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Recursive Functions of Symbolic Expressions and their
Computation by Machine

AIM-008 March 13, 1959

eval [e)=[
£irst [e] =NULL—null [eval/first[rest[e]]]]-1T;1F)
first[e] ~ATOM-fatom[eval[first[cest[e]]] }-+T;1—F]
£irst [e) <EQ—reval[first [reat[e)]] =eval [ rirst[restfrestfe]]] ] __]”‘9'1‘ ;
1-5F] 5 |
first [e] ~QUOTE-+first[reat[ eJJ,
first [e] =FIRST—first eval[first[rest [e]}] J
first [¢) ~REST—rest [eval[rirst[restfe]]] )i
first[e]=COMBINE—ccmbine[eval [firat[reatf e}] ] ;eval [first [rest [1 est

[e]311]:

f1irst [e]=COND—evcon [rest[e]];

first[first[e])=LAMBDA—Yevlam[f u-at[rest;[ first [e]]);tarst [i-est [f'edt |

[tirst[e]]]))srest [e]] ;

£irst [first[e]] =LABEL—) eval [combine [subst fi’irat [e];first [rest
[tirst[e]]];first[restrest{Tirst [a_]]})],rest[e_])])
where; evcon [c] = [eval[Tirst[Tirst{c]]] -Imlfrirat [rest[first] c_]] ] )3
T—eveon[rest[e]]]
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LISP 1.5

LISP 1.5 Programmer’'s Manual

The Computation Center
and Research Laboratory of Electronics

Massachusetts Institute of Technology
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Project MAC

MAC Mathematic and Computation,
Multiple Access Computer, Machine

MapsuH MuHckunin, [>xKoH
MakkapTn, [>xo3ed Jinknanoep,
Puyapg 'puH6narT, ...
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* 19064

* PDP-10

MACLISP

36

28 spiral :n + 168
FCOMTIMUING EVALUATION

;¥Y0U HAVE RUN OUT OF LIST SPACE. MORET:
; OK. ¢193832 HORDS)

JERROR IM LIME 16 OF SPIRAL: FORWARD :H
; TURTLE MOVED OFF THE TOF OF THE SCREEM

##MORE##]




The LISP language is used widely in the artificial intelligence research
community, and is rapidly gaining adherents outside this group. Most serious
LISP usage has historically been on the DEC PDP-10 computer, and both "ma jor"
implementations (InterLisp at BBN/XEROX and Maclisp at M.I.T.) were originally
done on the PDP-10. Our personal experience has largely been with the Maclisp

dialect of LISP, which was originally written in 1965.

- Over the years, dramatic changes have taken place in the Maclisp
implementation. At a certain point, however, modification and reimplementation
of a language on a given machine can no longer efficiently gloss over basic
problems in the architecture of the computer system. We, and many others,
believe this is now the case on the PDP-10 and similar time-shared computer
systems. |

AIM-444



CONS

“Knight machine”

CURRENT STATUS (August 1977)

The original prototype CONS machine was designed and built somewhat more
than two years ago. It had no memory and no I/0 capability, and remained pretty

much on the back burner while software was developed with a simulator on the
PDP-10 (the simulator executed the Lisp machine macro instruction set, a function
now performed by CONS microcode.) Microprogramming got under way a little over a

year ago, and in the beginning of 1977 the machine got memory, a disk, and a
terminal.
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e Fast call/return

e Memory efficient lists

e Garbage collector

 Dynamic type checking (tagged memory, hardware)

e bonbuwe namaTtTu!!i



CADR

32-bit, 1Tk RAM, 16k microcode
24-bit virtual addresses, etc.

MOHTaXX HaKpyTKOW
Manoe konundectso VC
25 mawwuH, $50000 kaxkoas
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ALU

BYTE

JUMP

DISPATCH

The destination receives the result of a boolean or arithmetic operation
performed on the two sources.

The destination receives the result of a byte extraction, byte deposit, or

selective field substitution from.one source to the other. The byte so
manipulated can be of any non-zero width.

A transfer of control occurs, conditional on the value of any bit accessible to

the M bus, or on a variety of ALU and other internal conditions such as
pending interrupts and page faults,

DISPATCH A transfer of control occurs to a location determined by a word from the

dispatch memory selected by a byte of up to seven bits extracted from the M
bus.
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Symbolics, LMI

1979
[Tnnnm 6abno

Russel Noftsker vs Richard Greenblatt

GNU
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Photograph of Actual Screen

LISP machines have been used extensively in the following areas:

e Natural Language Comprehension ® Human Factors Engineering
e Integrated Circuit Design e Image Perception Processing
e Symbolic Mathematics e Physical Simulation

CADR
Model A

the first

fully integrated
LISP language
processing system




Symbolics 3600
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* CADR + PAL
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+ VLSI (lvory)



3. VLSI Implementation

[vory was designed using a highly integrated proprietary
VLSI design system called NS (5], which is implemented on
the Symbolics 3600 Lisp machine. This provides a highly
interactive design and simulation environment and in ad-
dition, a symbolic layout methodology that allows the com-
plete chip data base to be designed in a process independent
manner. The current design is electrically optimized for a
2u/1.6u double level metal CMOS process, although the data
base may be retargetted to 1.2u and 1.0u processes to
decrease cost and increase speed. The layout density in all
styles of layout is comparable to orthogonal geometry hand
designs. The design contains approximately 390,000 transis-
tor sites with 255,000 placements. A total elapsed time of 10
months was needed to progress from architecture specifica-
tion to the first tape-out.

A twao phase clock is employed which is routed throughout
the chip. Registers and latches use nMOS pass transistors
with restoring inverters as the basic storage device. An ex-
tra synchronization clock is used to generate memory timing
signala.

In line with the ability to retarget the design using the
symbolic layout tools and the sheer impossibility of hand op-
timizing 390,000 transistors, the circuit design of the chip
was kept fairly simple. The majority of logic in the design
is static - either fully complementary CMOS logic gates,
pseudo nMOS gates for high fun-in NOR gates or nMOS
pass transistor logic for selected muxes. Dynamic gates are
only used in the microcode ROM, instruction decoder and
the RAMs. The RAMs are implemented using a standard €
transistor static cell, while the CAMs in the design use a 10
transistor static cell. All econtrol leogic is in the form of
static, fully complementary standard cells. The symbolic
layout for control modules was automatically generated
using a standard cell place and route system. A standard
cell library, memory library and data-path library is used
for most of the designs in the chip. Customization of logic
and circuita is kepnt to a minimum to ensure uniformity of
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dules. A collection of aspects that represent the same sub-
system is grouped together into a module. For example, a CMOS in-
verter module has schematic, schematic icon, and virtual grid as-
pects as shown in Figure [].
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XL1201 Compact

XL1201
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Symbolics Genera® 8.3

LS
stem Overview

1

Customer Care Code:
Machine:
Machine 1D:

Finder:
System:
Processor:
Active Enabler:
OpenDoc:

Memory Installed:
Virtual Memory:

name) LISP

Total Memory:

Disk Cache:

Startup Device:

Apple System Profiler
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