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A Short HƛǎǘƻǊȅ [Ŝǎǎƻƴ Χ

Alonzo Church and Stephen Kleene(1930) ς˂ Calculus
( to cleanly define "computable functions" )

WƻƘƴ aŎ/ŀǊǘƘȅ όƭŀǘŜ слΩǎύ
(used ˂ Calculus to describe the operation of a computing machine to prove theorems 

about computation)

aL¢ Ҧ άYƴƛƎƘǘǎ ƻŦ ǘƘŜ [ŀƳōŘŀ /ŀƭŎǳƭǳǎέ

aL¢ !L [ŀō όϤмфтлΩǎύ

Symbolicsand LMI



άMacLispέ ŦŀƳƛƭȅ aŀŎƘƛƴŜǎ

1975 The CONSprototype  (MIT)

1977 The CADR aka MIT Lisp Machine  (MIT)

1980 LM-2 SymbolicsLisp Machine, repackage CADR LMI Lisp Machine same as CADR

1982 L-Machine - Symbolics3600, later 3640, 3670

1983 LMI Lambda TI Explorer same as LMI Lambda

1984 G-Machine - Symbolics3650

1986 LMI K-Machine

1987 I-Machine, SymbolicsXL-400, MacivoryI TI Explorer-II - u-Explorer

1988 MacivoryII

1989 I-Machine,SymbolicsXL-1200 , MacivoryIII 

1990 XL1200, UX-1200

1991 MacIvoryIII

1992 Virtual Lisp Machine (aka Open Genera) 
I-machine compatible, running on DEC Alpha
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Semantic Models

ÅThe semanticsƻŦ ŀ ǇƛŜŎŜ ƻŦ ƴƻǘŀǘƛƻƴ ƛǎ ƛǘΩǎ ǳƭǘƛƳŀǘŜ 
meaning. 

Imp. fƻǊ ǇǊƻƎǊŀƳƳŜǊҦ LƳǇΦ ŦƻǊ ƭŀƴƎǳŀƎŜ ŘŜǎƛƎƴŜǊ Ҧ LƳǇΦ for architects

ÅThree major methods to describe and define semantics of 
programming languages:
ïInterpretive : meaning is expressed in terms of some simple 

abstract m/c.
ïAxiomatic: where rules describe data values given various 

objects before and after execution of various language features.
ïDenotational: syntactic pieces of program are mapped via 

evaluation functions into the abstract values they denote to 
humans.



von Neumann Model of Computation



Programming Languages to Machine 
Architectures

ÅInterplaybetween h/w (m/c org.) and s/w 
(compilers, interpreters, and run-time 
routines) needs to be sustainable for efficient 
computational structures.

ÅMathematical framework Ҧ /ƻƳǇǳǘƛƴƎ 
ƳƻŘŜƭǎ Ҧ ƭŀƴƎǳŀƎŜǎ Ҧ ŀǊŎƘƛǘŜŎǘǳǊŜ Ҧ ǊŜŀƭ 
implementations.

ÅaŀǘƘŜƳŀǘƛŎŀƭ ŦǊŀƳŜǿƻǊƪ Ҧ Abstract m/c Ҧ 
real implementations.



! ǎƘƻǊǘ ŘŜǘƻǳǊ Χ

ÅProcessing symbols άǿŀǎέ touted όŎƛǊŎŀ ŜŀǊƭȅ флΩǎύ 
as future of computations (ƻōǾƛƻǳǎƭȅ ƘŀǎƴΩǘ 
happened yet!)

ÅFor processing  symbols, declarative languages 
were put forth as the solution ς

ïfunction-based and logic-based languages

So what is the future?



Architectural challenges - I

ÅToday we talk mostly about LISP machines 
(functional language m/ŎΩǎ).

Å5ŜǎŎǊƛōŜ ŦŜŀǘǳǊŜǎ άƴŜŜŘŜŘέfor efficient LISP 
program execution (RISC can obviously 
execute LISP).

ÅLanguage feature driven architectural hooks ς
we talk about then briefly.

Å!ōǎǘǊŀŎǘ ƳκŎ Ҧ ŎŀǎŜ ǎǘǳŘƛŜǎ



Architectural challenges ςII
(Architectural support for LISP - I)

ÅFast function calls.

ïcall and return instructions with short execution latencies 
for dynamically bound contexts (latest active value bound 
to a variable name).

ïfunarg problem.

ÅEnvironment maintenance.

ïshallow- bound (linked-list)

ïdeep-boundόάoblistέ ҐҐ Ǝƭƻōŀƭ ǎȅƳōƻƭ ǘŀōƭŜύ
Åwith possible caching of name-value bindings (value cache).



Architectural challenges ςIII
(Architectural support for LISP - II)

ÅEfficient list representation.
ïimprovements over two-pointer list cells
ÅVector-coded (represent linear lists as vector of symbols)
ÅStructure-coded .
ïŜŀŎƘ ŎŜƭƭ Ƙŀǎ ŀ ǘŀƎ ŦƻǊ ƛǘΩǎ ƭƻŎŀǘƛƻƴ ƛƴ ǘƘŜ ƭƛǎǘΦ
ïassociative search leads to fast access.

ÅHeap maintenance (a.k.a. garbage collection)
ÅMarking όŀŎŎŜǎǎƛōƭŜ ƭƛǎǘǎ άƳŀǊƪŜŘέΣ ƻǘƘŜǊǎ ǊŜŎƭŀƛƳŜŘύ
ÅReference count (count links to the cell, when ==0, reclaim)
ÅGenerally mix of two schemesused.

ÅDynamic type checking.
Åtagged memories and special type-checking h/w



The SECD Abstract Machine
Memory



The SECD Abstract Machine
Basic Data Structures

ÅArbitrary s-expressions for computed data.

ÅList representing programs to be executed.

Å{ǘŀŎƪΩǎ ǳǎŜŘ ōȅ ǇǊƻƎǊŀƳǎ ƛƴǎǘǊǳŎǘƛƻƴǎΦ

ÅValue Lists containing arguments for 
uncompleted function applications.

ÅClosures to represent unprocessed function 
applications.



The SECD Abstract Machine
Machine Registers

ÅS ςRegister(Stack register)
ïtƻƛƴǘǎ ǘƻ ŀ ƭƛǎǘ ƛƴ ƳŜƳƻǊȅ ǘƘŀǘΩǎ ǘǊŜŀǘŜŘ ŀǎ ŀ 

conventional stack for built-in functions (+, -, etc)

ïObjects to be processed are pushed on by 
consΩƛƴƎa new cell on top of the current stack and 
carƻŦ ǘƘƛǎ Ǉƻƛƴǘǎ ǘƻ ƻōƧŜŎǘΩǎ ǾŀƭǳŜΦ

ïS- register after such a push points to the new cell.

ïUnlike conventional stack, this does not overwrite 
original inputs.

ïCells garbage collected later.



The SECD Abstract Machine
Machine Registers

ÅE ςRegister(Environment register)

ïPoints to current value list of function arguments

ÅThe list is referenced by m/c when a value for the 
argument is needed.

ÅList is augmented when a new environment for a 
function is created. 

ÅLǘΩǎ modified when a previously created closure is 
unpackedŀƴŘ ǘƘŜ ǇƻƛƴǘŜǊ ŦǊƻƳ ǘƘŜ ŎƭƻǎǳǊŜΩǎ cdr
replaces the contents of E-register.

ïPrior value list designated by E is not overwritten.



The SECD Abstract Machine
Machine Registers

ÅC ςRegister(Control register/pointer)
ïActs as the program counter and points to the memory cell 
ǘƘŀǘ ŘŜǎƛƎƴŀǘŜǎ ǘƘǊƻǳƎƘ ƛǘΩǎ car the next instruction to be 
executed.
ïThe instructions are simple integers specifying desired 

operation.
ïInstructions do not have any sub-fields for registers etc. If 
ŀŘŘƛǘƛƻƴŀƭ ƛƴŦƻǊƳŀǘƛƻƴ ƛǎ ǊŜǉǳƛǊŜŘΣ ƛǘΩǎ ŀŎŎŜǎǎŜŘ ǘƘǊƻǳƎƘ 
ŦǊƻƳ ǘƘŜ ŎŜƭƭǎ ŎƘŀƛƴŜŘ ǘƘǊƻǳƎƘ ǘƘŜ ƛƴǎǘǊǳŎǘƛƻƴ ŎŜƭƭΩǎ cdr.
ïάLƴŎǊŜƳŜƴǘ ƻŦ t/έ takes place by replacement of C 

registers contents by the contents of the last cell used by 
the instruction.
ïFor return from completed applications, new 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

ÅD ςregister(Dump register)
ïPoints to a list in memory called άŘǳƳǇέ.
ïThis data structure remembers the state of a function 

application when a new application in that function 
body is started.
ïThat is done by appending onto dump the 3 new cells 

which record in their carsthe value of registers S, E, 
and C.
ïWhen the application completes, popping the top of 

the dump restores those registers. This is very similar 
to call-return sequence in conventional m/c for 
procedure return and activation.



The SECD Abstract Machine
Basic Instruction Set

ÅInstruction can be classified into following 6 groups:
1. Push object values onto the S stack.
2. Perform built-in function applications on the S stack and 

return the result to that stack.
3. Handle the if-then-else special form.
4. Build, apply and return from closures representing non-

recursive function applications.
5. Extend the above to handle recursive functions.
6. Handle I/O and machine control.

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



Case Study
Concert machine for MultiLISP(1985)

Å MultiLISP
ï designed as an extension of SCHEME that permits the programmer to specify 

parallelismŀƴŘ ǘƘŜƴ ǎǳǇǇƻǊǘǎ ǘƘŜ ǇŀǊŀƭƭŜƭƛǎƳ ƛƴ Ƙκǿ άŜŦŦƛŎƛŜƴǘƭȅέΦ

Å SCHEME + new calls:
1. όt/![[ C 9м 9н Χ 9ƴύ

Å tŜǊƳƛǘ ǇŀǊŀƭƭŜƭ ŜǾŀƭǳŀǘƛƻƴ ƻŦ ŀǊƎǳƳŜƴǘǎΣ ǘƘŜƴ ŜǾŀƭǳŀǘŜ όC 9м 9н Χ 9ƴύ

2. (DELAY E)
Å Package E in closure.

3. (TOUCH E)
Å Do not return until E evaluated.

4. (FUTURE E)
Å Package E in a closure and permit eager evaluation

5. (REPLACE-xxx E1 E2) [xxx is either CAR or CDR ]
Å Replace xxx component of E1 by E2. (permits controlled modification to storage)

6. (REPLACE-xxx-EQ E1 E2 E3)
Å Replace xxx of E1 by E2 iff xxx = E3. (TEST_AND_SET)




