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Alonzo Church and Steph&iteeng(1930)¢ <Calculus

(to cleanly define "computable functions" )

W2KyYy aO/ | NIKeé ofl aS
(used< Calculus to describe the operation of a computing machine to prove theoren
about computation)

l

aLCaribhakia 27

l

aL¢ 'L [

l

Symbolicand LMI




oMacLisg Tl YAt e a

1975

TheCONSrototype (MIT)
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1992

TheCADRaka MIT Lisp Machine (MIT)

LM-2 Symbolicd.isp Machine, repackageADR LMI Lisp Machinsame as CADR
L-Machine- Symbolic3600, later 3640, 3670

LMI Lambda Tl Explorelsame as LMI Lambda
G-Machine- Symbolic3650

LMI KkMachine

I-Machine,SymbolicsX1-400,Macivoryl T1 Exploredl - u-Explorer
Macivoryll

I-Machine,SymbolicsX1:1200 ,Macivorylll

XL1200, UA200

Maclvorylll

Virtual Lisp Machindaka Open Genera)
I-machine compatible, running on DE(pha




Agenda

A History of LISP machines.

A Semantic Models.

A von Neumann model of computation.

A Programming language to m/c architecture.
A Architectural challenges.

A The SECD abstract machine.

A A briefcasestudy:.



Semantic Models
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meaning.

Imp.f2 NJ LINE AN} YYSNIb L YLD T2 Kt afchitgcBdzl 3 S

A Three major methods to describe and define semantics of
programming languages:

I Interpretive: meaning is expressed in terms of some simple
abstract m/c.

I Axiomatic: where rules describe data values given various
objects before and after execution of various language features.

I Denotational: syntactic pieces of program are mapped via
evaluation functions into the abstract values they denote to
humans.



von Neumann Model of Computation

Von Neumann




Programmind.anguage Machine
Architectures

A Interplaybetween h/w (m/c org.) and s/w
(compilers, interpreters, and rufime
routines) needs to be sustainable for efficient
computational structures.

A Mathematical frameworkh / 2 Y LJdzi A y
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Implementations.
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real Implementations.
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A Processing symbofs ¢ I taufed 6 OA NDI S
as future of computations2(c @A 2 dzatf & K1 &
happened yet!)

A For processing symbols, declarative language
were put forth as the solutioq

I function-basedandlogic-basedlanguages

So what Is the future?



Architectural challengesl

A Today we talknostly about LISP machines
(functional language n® R &
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program execution (RISC can obviously
execute LISP).

A Languagdeature drivenarchitectural hooks
we talk about then briefly.
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Architectural challengesl|

(Architectural support for LISH)

A Fast function calls.

I call andreturn instructions with short execution latencies
for dynamically bound contexts (latest active value bound
to a variable name).

I funarg problem.

A Environment maintenance.
I shallow- bound(linkedlist)
i deepbounddablist I It 20l f &a&Y02H
A with possiblecaching of namevalue bindings (value cache).



Architectural challengeslI|

(Architectural support for LISRI)

A Efficient list representation.

I Improvements ovetwo-pointer list cells

A Vectorcoded(represent linear lists as vector of symbols)

A Sructure-coded .
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I associative search leads to fast access.

A Heap maintenance (a.k.garbage collection)
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A Reference counfcount links to the cell, when ==0, reclaim)

A Generally mix of two schemesed.

A Dynamic type checking.

Atagged memories and special typehecking h/w



The SECD Abstract Machine

Tag
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The SECD Abstract Machine

Basic Data Structures

A Arbitrary sexpressions for computed data.

A List representing programs to be executed.
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A Value Lists containing arguments for
uncompleted function applications.

A Closures to represent unprocessed function
applications.



The SECD Abstract Machine

Machine Registers

A Sc Reqister(Stack register)
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conventional stackor built-in functions(+, -, etc)

I Objects to be processed are pushed on by
cond) A a/ndw cell on top of the current stack and
car2t¥ UKAa LIZAylua uz 202

I S register after such a push points to the new cell.

I Unlike conventional stack, thtses not overwrite
original inputs.

| Cells garbage collected later.




The SECD Abstract Machine

Machine Registers

A Ec Register(Environment register)

I Points to current value list of function arguments

AThe list igeferenced by m/c when a value for the
argument is needed

AList isaugmented when a new environment for a
function is created

AL Um@dified when a previously created closure is
unpacked YR 0 KS LIRAYUOGSBHBI FNRY
replaces the contents of-Eegister.

I Prior value list designated by E Iis not overwritten.




The SECD Abstract Machine

Machine Registers

A Cc ReqisternControl register/pointer)

Acts as the program counter apaints to the memory cell
0KF O RSaA 3y lcartBaenexiifciBtidzadbe A U
executed.

The instructions are simple integers specifying desired
operation.

Instructions do not have any stieldsfor registers etc. If
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FNRY (KS OSftta OKIAYSBILGKN
G Ly ONEB Y Stgkés place bytrgplacement of C
registers contents by the contents of the last cell used by
the instruction.

Forreturn from completed applicationsew function calls
and branches, the C register is replaced by a pointer
provided by some other part of the m/c.



The SECD Abstract Machine

Machine Registers

A D ¢ register (Dump register)
i Points to a list in memory calléd R dzY LJ¢

I This data structureemembers the state of a function
application when a new application in that function
body Is started.

I That is done by appending onto dump the 3 new cells
which record in theicarsthe value of register§ E
andC

I When the application completes, popping the top of
the dump restores those regqisters. This/ery similar
to callreturn sequence in conventional m/c for
procedure return and activation.




The SECD Abstract Machine

Basic Instruction Set

A Instruction can be classified into following 6 group:
1. Push object values onto the S stack.

2. Perform builtin function applications on the S stack an
return the result to that stack.

. Handle the Hthen-else special form.

3
4. Build, apply and return from closures representing nor
recursive function applications.

Extend the above to handle recursive functions.
Handle I/O and machine control.

o o

The CADR machine built at MIT (1984) closely
resembles SECD with some ntvial differences.



Case Study

Concert machine foMultiLISR1985)

A MultiLISP

I designed as an extension of SCHEME ikanits the programmer to specify
parallelisml YR G KSYy &adzLJLI2 NI a (0KS LI N}t St

A SCHEME + new calls:
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2. (DELAY E)
A Package E in closure.
3. (TOUCHE)
A Do not return until E evaluated.
4. (FUTURE E)
A Package E in a closure and permit eager evaluation
5. (REPLACGCExx E1 E2) [xxx is either CAR or CDR ]
A Replace xxx component of E1 by @2rmits controlled modification to storage)
6. (REPLAGEXEQ E1 E2 E3)
A Replace xxx of E1 by B2xx = E3TEST_AND_SET)






