scheme/scheme .

The scheme function aload provides a convenient facility for loading
files. Usage is (aload 'filename). Aload does not diddle with
filename suffixes, so beware. :

Name conflicts:

The system shuts off lisp's "let.™

Scheme's "do" has been changed to "ado.™

My standard suffix for scheme files is .s .

All documentation, etec., lives in the direbtory /usiu/mw/schzme.
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I53 — Scheme 3.1 for use with ILISP

There is now a version of Scheme 3.1 compatible with ILISP.
The primary additions to Scheme 3.1 are features EDITSV and EDITSF
for editing Scheme values and functions.

To run the new version, start ILISP with at least 4000 words
of binary program space and load INIT.LSP[50106,5000] and
I83.IAP[50106,5000].

INIT.LSP[50106,5000] contains a variety of useful gocdies.
It redefines DE, DF, and DM sc that they open an editor window to allow
the user tc insert the neme of the defined function on the list FNS.
Tt adds ~(back—quote), ,(comma), and !(exclamation point) as macro
characters for build (=unlist=quasi-quote). Comma and exclamation point
are used for consing cor splicing values.

The function "INDEX-FN" controls the addition of functicn
names to FNS. It opens an editor window whenever its argument (an atom)
is not already on FNS and the variable *NOINSERT is nil. The editcr
then does (INSERT fn-name BEFORE TTY:). Channels are switched properly
so that the editer takes its input from the tty even if the DE is being
read from ancther file. The editor call is wrapped in an ERRSET so that
editor errors (e.g. STOP) cause the input file tc be resumed.

The fexpr SAVE allows the user to save everything on FNS and
continue with his run. The first time SAVE is called, it should be
called as (SAVE "filename"). Henceforth, it should be called as (SAVE);
the previocus filename is remembered.

IS3.IAP[50106,5000] contains an fsubr EDITSV and scheme magic
word EDITSF which allow the user to edit scheme values and functions,
respectively. Also, DEFINE now calls INDEX-FN, so that DEFINEA
functions will be put on the FNS list under direction of the editor.
DSM alsc calls INDEX—FN.

The interrupt interval is ncw controlled by a LISP variable
#INTERVAL, initially set at 200. milliseconds.

The top-level has now been changed, so that after lcading cr
after control-G, the user is immediately typing at Scheme. To switch
to LISP, use (INITFN NIL). To restart Scheme, use (INITFN READLOOP).
To evaluate a single LISP form from the top level of Scheme, it is
not necessary to switch; typing ~@,form will evaluate form in LISP
and return its value, wrapped in a QUOTE.

A new magic word, ASELECTQ, has been added. It works just like
SELECTQ in ILISP. It allows lists of atoms as case selectors, and

requires a default action as the last element of the form, just like
ITLISP's SELECTQ.

The source code is also available, in IS3[50106,5000].



SCHEME Versicn 3.1
Rag 2, 1919

1. Intrcducticn

This file is a user's manual for a new implementaticn of the
programming language SCHEME, ccmpatible with the Revised
Repcrt cn SCHEME, (MIT AI Memo #452, January 1978).
This implementation is the third versicn cf SCHEME preduced
at IU. Fcr the remainder of this report, the previcus
production version ‘({dated September - Lecember, 1978) is
referred tc as Versicn 2.

SCEEME is an agpplicative dialect of LISP. It is
an expressicn-oriented, applicative-order, lexically-scoped
lamkda-calculus-kased lanquage. In SCHEEME, functicns are
first-class data clkjects. They may be rassed as parameters,
returned as values, or included in other data structures.
Another difference frcm LISP is that SCHEME is implemented
in such a say that tail-recursions execute without net
growth of the interpreter stack. The effect cf this is
that a frccedure call behaves like a GOTC, and thus
procedure calls can ke used to implement iteraticns
as in Hewitt's FLASEA.

For more informaticn on SCHEME, see MIT AI Memo 45%,
from which the akove summary is extracted, and the other
dccuments cited therein.

This implenmentation of SCHEME differs from the one
descrikted in AIM 452 ip that it is NOT an interpreter. It
ccnsists ¢f a cempiler, which compiles the
user input into a specially designed machine language, and
an intergreter (simulater?) for that machine language.

In addition, versicn 3 cffers a new kind cf functicn, called
an OBJECT, which implements the classes and ckjects of
SMALLTALK, FLASMA, etc.

Cur machipe, hcwever, is quite different from the
usual "interpretation machine" for SCHEME or LISP (€.g.
version 2 cf SCHEME or the CODA machine). It is
designed s¢ that the ccmpiler can easily perform a number
of useful cptimizaticns. We will not discuss the machine
in detail in this document. It will be discussed wmore
fcrrally ir an fcrtheceming IU CSD technical report.

SCBEME Version 3 runs about twice as fast as versicn 2.

Cn LISP prctlems, it runs only 2.5-5.0 times as slcwly as inter-
Freted LISE ccde.

2. Llist cf features inmplemented.
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The fcllowing features of SCHEMEF are isplemented:

varialbles

ccmbinaticrs

CUCTE

LAMEDA

IF {Iwvc-armed IF conly)
LABELS

CEFINE (all 3 forms cf CEFINE are suppcrted.
(TEFINE identifier expression) defines the global value of
identifier to be the value of expressicn , which need nct
ke a lamkda expression. DEFINE alsc stores expression
itself on the property list of didentifier , under the
SCHEME-SCURCE indicator).

ASETQ

BRCCPE ;

ENCLOSE (The first argument to ENCLOSE must ke

2 lantda-expression)

FLUID !

FLUILEINT

FLUIDSETC

CATCH

STATIC

Any fcrm whose CAR has the fexpr or fsubkr property is
passed directly to LISP feor evaluation. This is useful for
dcing GRINLEFs, etc. Cf course, if the FSUER or FEXIPR tries
to evaluate scome form cktained frcm its argument, the
variable references will not refer to SCHEME variatles. This
is a cosmor scurce of UNBCUND VARIAELE-EVAL errors.

It is alsc useful for manipulating the values of LISP
variables €.g9. (SETIQ JUNK %%%L) or (SETC #CCMPILETRACE T).

Any atom with a non-null expr, subr, lexpr, lsubr, or
Bacrc property is treated as a primitive cperation. If a
fcrm with such an atem in the car position is evaluated,
it is treated as a coskinaticn, and the evaluated
actual farameters are passed to the LISP function named.
Thus (CAR X) always uses LISP's CAR, even though CAR
may be lexically tkcund to scme cther functicn. This
is prcocbably a crock, and may go away in later versions.
(so don't use CAR as & variable name.)
Ncte alsc that scme functions that you might expect
to te lsukrs are in fact fsubrs (e€.g. LIST). This
will usually cause an UNBECUND VARIAELE-- SCEEME-EEREOR
message.

The following syntactic macrcs are prcvided:

BLOCK
LET
IEST
CCNL
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LIST

ple
ITERATE
OR

ARLD
AMAPCAR

LEFINE and STATIC are actually implemented as
syntactic macrcs.

3. Features unimplemented.

The fcllowing features of SCHEME are NCT implemented
in S3 as cof this date:

211 multiprocessing commands
Macrcs with SCHEME code for their bodies

¥ore of the syntactic macros in the report are implemented,
except for the cnes listed above. Users are encotraged tc implement
these. PMacrcs created with DSM in version 2 should translite without
change toc version 3.

4. The ccmpiler.

User input is translated by the functicn CCOMPILE into
machine ccde fcr a specially designed machine (the S-machire).
The S-machine has 7 main registers:

#1R
#CSTACK
#ENV
#ENVSTACK
#VALSTACK
#FENV
#FENVSTACK

The S-machine has a traditional fetch-execute cycle.
The CAAR of the cstack is fetched to the ir and the cstack
is advanceé¢ cne step. The cpccde is extracted from '
the ir ard executed. This all happens in a functicn called
IFNERLCCE. The following instructicns are implemented:

(PUSHI ccnst)

(PUSH ident)

(EUSE-EXYV)

(PCE-ENV)

(AEELY-EXCE lisp-f£fn)
(EVAL-FEXPF lisg-fcrIn)
(AEPLY nrunmker-cf-args)
(PUSH-CICSURE Lvars ccde)
(TEST ccdel ccdel)

(STCRE idert)

(SET-LREELS ids ((kvars . code)* )),
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(GLOBAL-STCRE id)

(PUSH~-OEJECT flag (msg bvars . bed)* )
(EUSH-FENV)

(POP-FEXNYV)

(EESH-FLUII id)

(FLUILEIXIL n vars ccde)

(FLUIDSTCRE id)

(CATCH (id) ccde)

The intent c¢f the code gererated is tc push the value
cf the ccrfiled expression cnto the valstack, like in any
good stack machine. Separate stacks are provided for saving
the envircrment and the fluid environment. This enakbles the
compiler tc decide whether cr nct the environment needs saving,
rather thar having tc save it every time. Having separate
stacks alsc simplifies the stack synchronization proktlen.

Pacrcs are expanded at compile time.
Fead and enjoy the ccde if you wart tc learn more.

5. Classes.

A feature cf this isplementaticn, not fcund in SCHEENE,
is a previsicn for classes and okjects, a la SINULA or SMALLTALK.
We use the SMALLTALK terminclogy apd say that an object is an
instance cf a class.

Bn okject in SEALLTALK differs frcm a closure only
in that it may take argument lists of different lengths, depending
cn the value cf its first argument, e.g.
(c @contents)
(c dset U4)
Ancther way ¢f saying this is that an ckject consists of a SET
of closures indexed ky the first actual parameter. Again, we follow the
SMALLTALK terminclcgy and call this parameter the MESSAGE.

If an otject is like a clcsure, then it shculd be
created by evaluating scmething like a lamkda-expression.
The syntax we have checsen is:

(CLASS basis . (msg lambda-expression)* )

|
When this expression is evaluated, the lamlda-expressions
are closed in an envircnment in which the identifier SELF is
bcund tc thke newly created object. This provides self-referential
capacity. These closures are them crganized in an association lis
with the messages. :

If tasis is not the atcx NIL, then it shculd evaluate
tc an object. The newly-created message-clesure pairs
are prefixed tc the association list of this okject.
This gives the effect cf a ccncatenated class instance.
Urlike SIMULA ckjects, several of cur ckjects may share
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the same kasis clbject. We have nct fully explcred the
implicaticrs cf this pessibility.

%hile this discussicn has been phrased in

terms of asscciaticn lists and clcsures, the actual
implemenrtaticn uses a special data structure te cut

down on the numker of conses perfcrmed. See the ccde
fcr details.

This class facility differs frcm that in version 2

of SCHEME in that locals have been deleted, the basis has
been added, and the implicit LABELS has been changed to
SELF.

Examples:

(CEFINE {(CELL X) |[CLASS NIL

(CCNTENTS (LAMEDA () X))
{SET (LAMEDA (V) (ASETC X V)))))

(CEFINE (ISCEEMENTAELE-CELL X) (CLASS

(CELL X) The Lasis
{INCR (IAFEDA () (SELF B3SET (ALL1 (SELF @2CCNTENTS))))) ))

(DEFINE ({TFACED-CEIL X)

(LET ((EASIS (CELL X)))
(CIASS BASIS
(SET (LAMBDA (V)
{BLOCK
(ERINT (LIST @TRACE-MSG:
(BASIS @CCNTENIS)
@CHANGED-TO
V))
(BASIS BSET V) ) )) ) ) )

(CEFINE (BESETTABLE CELL X)
(CLASS ({CEIL X)

(RESET (LANMEDA () (SELF Q@SET X))) ) )

This allows things like (RESETTABLE TRACEL-CELL 5).

A guard in the print rcutine prevents things like this fron
printing (at least mest of the time). Try

(ASETQ C (FESETTAELE TRACELC-CELL 5))

(C
(C
(C
(C
{C
(C
(C

€.

2CONTENTS)
aSET 6)
@CONTENTS)
2SET 7)
2CONTEN1S)
2RESET)
2CONTER1S)

Macics.
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Syrtactic macrcs may be defined using the L[ISPE FEXIE

(LM pame Ekvar Lkecdy)

defines a rew syntactic macro called rame . Whenever an
expressicn whcse car is name is to te compiled, the

lisp code in tody is evaluated in an envircnment in which
the identifier bvar is bound to the expressicn. the
resulting SCHEME expression is then compiled.

Tc aid in the constructicn cf macrcs, the function
EUILL (a2 FSUEE) is prcvided. BUILD implements what is
called varicusly "ungquoting quote" (AIF 452), "back quote"
{the MIT LISE machine), "unlist" {(Can Friedman), cr
"guasi-qucte" (Quine). When (BUILD . fcrm) is evaluated,
form is taken as a pattern. Atoms appearing in form
are takem as literals. 1Items of the fcrm (VAL expr)
prcduce sirgle items equal to the value of expr. Items
of the form (SPLICE expr) procduce segments which are
arrended irtc the result. An example will clarify this.
If the value cf X is

(2 ECTI)
Then the value cf

(EUILL THE CAR IS (VAL (CAR X)) (AND THE CLCR IS

(SELICE (CDE X)) ))

I8

{IHE CAR IS5 A (ANL THE CLCE IS E C L))

A splice is like Hewitt's "unpack" operator "!", ard
need not appear last ip the pattern, thcugh it usuvally does.

Sirce EBUILL is an FSUBR, if BUILD is called from
ccanpiled ccde, any LISE variable names appearing in
the argument toc BUILLC need tc ke declared SPECIAL.

Se€ the code fcr examples.,

7. Interrupts and Multiprccessing

This versicn cf SCHEME features an interrugt
system ccnsiderably different from that used in
AIM 452, The LISP varijakle #ENABLED ccntrcls the
enabling ¢f interrupts. If #ENAELEL is non-nil, then
interrupts are enatled. #ENABLEL is ipitialized tc
NIL.

The effect cf an interrupt is that
the evalyaticon cof scee identifier var is perfcrmed
as if it were

{(FLUID PREENMET) var)
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The user may write his cwn function PREEMPI.
For example, cne may write:

(CEFINE ERFEMET (X) (ELOCK (PRINT @GOTCHA) X))

This facility is encugh tc write rather scphisticated
multiprccessing systems. Details will appear in a
forthcoming IU CSL TR.

Inéividual instructicns are uninterruptible.
(Thus, apy calls cn LISP functicns, such as READ cr
PEINT, are uninterruptible). The interrupt interval
is currently set at 5C msec. -

Interrupts are implemented by modifying the
behavior cf thke instructicn PUSH. See the ccde
fcr details.
8. Crperaticn

Versicn 3 c¢f SCHEME requires 2500 words of Lkinary
program space. A minimur ccre allocaticn cf 20k is recommended.

A 25K core image is stcred cn pgn [10353,1C00]. Tc rum
it, tyre:

.RU SCHEFE[ 10353,1000]
* (REATLCCE)

This starts the read lccp. To run other sizes, doc the fcllowing:
-.R LISP KN;/A NN is the desired core size

FEEE STCRRGE= (type a space)

BIN. PRCG. SP.=3500(sF)

(type spaces to other allccaticn reguests)

LISP 1.6[IUFUI MM-LLD-YY)

* (CCTAL)

10 ' ' :
* (DSKIN {5C106 5003) (S3.LAE))

(RUG-2-79)

FINISHEL-LCALING
* (DECIMAL)

10
* (READLCCE)

Tc return from SCHEME to LISP type control-G as
usual. This should nct ke necessary tcc cften.
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Three LISP variables allcw ycu tc watch the systenm

work:

#CCMPILETRACE Frints the compiled code fcr each
user input pricr tc executicn.
It is pretty-printed for readability.

#INSTRUKEKTATION Prints performance data after each
evaluation.

*PCTIRACE Prints-out the ir at each

rachine sterg.

These switches are off when set tc NIL (default)
and cn ctherwise. The first character in #CCMPILETRACE
and #INSTEUMENTATICE is number-sign or hash (shift-3 cr
BSCII 35), and the first character in *PCTRACE is
asterisk (2SCII 42). This information is provided feor
those of ycu reading this file frcm cne cf cur screwier
Frinters.

Files fcr varicus versions of SCHEME will te kept
cn FEN [50106,5003]. These include:

S3.HLP (This file)
S3.LSP : (LISP EXPR ccde)
S3.LAP (LAE file)

These EPNs may change. Updates concerning these
and other changes will re prefixed toc this file.

Feport tugs, inaccuracies, and cther problems to
Mitch wWard IH 205 7-5733. I also have a limited numker
of copies cf the Revised Report ¢n SCHEME and cther SCHEME
dccuments.

If ycu wind up using SCHEFE sericusly (fer a project,
etc.) flease let me kncw so I can keep track cof you and let
you know cf any changes. If there is sufficient
interest, I will create a SCHEME.MSG file fcr current
updates.
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