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. SECTION 1 — INTRODUCTION

We are interested in making it easy for computer—naive people

to sit in front of a computer terminal (eventually an Intelligent

Term inal) and learn how to use the computer tools ava ilable

through it. We believe that a good way to achieve this goal is by

means-of a reactive learning environment , where tutor ial serv ices

ranging from systematic teaching to occasional on—line help are

made easily and immediately available to users.

• 

- 
The three fundamental aspects that such a learning

env ironment must incor porate are:

1) well—organized tutorials , i.e. a set of lessons that

- - systematically teach the how—to knowledge that is essential for

useful operation of a computer tool;

2) the ability to “look” over the user’s shoulder and be “aware”

of what he is doing, so that when needed , the system can offer

help that is specific to the task the user is engaged in.

3) the ability to perform these services in response to user

requests expressed in natural language (English).

Since - such reactive learning environments incorporate

Artificial Intelligence techniques , and to the extent that they

appear to have features that mimic human intelligence , we have

coined for them the acronym INLAT (“Intelligent” oN—Line Assistant

an d Tutor) . 0

I The specific objectives of the present contract were to
• develop INLAT’s for three of the tools that may conceivably be the

mainstays of future Intelligent Terminals. These tools are Hermes

— 2 —  
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(a computer mail processing system), the Rand editor (a

multi—window , scope edi tor) and a News Service informa tion

retrieval system (such as the New York Times Information Bank or

Stanford’s News Service program).

INLAT ’s can be best developed in a programming environment

that 
- 
makes it easy to turn  out large and sophist icated systems in

• relatively short times. It is very important , especially when

• 

0 

dealing with potentially large populations0 of compute r—naive

users, to be able to drastically revise design concepts ,

approaches , and implementations. We believe that INTERLISP is the

best available “milieu” in which this fast turn—over development

effort can take place. Not only is it based on a language of

enormous power and flexibility (LISP), the wor k horse of most Al

work today; it is also a system that has “built in” many of the

facilities (such as the Do What I Mean (DWIM) and .the Programmer ’s

Assistant) that are considered essential in an Intelligent

Terminal . . For these reasons , the crucial part of the present

effort is to provide an INTERLISP environment on the machine that

• has been selected as a first prototype ‘ for the Intelligent

~~~~ -• Term inal, —— the DEC PDP—11.

The body of the Report begins with a description of our

design goals and the work performed in bringing up an INTERLISP

system on the PDP—11 . In the remainder of the Report we describe

the work performed to implement our INLAT. Although the INLAT is

intended as an aid in the use of multiple tools , the bulk of our
• 0 work in this area to date has been centered on providing a

counselor and assistant for the Hermes message system being
:4- 0
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developed independently at BBN. Therefore , our descr iption is

limited to an INLAT—Hermes system .
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• SECTION 2 — INTERLISP—1 1

Introduction and Purpose

Although INTERLISP is a formidably pow erful tool, and its
0 

advantages for Al work are widely recognized , its usage has been

relegated to, and is commonly associated with powerful , large

machines . In recent years , however ,- the technological advances in

computer hardware have been so dramatic that today ’s

“minicomputers” have almost equalled the power of such mainstays

of LISP as the PDP— 1O , and are available at a fraction of the

latter ’s cost. Therefore , our goal is to bring up a full

INTERLISP system (as it now exists in the PDP— 1O under TENEX) on a

PDP—11 computer. This we call INTERLISP—11.

- - 
More specifically, what we want to provide is an INTERLISP

0 • environment with the following characteristics:

a) serves a single user ,

b) is fully compatible with INTERLISP ,

c) runs at half the -speed of INTERLISP—1O when there is only one

5

I I user (t~erefore it should appear much faster than INTERLISP—1O

under “normal” TENEX load conditions) , .

d) has a larger address space (11 million words) than INTERLISP—1O

(The INTERLISP—1O address space of 256K words is becoming

confining for present day applications), and

e) minimizes machine dependent code for easier exporting to 
0

another computer. -

- 5 -
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In the rest of this section we describe our plan for

achieving these purposes. We begin by describing the hardware
0 

configuration that we selected and the reasons for choosing it.

Next we describe the software work that is needed to accomplish

our goals with the selected hardware.

Har dwar e

The characteristics of the desired INTERLISP—1 1 environment

0 impose three kind s of broad requirements on the hardware. These

requirements comprise the ability for:

1) efficiently executing LISP compiled code

2) storing LISP data structures compactly. In INTERLISP—1O we

have 36 bit words , 18 bit pointers , and lots of instructions

0 
for manipulating half words. On the PDP— 11 we have 16 bit

• words and 22 bit pointers. In the simplest case , one would

like to pack 2 pointers into 3 words and in some cases (e.g.

- lists) even more compact encodings are possible.

3) dealing with a large virtual address space ,

• 

- These requirements impose a particular selection within the

PDP— 11 family and the incorporation of extr a hardware.
~~~~~~ 0

- Spec i f i ca l l y ,  the hardware configuration that was specified for

• • our purpose consists of a DEC PDP—11/’~O processor with 128K words

I of core memory , a fast 512K words fixed head disk for swapping

(RSO’i ), and a slower 28M words disk for secondary swapping and

f i l i n g  (Te le f i l e) . In addition , we have an interface for network

commun ications (IMP—h A), a Wr itab le Control Store (WCS) for

S I  - 6 -
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efficient and compact microcoding of compiled LISP code and for

compact list structure , a specially designed Memory Mapping Device

(MMD) to facilitate the implementation of the large address space ,

an d a num ber of’ other peripheral devices. In what follows we will

describe only the two non—standard components in the above

configuration , the WCS and the MMD.

Writable Control Store —— Purpose and Description

The Writable Control Store (WCS) was designed at Carnegie

Mellon University by Professor Samuel Fuller and his group, and it

is used extensively in their Hydra project. It provides a way of

• augmenting the capabilities of the standard 11/’IO processor which

is crucially important for our purposes. The most important

advantage derived from using the WCS is that it allows us to

design an instruction set for LISP—compiled code that is

independent of the host machine instruction set and is therefore

better suited to the requirements of LISP. The resultant object

programs are therefore more compact and run more efficiently than

their PDP— 1O counterparts. In terms of required memory size , we

estimate that object programs written in the LISP instruction set

are only 1/3 as la rge  ( i n  terms of number  of b i t s)  as e q u i v a l e n t

PDP—1O compiled LISP. Alternately, they require 3/Il as many

16—bit PDP— 11 words as required on the PDP— 1O (36—bit words).

Finally, because of its relative machine independence , the new

object code permits substantially easier transfer to~ newer , more

c o s t — e f f e c t i v e  h a r d w a r e  when it becomes available. 
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I . The il/IlO processor is implemented with 256 words (56 bits)

of read—onl y microcode. It is designed so that the 11/110 options ,

such as the Extended Instruction Set and the Floating Point

instructions , can be installed by simply plugging in additional

- microcode read—only memory modules. This plug—in extensibility

ma kes _ it possible to design and build the WCS.(1)

The WCS has the following charscteristics:

1) it provides 10211 words of additional high speed microcod e

- - - control store which can be used to implement critical parts of’

INTERLISP—1 1 , including the object code execution

• “interpreter ”;

1 
- 

2) it is writable , facilitating both design and debugging , and
- 

allowing for the possibility of swapping microcode sets (such

- 

-
~~~ as one for the garbage collector);

- 3) it provides an extension of the underlying PDP—11 micro

mac hine , enhancing its generality. The standard PDP—1 1 ROM has

- ~- 
0 56—bit words while the extended micro machine is controlled by

H 80—bit words. - -

I While (1) arid (2) are fairly clear , (3) requires somewhat more

comment. Simply adding extr a control store to the basic 11/110

- • -
~ 

micro machine would not provide a very useful general—purpose

microprogrammed machine , since the 11/110 microcode is designed

primarily for implementation of the PDP— 11 instruction set and

thus lacks generality. The WCS adds to it the following features

. 1  (1) The 11/110 is the only PDP— 11 able to accommodate the WCS

— 8 —  
-
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a) Expands the micro program address space to 20118 words. Words

0—255 are the PDP 11/110 ROM . Words 256—287 are the PROM , a

• progr amm able ROM t hat is re quired for read ing and wri t ing the

RAM . Words 288—1023 do not exist. Words 10211 to 20117 are the

RAM , the program storage for the WCS.

b) A 16 bit mask/shift capability that allows extraction of any

contiguous f i e ld  at any posi t ion in the resul t .  The resul t  may

be used either for arithmetic operations or for multiwa y branch

control. The shifter performs a 0—15 position right rotate ,

and the mask can clear 0—15 bits from either or both ends of

the word. This field extraction capability is particularly

useful for instruction decoding as it allows an N—way dispatch

• on any field to be performed in one micro—instruction .

c) A microsubroutine capability

-
• d) The ability to specify a 16 bit constant for masking,

arithmetic , and generating micro—subroutine return addresses

(The only generally useful constants provided by the 11/110 are

1 , 2 and Il).

• e) A 16 word (x 16 bit) stack for temporary values and for
-

• microsubroutine return addresses.
— 

-

f’) Arithmetic carry control for multipl e precision arithmetic.

• 0 The extra power provided by these facilities allowed us to

• design an instruction set that is almost ideally suited for LISP

compiled code.

-
- 
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Memory Mapping

The 11M words add ress space specified prev iously for

INTERLISP— 11 clearly exceeds the amount of main memory (core or

• RAM) one can reasonably expect will be available for Intelligent

Terminal applications. This implies that a way must be found to

map the INTERLISP—1 1 address space into a smaller real memory.

The existing mapping device for the PDP— 11 (the so called

Memory Management Option) doesn ’t help us very much since it is

designed for the opposite application it maps a small virtual

address space into a larger amount of real memory. This is good

for multiuser applications since it allows several user processes

with small virtual spaces (32k) to be resident in core

simultaneously, but this is not our case.

We considered the software approach: a page table that lives

in core , microprogramming for putting together a real core

address , and reloading of’ Memory Management Registers (MMR’ s) for

accessing that real address. This approach~ is undes i rable  for

several reasons: a) it is slow , b) the microcoded instructions

-that we ’d need would usurp WCS memory space that could be used for
-

other pur po~ es , c) and it would impose an ex t ra  burden on our

programming tasks. This last consideration is very important; in

• 

0 

order to minimize reloading of MMR’ s, which is ver y ex pensive , we

would have to be ver y clever in ord er to kee p core “ windowed in ”

as much as possible. Clearly, a solution that allows us to treat

-

- - 

all core re ferenc es equal ly  is muc h preferred , since it simplifies

- the programming effort, reduces debugging,. and speeds coding.
0 
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These - reasons suggested a hardware/software trade—off : a

simple hardware pager , tha t we ca ll Memor y Ma pping Dev ice (MMD),

to map the 22—bit address space of INTERLISP—11 into a 19 bits

(512K ) real core address. The MMD works as follows . The 22—bit

virtual address space is visualized as consisting of IlK pages ,

each 1K words long. A 22—bit address specifies a page number (a

• page table location) with its high order 12 bits, and a location

within the page with its low order 10 bits. The main component of

the MMD is a IlK by 16 bits random access memory that acts as a

page table , I.e. it maps. a virtual page into a real memory page.

~~0 - The 16—bit word at the specified location in the page table

contains information on how to access the page. If the page is in

cor e, its real core address , age, and status are specified as

follows -

•. 
AGE - 5 bits — Clock reading at time page

was last referenced (Modulo 32).

• AGE is jammed in from a special

Age register every time the page is

I - 
-. 

referenced . The Age register is

incremented by software at

presettable clock intervals.

WM OD 1 bit — Te lls whether or not the page

has been modified by a write access.

WPR 1 bit — Grants or refuses permission to

write on the page.

— 1 1 — 
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RCP 9 bits — rea l core page number

(most s i gn i f i can t  9 bi ts  of 19 bit -

Real core address)

If’ the page is not in core , AGE is set to a special value , and the

Page Management module (see below) takes over . -

The MMD hardware constructs a 19—bit address by concatenating

- -- RCP with the least significant 10 bits from the virtual address.

An i nd ica t ion  of the e f f i c i e n c y  of per formance  we expect can be

gleaned from the following example: To obtain CAR of a list (i.e.

its first element) without the MMD would take 23 microseconds

under the most favorable circumstances. Of these , 111 microseconds

are used for software mapping ~ne data reference; the other memory

references are assumed non—mapped (which implies that the stack is

-

~ windowed in core). With the MMD , this time is cut to 10.8

microseconds, and special care to keep the stack windowed is not

required . -

Mode registers - -

The page table provides the transformation from a 22 bit

virtual address to a 19 bit real core address. The mode registers

and the EXT register provide ways of specifying the 22 bit virtual

• -
~~ address. The PDP— 11 provides only a 16 bit (byte) address in the

processor or an 18 bit (byte) address af ter  memor y mana gement
transformation.

— 1 2 —
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We use the normal PDP—11 memory management in a rather

unusualy manner to interface with the MMD. Memory management

provides user and kernel mode , eac h with its own set of memor y

management  registers (for two distinct 32K word address spaces).

In addi t ion  it provides protection against halts in user mode.

The i_nput to memory management is a 16 bit address the output is

an 18 bit address. We have used the two extra bits , not as

- 
- address b i ts , but  as new mode selection bits. The 2 bits select

one of four mod e registers. The mod e registers then specify how

the virtual address is to be created.

The EXT register is a 6 bit register that can be used to

specify the high order 6 bits of an address. It can be set from

micro—code from the D—bus by using a previously unused combination
- 

- of one of the micro—code f ie lds  ( SPS) - . The mode regis ters  specify

whether or not the EXT register is to be used for the high order

bits of the address.

Since most INTERLISP data is stored in word or mul tipl e wor d

sized chunks , it would be wasteful of space to include an extra

bit in each address for a byte address. And it would waste  t ime

in micro— code-to shift a word address pointer left one to make it

a byte address. Thus we hav e includ ed a word addressing mod e

• 

- 

under control of the mod e registers.

Another feature provided by the mode registers is the ability

to do I/O to virtual addresses thru the MMD while LISP is running .

The REL f ield in the mode register is an al te rna te  m eans of
specifying the high order portion of an address.

• 
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We outline briefly how the mode registers are used . One mode

register is dedicated to LISP , one to the operating environment ,

and two to I/O. LISP runs in user mode and the user mode memory

management registers are set up for a 1—1 mapping of the low order

16 bits of address and the high order 2 bits from memory

management are always 01 , selecting mode register 1. Mode

regi ster 1 is set to enable the page table , ena ble wor d

addressing , and enable the EXT register.

The operating environment runs in kernel mode and the kernel

mode memory management registers are set up for a 1— 1 mapping of

the 16 bit address in the range 0—211K, and the high order 2 bits

select mode register 0. Mode register 0 is set for page table

enabled , word addressing disabled , EXT disabled , and REL all ones

- 

- 
- so the operating environment uses the top most 32K chunk of the

- - virtual address space. Addresses 211—32K in kernel mode are the so

called I/O -addresses and are selected by all ones in bits 17 :111 of

the output of memory management. This bypasses the MMD entirely .

- •

~~~~~ 

- Age Distribution Registers - 
-

I • The AGE field in each page table entry permits efficient

~~~~
- •

~~ 
I -

demand paging by making it possible to find the least recently

I used pages. Such pages are good candidates for removal from

-~~ memor y when one need s to make room for new ones. Since the table

- is fairly large (IlK words) a pure software search for the least
- recently used pages will be time consuming and inefficient; for

1 
th is reason , we have inc lude d a set of’ age d i s t r i bu t i on  registers.

• ~~~~~~~~~~~~~~~~~~~~~~~ 
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These registers provide a histogram of the page ages existing in

the table. In fact, there are 2 sets of age d i s t r i bu t i on  
- 

-

reg isters , one for pages that have been modified , th e other for

unmodified pages. That is , for each possible com binat ion of AGE

and WMOD there is an Age Distribution register that contains the

number of pages whose table entries contain that combination.

Thus , for exam ple , to find the n oldest pages one finds the

corresponding ages by examining at most 611 Age Distribution

Registers , and then uses these ages as search keys in scanning the

map.

The complete set of spec i f ica t ions  for the MMD can be found

in Appendix B. -

Sof tware  Imp lemen ta t i on  - 
-

The software implementation of INTERLISP is great ly

L f ac i l i t a t ed  by the fact that a large fraction of the system is

1 - written in LISP. The non—LISP parts of INTERLISP represent

1) the way INTERLISP is integrated with its operational

I~ 4:: j env ironmen t,

2) the kernel , or irreducible parts that must be written in

ma~hine language and on which the rest of the system is built.

In the following we discuss these. issues in detail .

Operat ing Env ironmen t

This package provides the facilities of a simple operating

system , i.e.: the interfaces to specific hardware devices and the

schedul ing and performance of core allocation procedures.
— 1 5 —
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1.1
This portion of the system is small  in accord wi th  our des i re  to

m i n i m i z e  the mach ine  dependence of’ the system .

Page management  is the major  component of the opera t ing

e n v i r o n m e n t .  The page man age r  a l locates real  core for the 11

-
~~ mil l ion  word LISP v i r t u a l  address  space us ing  the memory mapp ing

device for efficient demand paging. It uses 3 levels of storage:

core , f i xed  head swapping disk , and bulk storag e d i sk .  The page

manager  also provides  user mode access to the pagin g mechanism

such as mapping  f i l e  pages into address space , and get/set access
- permission for a page.

• - In addition , the operating environment supplies primitive

file operations (read/write—character , open/close file); terminal

i/o and interrupts; interfaces to IMP h A , auto dialer , real time

-
~~ clock; and schedul ing of background  processes.

-- LISP Kerne l

The LISP Kerne l  inc ludes  the fo l lowing  modules :

1) storage a l loca t ion  and garbage co l lec t ion;

2) data storage and retrieval ;

3) stack management ;

( a)  func t ion  c a l l / r e t u r n ;

(b )  stack a l loca t ion  and dea l loca t ion  (note  tha t  mul t ip l e

environments make this a fairly complex process), and

( C)  stack p r i m i t i v e s  — e.g. STKPOS , STKNTH ;

— 1 6 —
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11) the inter preter includi ng EVAL , APPLY , ENVEVAL , EN VAPPLY , PROG ,

etc.;

5) other primitives — such as string and hash array manipulation

6) Basic I/O:

(a) interfaces to the operating environment for page mapping ,

f iles , terminal , and other devices; -

(b) terminal interrupt handlers , and

(c) atom hashing routine;

- 

- 7) protect ion mechanisms for cr i t ical  data -such as f i le

directories — Includes both - protection against accidental

destruction by user and protection against simultaneous access
- 

by asynchronous processes (e.g. user and FTP server);

8) compiled code interpreter.

The LISP kernel is impl emented in a judicious combination of

micro—code , PDP—1 1 code , and hand written L—code. Execution speed

woul d be maximized  if most of the LISP kernel  were implemented in

- m icro—code.  However , it clearly will not fit in the avai lable

wri table  control store. Therefore , those portions of the kernel

I which are both frequently used and simple (short), such as the

compiled code interpreter , function call/return and portions of

the stack al location and deal locat ion code are wr i t t en  in
1 microcode. As for the other portions , while it is possible to

swap microcode , the t ime to do the swap would generally exceed the

time to accomplish the desired task with PDP— lh code or L—code

instead . (1)

• (T) An exception occurs with garbage collection. There are a

t i 5- -_--  5
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The rest of the LISP kernel that exceed s the capacity of the

wri table  control  store is wr i t t en  e i ther  in PDP—11 code or hand
- 

written L—code. At this level , it is clearly most desirable to

minimize the amount of PDP— lh code because the L—code portions are

directly transportable to different hardware. PDP—1 1 code is used

pr imari ly  for i n i t i a l i z a t i o n, and occasionally for operat ions that

e re  not implementable  or only awkward ly  implementable  in L— code.

Perhaps surprisingly, at least 80% of the non—microcod e porticn of

- 

-
- the LISP kernel is implemented in hand—written L—code. One might

S - ask why we need hand—written L—code at all; why not write the

desired functions in LISP and let the LISP compiler do the work? S
There are two reasøn-s. First , there are some operations (e.g.

.. APPLY ), that can be expressed in L—code but not in LISP. Second ,

there is a bootstrap problem . In order to lo_d functions compiled

elsewhere the primitives to read the compiled file must be

j available. What remains to be explained is how to interface

smoothly the execution of straight PDP—1 1 code , L—code , an d LISP

I microco de , in particular how we intend to access the 11M word

I address space of the LISP environment while executing PDP— h1 code ,

and how to get along with only 1000 words of WCS.

While it would be possible for P D P — h l  code to access- the 11M
- . 

word LISP address space b y using Core Man agement  windows , t h i s

would be both slow and awkward .  A bet ter  approach is to put to

small number  of garbage  col lect ion p r i mi t i v e s  ( those t h a t  mark  and
chase pointers )  tha t  are executed thousands  or hundred s of

1 thousands of t imes d u r i n g  a garbage  col lect ion.  In th is  case it
is feas ible  to swap microcode .

-18 -
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use some of the many unused PD P— 1 1 opcodes and r ede f ine  them as

new opcodes using the WCS . All these automatically cause a

t ransfer  of control to the wr i t ab l e  control  store , where one can
- - decode the in s truc t ion , per form the desired operat ion in microcode

(where  access to the 11M word address space is fas te r  and simpler ,

see EXT register in MMD appendix) , and then resume PDP—1 1 code

execution.

The reverse operat ion , i .e . :  to t r ans f e r  control  from

microcod e to PDP—1 1 code is also necessary. To see this , just

consider that  the compiled code ins truc t ion  set conta ins  20118

miscellaneous operat ions  (see • Appendix  A ) .  While the most

f requen t ly  executed ones will  be microcoded , it is clear that  1K

of WCS can not handle  the whole set. Therefore , most of these

re la t ive ly  in f r equen t  compiled cod e ins t ruc t ions  resu l t  in calls

to routines in L—Code PDP—h 1 code. Another exampl e is the set of

— ~~
. operations involved in a return from a func t ion . In the

j - “ spaghet t i  stack” (mul t ip l e  env i ronmen t s)  of INTERLISP there  are

two types of func t ion  r e tu rns , essent ia l ly  the simple re tur n and

~1-~ : the r e t u r n -  tha t  requ i res  an env i ronment  switch or env i ronment

copy. The simple return can be accomplished easily in microcode ,

-- ~ !.. while the hard return is probably both long enough and infrequent

enough to be undeserving of microcode.

The hard return is handled in a manner similar to a PDP—h1

trap. That is , we save the state of the machine , where the state

includes whether  we were in the compiled code in te rpre te r  or in

( - 11—code ( e x e c u t i n g  a “ new ” ins t ruc t ion  — e.g. RETURN); we perform

• 

— 1 9 —,-
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the desired operat ion in 11 code; and we resume the in ter rupted

state. 
-

New LISP Code -

As we noted before , a large port ion of IN TERLISP— 1O is

implemented in INTERLIS P and may be t r ans fe r red  d i rec t ly  to
- INTER L ISP —11 w i thou t  m o d i f i c a t i o n .  However , there  is still  a
- significant amount of’ add i t iona l  LISP code tha t  must  be wr i t t en

- for the PDP— 11 . The reasons are var ious  —— some th ings  are

necessarily machine or implementation dependent a oh as the cod e

generator for the compiler . Others are machine dependent (in

INTE RL IS P —1 0 )  for speed , such as the a r i thmet i c  func t ions  ( SIN ,

COS , e tc .) , and READ and PRINT.  Some th ings  are provided by TENEX

such as the f i le  system .

1~~~~~
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INSTRUC TION SET

The LISP compiler will produce code in the instruction set
described below.  The code is in terpre ted  ( r u n )  by the mic ro — code .

In the following description TOS means top of stack; the
q u a n t i t y  on the top of the stack is re fe renced ’ S as a source
means  the  q u a n t i t y  on the  top of the stack is popped.  S as a
destination means the result is pushed on the stack.

Group 1

The group 1 opera t ions  have  a 6 bit  opcode and 10 bi t  source.
The source is represented by a 7 or 8 bit  o f f se t  from any of a
number  of bases.

The source types are: -

• 000 STACK. Temporary  va lue  in the cu r ren t  fr am e ex tens ion . The 7
bit  o f fse t  is a posi t ive q u a n t i t y  r ep resen t ing  a nega t ive
of fse t  f rom the cur ren t  stack po in te r .  (2* of f se t  is #
words) -

001 LOCAL. Local variable in the current basic frame. The 7 bit
offset is positive from current basic frame pointer .
Offset is #words/2 #stack slots.

- - 010 SPEC. Specvar reference. An indirect reference to a value
- 

- cell. In compiled functions the value cell pointers are
in the literal area , and in interpreted functions the
value cell po in te rs  are in the basic fr ame. In e i ther
case the so— called l i t e ra l  pointer  is the base for
specvar references. The 7 bit offset is positive and
#words. (The value cell pointers are 1 word (16 bit)
quantities; the high six bits are implicit.)

011 PVAR. An indirect reference to local variable of an outer
fr am e , re fe renced  fr om w i t h i n  a FROG or open LAMBDA t ha t
makes a fr ame.  The base for the re fe rence  is the l i t e ra l
po inter .  The 7 bi t  o f f s e t  is # words .  The PVAR l i t e r a l s
are one word quan t i t i e s  con t a in ing  a frame  count  and an
offset.

O 1X LIT.  L i t e ra l  of the ( c o m p i l e d )  fu n c t i o n  now r u n n i n g .  The 8
bit offset is a positive offset from the current function
literal pointer. Offset is #words/2. (All normal
literals are 2 word quantities.) -

110 SYSTEM CONS TANT. Cons tan t s  tha t  are referenced f r e q u e n t l y,
such as T and NIL , are stored in a system literal table.
The 7 bit offset is positive from the beginning of the
system l i te ra l  table.  (Of f se t  is #words /2 . )

— 2 1 —
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111 IMMEDIATE. Immediate small numbers in the range —64 to +63.
The offset is the number & 177.

CAR and CDR 
-

op—code mnemonic  description

O11OXXX PUSH E—>S

O112XXX RET RET (E)

OZI11 XXX unused

- - - O116XXX unused

O5OXXX CAR - C A R ( E ) — > S

O52XXX RCAR (return (CA t E))

~05’IXXX CDR C D R ( E ) — > S

O56XXX RCDR etc.

O6OXXX CAAR

O62XXX RCA A R
- - 

- 

• O611XXX CADR

O66XXX RCADR

O7OXXX CDAR -

O72XXX RCDAR - 
-s\

— I - O711XXX CDDR -

076XXX RCDDR

-Integer arithmetic

100XXX IADD E+T OS— > T OS

1O2XXX I SUB E-’TOS- )TOS

1O 11XXX IMUL E ’TOS—>TO S

— 2 2 -
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1O6XXX IDIV E/TO S—>TOS

11OXXX IREM remainder (E/TOS)—>TOS

112XXX EQ Compare TOS with E and POP.

• Set ind ica tor  TRUE if EQ.
- - 

1 111XXX IGT Set indicator TRUE if E>TOS.

POP always.

116XXX ILS Set indicator TRUE if E<TOS.

POP a lways.

Note that the quantity on the top of the stack can be either a
pointer to a number (a boxed number) or a tagged unboxed number.
The result is stored on the stack as a tagged unboxed number.
Eventually we expect that the microcode will allow unboxed numbers
on the stack in any situation and will check and box prior to
binding , storing in list cell etc . However , for the moment it _s
the responsibility of the comptler to see that numbers get boxed
before bei g used by non—numeric operations . (But the compiler
does not have to be concerned with unboxing.)

-

~~~ ~~
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General ar i thmet ic

12OXXX ADD

122XXX SUB

1211XXX MUL

126XXX DIV

13O~ XX REM

132XXX EQP -

13 11XXX >

136XXX

Type tests

O2 OXXX LISTP test E , set indicator .

O22XXX ATOM

- 
. .  

O2 11XXX LITATOM

O26XXX NUMBERP
- 

O3OXXX - FIXP
- O32XXX STRING?

O3 11XXX ARRAY ? - -

I
I - O36XXX STAC KP -

-

-~ 

,Group 2 — the stores S

The “store” operations have a 7 bit op—code and a 9 bit
destination. The destination is represented by a 2 bit

- destination type and a 7 bit offset. The destination types are a
• I subset of the source types. (Since it doesn ’t make sense to

F- “store” to a constant.) The destination types are: 00 STACK , 01
LOCAL , 10 SPEC , 11 P V A R .  

-

-

- 

- — 2 1 1 —
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O1OXXX SCDR C D R ( E ) — > E

O11XXX POP S—>E S

O1 2XXX SCDDR CDDR ( E ) —>E

O1 3XXX TOS TOS—>E

O 111XXX ADD 1 E+ 1—>E

~~
•
~ ~

- -

—_ 
I
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O 15XXX PCAR CAR ( S) —>E

OI 6XXX SUB 1 E— 1— >E -

O 17XXX PCDR CDR ( S ) —>E

Note:  POP, PCAR , and PCDR compute the effective address

- 
- after they pop — so pops to stack can be a bit confusing.

Group 3 — Branches S

- The branches have a 6 bit op—code and ~ 10 bit offset allowing
branches within —512 and +511 of the current location . An offset

- of 0 implies a long branch with a 16 bit offset i-n the following
word .

1~$OXXX BRT branch if indicator  t rue
- 1112XXX BRF branch if indicator  false

1~I4 XXX PBNIL POP and branch if TOS=NIL , else don ’t POP

- 1116XXX BR unconditional branch

- - 15OXXX BNIL branch if TOS=NIL and POP always

152XXX BNN branch if TOS NOT NIL and POP always

1511XXX - NBNIL if TOS:NIL, branch and don ’t pop; if TOS NOT NIL ,

:~~- ~ don ’t branch and do pop.
- t  ••-- -\

- 156XXX NB~ N if TOS NOT NIL , branch and don ’t pop; if
- 

‘ -~ —I TOS=NIL , don ’t branch and do pop.

~~~~~~, r

~~~~
.‘; .~. Group ~l — Literal references

These opera t ions  have an 8 bit op—code and an 8 bit offset. The
• only operand type is the literal , and as with all literal

referen ces , the offset is a positive offset from the current
l i teral  pointer  (# w o r d s / 2 ) .

OO2OXX CALL Call function , literal is
— I args., fnname

- 

- 
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00211XX DCALL Call function , discard value

OO3OXX LCALL linked call to function -

00311XX DLCALL linked call , discard value

OO4OXX PBIND Arg (immediate) is binding depth of prog

— binds the PROG frame and gets the back

pointers.

S OO~111XX unused
S OO5OXX PCALL Used for prog ’s and open lambdas tha t  make -

frames.  LITER AL loc is the beginning of an

FEF for the frame.

0054XX EQQ EQ QUOTE — compares TOS with literal . POPs

- if’ EQ, else doesn ’t POP; sets indicator

- always. Used for Selectq . S

I DO6OXX TYPTOS Test type of TOS. Arg . is type number

S 
- . (immediate). If type is eq, leaves

• arg on TOS. If not eq, puts NIL on TCS.
- -  

Has variant (0062) DTYPTOS that POPs.

Sets indicator in any case. 
S

00611XX unu sed

-I OO7OXX unused

0074XX unused

Group 5 — Miscellaneous opcodes 0—001777

1024 miscellaneous operations. The arguments , if any, are on
~ the stack. The arguments are  gene ra l ly  popped , and the va lue , if ’

any, is returned on the stack . Some of the miscellaneous opoodes

~ 
are primitive operations necessary for compiled code. Others

- 
implement frequently called Lisp functions so that they may be

~ compiled open to avoid function calls , and others implement
primitive portions of more general Lisp functions so that the

- 

general functions can be written in Lisp.

— 27 —
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The opcodes 0—377 are implemented entirely in microcode. Some
have a parameter encoded in the 3 low order bits.

10 EXCH Exchange the top two items on the stack

20 IBOX(N) Box the integer on TOS, result to TOS

- 30 GCONS (TYP) General cons of specified type

(a type number) . Returns the next free

- - 
cell.

- 

isO CONS(A D) -

50 BIND Binds the currept basic frame.

This is the first instruction in any

- compiled function that bind s any SPECVARs .

This is a separate operation from the

function call in order to satisfy the

- 
require &iient  tha t  all ins t ruct ions  be

-~~ restartable.

60—67 DPOPN Pop and discard 0—7 (encoded in low 3 bits)

- - ,  
- 

items from the stack.

-- - 70—77 IRET In te rna l  return. Used to return from those

~ t ._
• miscellaneous opcodes that are implemented

I in L—code. The item on TOS is returned as

value and 0—7 (encoded in low 3 bits) prior

items are popped.
- 

-~~~~~ 100 BIN(IOD) Read a character from IOD or string .
- .. 

Skip if successful , else don ’t skip.

V 110 BOUT(IOD CHAR) Write a character to lCD or s t r ing .

N 
- 

Skip if successful , don ’t skip if f u l l .

— 28 - 
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120 RPLACA (L X) Replace CDR of’ L by X.

(Note: does not check that L is a list.)

Value is L.

130 RPLACD (L X) Replace CDR of L by X.

(Note: does not check that L is a list.)

Value is L.

111O DRPLACA (L X ) RPLACA and d iscard va lue .

150 DRPL A CD CL X ) RPLACD and discard value .

160—167 SCALL (A1...AN FN) Call f,unction FN with

arguments Ai. Number of

arguments supplied is encoded

5 in the low 3 bi~s.

170 LLM Leav e LISP mode at current PC.

- 

S 200 R161 (HEAD N) Read 16 bits from the Nth word

of the structur e HEAD . Value

- is an integer.

201 R16S (HEAD N) Read 16 bits from the Nth word

~ I - of the structure HEAD. Value

is an unboxed stack pointer.

202 R16V(HEAD N) Read 16 bits from the Nth word-

of’ the structure HEAD . Value
- -

1 is a value cell.

210 W16(HEAD N VAL) Write 16 bits in the Nth word

of the structure HEAD . The low

— 2 9 -
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16 bits of VAL are written (with

no type checks). -

220 RPTR 1 ( HEAD N )  Read pointer  from the Nth word

of the structure HEAD.

230 W P TR1 ( HE A D N VAL ) Wr i t e  pointer VAL in the -Nth word

of the structure HEAD. Value is
- HE D.

2110 RPTR2 ( HEAD N )  Read the second half of the

• packed pointer pair beginning

at word N in the structure S

HEAD. 
- 

-

250 WPTR2 (HEAD N VAL)Write VAL in the second half

-S • •  of the packed pointer  pair 
S

-- 
- 

beginn ing at word N in the S

S structur e HEAD. Value is

• HEAD.

260 RNUM(HEAD N) Read 24 bit in teger  from NIL
• 

- 
word of the structure HEAD.

- Value is a ~boxed integer.

270 WNUM ( HEAD N VAL ) Unbox  VAL and wr i t e  the
I ..sulting 24 bit integer in

‘the Nth word of the structure

HEAD. Valu e is HEAD.

- 
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300 IVAL Push the value of the indicator;

- i.e. push T if the indicator is

true , NIL if false.

310—317 PBIND Bind the basic frame for a PROG

or open LAMBDA . Also store

in the frame extension the pointers

to the frame extension and basic

frame (16 bit pointers in that

or der) of ea ch ou ter PROG or LAMBDA

and the main function. The binding

- depth is in the low 3 bits.

- 

- 
- 320 LOGOR (x y) Logical OR of 2 arguments

330 LOGAND (X y) Logical AND of 2 arguments

-5 5 3~40 LOGXOR(x y) Logical XOR of 2 arguments

- 350 LSH(x n) Shift x left N bits if N

positive , right N- I if N
S 

- 
S negative.

~~~ 

360 EXFRM Make frame for EXPR. Expects —

-- callers PC and a 2 wor d

quantity containing the number

of a rguments  stacked from the

EXPR and the size of the

- 

FEF. ( 1)

:.- - 
-5 
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370 DIVAL Value of the indicator to TOS. 
- S

The miscellaneous opcodes 1100—1777 are all ‘implemented in
hand code; that is , in hand w r i t t e n  L— code wi th  a small  amount of
PDP— 11 code where necessary. The micro—code basically executes a
PUSH t h rou gh  a d i spa tch  table in res ident  main  memor y;  IRET is
used for return. -

;1  - - - -
-

—

( 1)  The process of c a l l i n g  an EXPR is f a i r l y  involved duC in par t
- to the shortage of’ micro—code space and in part to the requirement

that instructions be restartable. A function call operation such
as CALL or SCALL , when it detects an EXPR , will go out to L—code
to adjust the number of arguments for the EXPR and to create an
FEF for the call. Then EXFRM is executed from L—code to create

-

S the frame. EXFRM then exits to L—code again to actually evaluate
-the EXPR.

— 3 2 —
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1500 MEMB ( X L)
‘$01 ASSOC (X L) 

- 

S

1502 A . A T O M ( P N A M )  Al loca te  new atom
1103 A . P N A M ( N )  Allocate space for pn ame
11011 GETD ( AT OM ) Re tu rns  a fnce ll  if d e f i n i t i o n  is

compiled , else r e t u r n s  e .g .  a list .
If arg not atom , returns NIL.

1405 PUTD(atom def) Atom must be a LITATOM . Def may be
fncell , litatom , or list. If litatom ,
the d e f i n i t i on  is put , so can do
MOVD w i t h o ut  m a k i n g  a f n c e l l .  

- 
S

‘s06 GETPROPLIST ( ATOM )
‘$07 SETROPLIST (ATOM )
1410 A.ARRAY(N TYF) Allocate array with room for N

elemen ts, TYP=O pointer array. TYF~ 1
integer array. (TYP=3 floating point &

- TYP=4 hash array not implemented yet.)
1111 A.STPT () Allocate empty string pointer
1112 A.DSTR (N) Allocate dummy (garbage) string of

N charac ters .
113 L .SBST(S 1 N M S2) Pr imi~t ive  s u b s t r i ng .  Si and S2 must be

string ptrs , N and M must be integers.
M may be nega t ive .  N must be posi t ive .
S2 is a string ptr to re—use and is

- the value.
‘411$ L.SBSN (S1 N M S2) Ditto to abov e but doesn ’t check S2.

Used by IODSPTR.
1515 L I ST (A 1 a2..N) List of indefinite number or args.
1116 EVALV ( a tom ) Eva lua te  atom in c u r r e n t  env i ronmen t  —

- value is NOBIND if unbound.
1117 GTVC(atom) Get value cell of atom .
~I2O VCTOAT(vce l l)  Given va lue  cell , gets atom .
1121 MKAT(strjng) Makes a LITATOM given string as its

• 
- PNAME . Does no parsing . Uses the

- - 1 whole s t r ing .
- 

~~
•
‘

, 1122 E L T ( a r r a y  N )  A r r a y  must  be an ar ra y , N must be a
number in the ran~ e of the a r r a y .

- Sorts out  array type and boxes value if
integer array. (For hash array ELT will
be a list cell of KEY VAL) S

1123 SETA (array N val) Checks same as for ELT. Also val must
be in teger  if a r r a y  type  is in t ege r .

‘42~l L . C H C N ( a t o m / st r i n g )  P r i m i t i v e  CH CON1.  R e t u r n s  c h a r a c t e r
code of f i r s t  charac te r  of LITATOM or
STRING.

1425 SB IN ( s t r in g )  Gets first character (code) of string.• Steps string pointer. Return NIL if
s t r ing  is empty .

t ~126 SBOUT(c har  s t r i n g)  Wr i t e s  c h a r a c t e r  ( code) ir~to f i r s t
character of string. Steps string

- pointer. Returns NIL if no more string .
SBOUT destroys both the string and

S i 
- 

the string pointer. (Can clobber

— 3 3 —
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1527 OBIN (IOD) Get next character (code) from.IOD.
Call FN specified in IOD when no

S more c h a r a c t e rs .  If FN is NIL ,
r e t u r n s  N I L  when emp ty .

1130 OBOUT (char IOD) Write next character to place specified S

by IOD. Call FN as above.
1131 TTYIN () Get character from terminal (no echo).
432 TYOUT() Write character to terminal.
1133 CHARACTER (code) Returns the atom whose pn ame is the

— character specified by CODE .
l$ 31$ SET (atom val )
1135 A.CODE (N) Allocate space for compiled code.

- 
- 1436 CCODEP (ATOM/DEF ) Predicate. T if given an atom whose

d e f i n i t i o n  is compiled or if g iven  a
S f unc t ion  cell c o n t a i n i ng  a compiled

definition . NIL ot erwise.
1537 GETDP(atom) Predicate. T if arg is an atom with

non—NIL function definition ,
NIL otherwise.

11140 TRATM () Temporary. RATOM from TTY.
11141 L.NCHR(atom/string) Primitive NCHARS. Returns

number of characters in atom or string.
11112 ATTOST(atom STR) Makes string cut of PNAME of

atom . Reuses string ptr.
15143 GETIOD(string FN) Create IOD for string . FN is name of’

function to call when string is
exhausted . If reading , FN is called
with 1 arg, the IOD. If writing,
FN is called with 2 args , the char

- - and the IOD. (To get IOD for a file
use OPEN — not implemented yet.)

15 15 14 IODGNC(IOD) Get “next char ” field from IOD.
(Put  there  by READ , RATOM , etc.)

15115 IODSNC(IOD CHAR) Set “nex t  char ” field.
15 14 6 IODGLC(IOD) Get “last char ” field from IOD.

• - 
- 1547 IODSLC(IOD CHAR) Set “Last char ” field in IOD.

~I5O IODG POS(IOD ) Get position field of IOD. Number of
charac te rs  s ince  las t  l i ne  feed .

1551 IODSPOS (IOD N) Set position field in IOD.
~$52 IODGPTR (IOD) Get pointer field from IOD. i.e.

number of characters written/read so
far.

- • 1153 I O DSPTR ( I OD N )  Set pointer field in IOD.
15514 IODGBAS(IOD) Get the base field of IOD — i.e. S

o r i g i n a l  s t r i ng  or f i l e  desc r ip t i on.
1555 S R A T M ( I O D )  P r i m i t i v e  vers ion  of RATO M

from IOD or string.
Used by LAPRD.

1156 LAPRD(IOD FN) Read compiled definition of
FN from IOD or string. -

‘157 ARRSIZ (ARRAY) Returns the number S

~~~~~~~~~~~~~~~~~~~ .- -- .;-~z.~.5-- .-e ~~s - • 
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-

-
~ of elements  in ARRAY .
- 460 EXENT Used in the process of calling

- an EXPR .
1561 EXEV Used to evaluate an EXPR
1162 PROGN (E1...EN) Implements PROGN.
1563 L . A P P .  Implements  APPL Y ’ .

The d e f i n i t i o n  of’
APPL Y’ is ( LAMBDA A ( L . A P P . ) ) .

15615 L.APPLY (FN ARGS ) Implements APPLY.
- 

- 1565 L.EVF (FORM) Implements  EVAL of simple form .
The rest of EVAL is

- implemented in L i sp .
S - 

1166 A R G T Y P ( F N )  De te rmines  the a rgumen t  ty pe
of’ FN. FN may be a litatom , fncell ,
or EXPR.
The value returned is a number
interpreted as follows :

0 LAMBDA

1 NLANBDA
S - 2 LAMBDA no spread

- 3 NLAMBDA no spread

Value is NIL if FN is not a legal
func t ion .

-
~~ 1167 NTYP (X) Returns the numerical data type of x.

-
- 

- 
1470 NSJLL(X) Implements the function NULL.
1471 L . P R O G ( A R G S  E 7 . . E N )  Impl ements  i n t e rp r e t ed  FROG — the

S - definition of PROG is
- (NLAMBDA A (L.PROG A)).

• •
• - 1572 L.G0(LABEL) Impl ements interpreted GO

1573 unused -

11715 LAST(L) 
- 

Implements the function LAST .
- 

~~~~~~ 1175 LENGTH (L) Impl ements the function LENGTH
S - ‘176 NTH (L N) Implements the function NTH

1577 LOAD (address) Bootstrap version of LOAD that leads
a com piled file from a buffer in low

-, core.  -

-
~~ 500 L.CSP (old new) Copy string pointer from OLD to NEW .

- Value is NEW.
• 501 L.DDT Enter  user DDT
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Included below are the LISP functions REVERSE and COPY , the L—code
for the functions , and for comparison the PDP—1O code for the same
functions. - 

S

( REVERSE
( LAMBDA ( L )

(PROG (U)
(DECLARE (LOCALVARS U))

L O OP ( COND

((NLISTP L)
- 

(RETURN U)))
- 

(SETQ U (CONS (CAR L)

U))
(SETQ L (CDR L)) • S

(GO LOOP))))

(COPY
( LAMBDA ( X )

( DECLARE ( LOCALVARS Y Z ) )  -

— 
- (COND

S ( (NLISTP X )

X )
C T (FROG (Y Z)

- 

_ 

- 

(SETQ Y (SETQ Z (LIST (COPY (CAR X)))))

LP (COND

((NLISTP (SETQ X (CDR X)))

(FRPLACD Z X )
S 

- 

- 

(RETURN Y)))

(SETQ Z (CDR (FRPLACD Z (CONS (COPY (CAR X))))))

(GO LP))))))

I

— 3 6 - -
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PDP—1 1 L—CODE

REVERSE
(BI ND)
(PU SH (LA P LIT NIL ))

LOOP (LIST P ( VREF L 1) )
(BRT (TREF ‘I)) S

(RET (VREF U 1))
14 (CAR (VREF L 1))

(PUSH (VREF U 2))
(CONS)
-(POP (VREF Ii 1)) - S

(SC DR ( VREF L 1) )
(BRA (TREF LOOP))

FEFORG ( 1 . 0)
L

13 WORDS , 208 BITS

COPY
(BIND)
(LISTP (VREF X 0 ) )  •

- (BRT (TREF 2))
(RET (VREF X 0))

2 (PUSH (LAPLIT NIL))
(PUSH (LAPLIT NIL))
(CAR (VREF X 2))

-
S S - (CALL (LAPLIT COPY 1))
— ~S - (CONSNL ) S

( TOS ( V R E F  Z 3 ) )
(POP (VREF Y 2))

LP (SCDR (VREF X 2))
(LISTP (VREF X 2 ) )

S 

- 
(B RT ( TREF 6 ) )
(PUSH (VREF Z 2))
(PUSH (VREF X 3))

-

- (DRPLACD )
I (RET (VREF Y 2))

6 (PUSH (VREF Z 2))
(CAR (VREF X 3) )
(CALL (LAPLIT COPY 1))
(CONSNL)
(RPLACD)

S (PCDR (Vr~EF z 2 ) )
( BRA ( TR F.F LP~)

S FEFORG (1 . 0)
S X

LITORG ( 1 . COPY )

• 29 WORDS , Z4 64 BITS

— 3 7 —
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PDP— 1O COMPILED CODE

REVERSE
(JSP 7 , ENTERF)
(26211114 0)

- S (0 PLITORG)
(PUSH PP , 

‘ N I L )
LOOP (HRRZ 1 , (VREF L 1))

(JSP 6 , SKNLST)
— (JRST (TREF 14 ))

( H R R Z  1 , (VREF U 1))
_( RET )

15 (HRRZ 1 , ~ (VREF L 1))
( H R R Z  2 , (VREF U 1))
( PU SHJ CF , CONS )
(HRRM 1 , (VREF U 1))
( HLRZ 1 , ~ (VREF L 1))

- 
- ( H R R M  1 , (VREF L 1))

(JRST ( TREF LOOP ) )
LITORG
PLITORG ( VALUE—CELL L)

17 WORDS , 612 BITS

COPY
(JSP 7 , ENTERF )
( 2621 L5 11 0)
(0 PLITORG)
(HRRZ 1 , ( VREF X 0 ) )

- - 
(JSP 6 , SKNLST)
(JRST (TREF 2 ) )
(POPJ CP , )

2 (PUSH PP , 
‘ NIL )

— - (PUSH PP , 
‘ NIL )

( H R R Z  1 , € (VREF X 2 ) )
(ACCAL L 1 , 

‘ COPY ) S

(PU SHJ CP , CON SNL) S

(HRRM ,1 , (VREF Z 2))
( HRRM 1 , (VREF Y 2))

LP (H LRZ 1 , € (VREF X 2))
(HRRM 1 , (VREF X 2))
(JSP 6 , SKNLST) S

-5 -- (JRST (TREF 6))
(HRRZ 1 , (VREF Z 2))
(H RRZ 2 , (VREF X 2))
(HRLM 2 , 0 (1)) 

‘(HRRz 1 , (VREF Y 2))
(RET)

6 (PUSH PP , (VREF Z 2))
(HRRZ 1 , € (VREF X 3))
(ACCALL 1 , 

‘ COPY )
(PUSHJ CP , CONSNL)

— ( MOVE 2 , 1)

• 
. — 3 8 —
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(POP PP , 1)
(HRLM 2 , 0 ( 1) )
(HLRZ 1 , 0 (1)) 

55

(HRRM 1 , (VREF Z 2))
(JRST (TREF LP))

S 

L ITORG
S PLIT ORG ( VALUE—CELL X )

I COPY

35 WORDS , 1260 BITS

— — - \\
1~

~ L -

- .1

-5

- 

- - .
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S Storage a l loca t ion

As in Interlisp—1O , the data type of a pointer is determined by

the address; that is , storage is allocated in pages and the data

type of the page is stored in a table. In Interlisp—11 we also

- have — a larger unit of allocation , the segment. A segment is 615K

-: words (64 pages). In order to save space , some data types are
- 

- restricted to one preallocated segment so that pointers to them
- 

can be 16 bits in contexts where the type is known. This is

particularly useful in stack frames that contain pointers to other

locations on the stack (ALINK , CLINK , and BLINK).

Currently there are preallocated uniform segments for stack,

value cells , and small integers in the range —32K to +32K—i .

- - • Modes , machine state , and additional instructions

- 

The operating environment runs in PDP—i 1 kernel  mode; LISP r u n s

in PDP— 1i user mode. While the part of Lisp written in Lisp is

I 

entirely in L—code , the Lisp kernel is implemented partially in

,L—code and partially in PDP— i1 code. Thus , when in user mo de ,
~~~~~~~~ I -‘t-t- H I part  of the machin e  state is whether we are running L—code or

-5
— 

PDP— i 1 code. We re fer  to these as Lisp mode and 11 mode .

We have implemented in micro—code some additions to the PDP— 11

instruction set. These new instructions- serve , a var iety of

purposes.

I ‘

U 

_ 

-

~~~~~~~~~~~~~~ 

- - - -  - -  - - -
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1) To save and restore the machine  state.  These ins t ruc t ions  are

used by the  opera t ing  env i ronment  to save state when a t rap

occurs (e .g .  page f a u l t )  and to resume af te r  the t rap is

processed. They are necessary both for eff .ciency and

because some of the state is not directly accessible from

PDP— 11 code. -

2) To allow the opera t ing  env i ronmen t  to access the entire v i r tua l

address space wi thout  u s ing  windows.

3) To allow the access from 11—mode code in the Lisp kernel to the

Lisp environment — e.g. the virtual address space and stack.

Before describing the additional instructions we will briefl y

discuss how the PDP— 11 general registers and other state registers

- - are used by Lisp.

The PDP - 11/110 has 16 general registers. Registers 0—7 are

accessible from PDP— 11 code. Register 6 is user mode register 6.

I: ’ 

- The other 7 general regis ters  are accessible only from micro—code.

We have used some of these “hidd en ” regis ters  to hold status S

information for Lisp—mode code.

The general register assignments are:
-

~ RO ,1 temporary pointer

R2 temporary 16 bit quantity -
. 

-

R3 VP , pointer to cur ren t  basic fr ame

— Ill —

—



- -  - - 
- S - 

. 

— — - ——5-- I

t NPP , number of slots rema ining on the stack

RR 5 PP , pointer to top of stack

- - R6 kernel stack pointer

R7 PC, curren t pro gram counter

(low 16 bits)

S R 15 PCHI, bits 5:0 are the high order 
-

- 
6 bits of the program counter.

Bit 6 is a mode indicator; 0 if in

11 mode , 1 if in Lisp mode.

Bit 15 is the 2 word instruction indicator;
- 1 is normal , 0 means a 2 word instruction is

in progress.

Bits 111:7 are the high order 6 bits of the

literal or FEF pointer.

R16 LIT. If the currently running function is

- ....~mpiled , LIT is the low order 16 bits of the

- pointer to the literal area of the function .

- 
S If the current function is interpreted , LIT

points- -to the FEF for - the current frame.

~~~~~ I •(Note that R16 is user mode R6.)

I R17 -PPINC , keeps track of’ the number of times PP,

- the Lisp stack pointer , has been incremented in the

- 

- 

- . current instruction so that the stack pointer can

be backed up if a page fault occurs in the middle

of an instruction. - -

— 1 4 2 — -

-
-

~~~~~ 

- .
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Other status information :

- Program status, has regular  PDP —1 1 usage except

PS bit 1 is used for the true false indica tor in

Lisp mode. 
-

S MR1 mode register 1. This is the mode register used

by Lisp. In 11—mode it is set for byte addressing,

extension register disabled .

- In Lisp mo de it is set for word
:~ addressing , extension register enabled,. S

~- 
- 

New PDP—1 1 instructions S

210 TRPSAV 
-

This ins t ruc t ion  only works in kernel mode.

- 
It is used to save the machine state prior to

- processing a trap. Saves RO—R7, PS , PCHI , user
4 .  R6 , MR1 , and EXT registers , in that order , in

the block pointed to by CSAVPB (byte address 376).

- If the t rap  occurred from kernel mode , saved

PCH I is always 0, an d MR 1 an d EXT are no t
-5---

- 
-

;_
~~ 

- saved. If the trap occurred from user mode ,
—

and MR1 has word addressing enabled , Lisp mode

— is impl ied . In this case , the stack pointer is

adjusted by PPINC and PCI-lI is saved . If M R I

has word addressing disabled then 11—mode is

- implied and saved PCHI~0.

- S 
— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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211 TRPRES

TRPRES on ly wor ks in kerne l mode an d is

used to restore the ma ch ine  s ta te  af te r

processing a trap. Restores the state from

1 

two blocks ; an “old” block addressed by

- 
RO , an d a “new ” block addressed by Ri .

CR0 and Ri may be equal.) The contents of

R i are stored in CSAVPB.

- Restores PC (R 7) an d PCHI from the “new ”

block. Restores R0—R5 , u ser R6 , and PS from

the “old” block. If PS implies kernel

mode then sets kern el R6 from the “old” block .

If PS implies user mode , then sets MR1 and on

the basis of PCI-SI resumes either 11— code or L—code.

- - 
- 

- 2 12 RSETK

-

~ - 
This instruction is used in only one place.

S In the current configuration of WCS and memory

management  it is not possible in micro—code to

, 
~~

_ 

~ 
go from user to kernel mod e by simply clearing

- 

the appropriate bits in the PS. So to get into
--5

i-I 
kernel mode we fake a t rap  to the vector at 

-

F ,

~ I location 3714 which is set up to enter kernel mode

and execute RSETK. RSETK just resumes the
S microcode at the microcode location saved

on the m icro stack. 
-

. 414 ..

— 
—u 

~~~~~~~~~~~~~~~~~ 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

- :~~~
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213 ECONS

Cons (S TOS) => TOS

214 R R 2

Load R2 with the 1 word quantity addressed

by the 22 bit virtual address in RO , 1.

- 215 WR2

-
- - 

Store R2 in the location addressed by the 22

bit virtual address in RO , 1.

1 216 ECAR

- - CAR (RO ,1) => RO ,1

- 
2 17 ECDR -

- 

CDR (RO,1) ~> RO , 1 
-

220 EPUSH
-

- Push RO ,1 to Lisp stack.

221 EPOP

- .. Pop Lisp stack to R0 ,1.

222 EDPOP
L~~~~ Pop Lisp stack , discard value.,

223 ELM

Enter Lisp mode at current PC.

224 FET

Fetch to RO , i the 32 bit  quan t i t y
- 

addressed by the pointer  on TOS.

The stack is not  popped .

-~ 225 STO - .
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- - Store RO ,1 in the two words beginning

at the location addressed by the pointer on

TOS.

- 
The stack is not popped .

226 EEXCH
- Exc han ge RO ,1 and TOS. -

227 BLT

- 
- Block t r a n s f e r .  R0,i has the destination ,

R2 has the number of words and TOS has, the

last source.

7OXX RSTK

Loa d RO ,i with the contents of the Nth slot

from the top of the stack.

N is in the low 6 bits of the instruction

- (destroys R2).
- :- 71XX WSTK

-- Store RO ,1 in the Nth slot from the top of the
-
- 

- 

- 
- stack. N is in the low 6 bits of’ the instruction

I 

(destroys R2).

4 - — 4

-

— 
S — I
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Data format s

Stack fo rm at

S 

- 

The stack is allocated in a fixed 614K segment , so that a stack
pointer can be specified in 16 bits. The Interlisp “spaghetti”

S 
- stack is composed of’ linked stack frames with separate links for

- 
control and variable access. A frame is subdivided into the basic

S frame which contains the variable bindings , and the frame
- - extension which contains the links , control information , and

S temporary values. Several frame extensions may share the same
basic - f rame .  Both the  fr ame ex tens ion  and the  basic  f r ame  con t a in

- reference counts. Since the stack may become fragmented in the
course of computa t ion , we mus t  also have  a way to keep t rack  of

- unused stack space. Thus , there is also a special format for a
S stack hole. Note that the formats have been chosen so that  each
S 

- 
- item occupies an even number  of words .

Frame Extension
word 0 bit 15 0 active , 1 unactive

bit 14 0 easy return , 1 hard return

bits 7 :0 use count
word 1 END—i pointer  to last stack slot

in f rame extens ion
— 

- - (or to the last word -

- minus 1)
word 2 BLINK pointer  to basic fr ame

- 

- wor d 3 - ALINK pointer  to next  f ram e

back in access chain
word ‘1 CLINK pointer to next  fr ame

1,~~ i - back in control chain
I word 5 bits 13:8 high order 6 bits of

I 
. l i teral  pointer

bit 7 0 normal , 1 discard value -

- : r on return to this fram e

bit 6 mod e b i t ;  0 PDP —1 1 mode ,

1 Lisp mode - 
- .

bit  5:0 high order 6 bits of

4•_ i 
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r e tu rn  address

(resumpt ion  poin t  on r e t u r n

to this  fr ame)
wor d 6 RETLO Low or der 16 bi ts  of

re tu rn  address
wor d 7 LITLO Low or de r 16 b i ts  of

literal pointer for -

- this frame.

The remainder of’ the frame extension contains an arbitrary number S

of temporaries each occu pying a 2 word slot (32 b i t s) .  Since a
S po in ter  r equ i r e s  on ly  22 bi ts , the ex t ra  bi ts  in a stack slot can

be used for a variety of magic markers’. In pa r t i cu l a r , 2~4 bit
unboxed integers can be stored on the stack .

Basic frame

The fixed overhead of the basic frame is stored at the end of
the frame following the bindings. This allows us to stack the
arguments to a function and then to create the basic frame without
hav ing  to move the arguments. The BLINK of the frame extension
points to the beginning of the fixed overhead. The beginning of
the basic fr ame c o n t a i n s  an a r b i t r a ry  number  of v a r i a b le  b i n d i n g s

- - 
- 

- each occupying  a two word slot (32 bits). In the case of a local
v a r i a b l e ( 1)  , the b i n d i n g  slot simply con ta ins  the v a r i a b l e  v a l u e .
In the case of a special  v a r i a b l e  or s p e c v a r (2 )  , the s i tua t ion  is
more complicated . The “ names ” of specvars  are found in the FEF

S (function en t ry  f r a m e )  of the f rame .  The FEF is in the l i t e ra l  -

area in the case of a compiled func t i on  and in the fr ame ex tens ion
in the case of an i n t e rp re t ed  f u n c t i o n .  Now since we use shal low

-‘ binding , the current value of a specvar is in the value cell of
the atom name , and the previous value is in the basic frame;
b i n d i n g  is the process of pu t t ing  the new va lues  in the value

- 

~~~~~~ -cells and the old values in the basic frame. This is the
situation when a basic frame is part of the active computation.
However , because of the “spaghetti” stack , a basic frame can also
be i n a c t i v e , in which  case the  bas ic  f rame  con ta ins  the va lue  as

• of t ha t  fr ame.  In Interlisp— i0 there is a single bit in the basic
fr ame t h a t  te l ls  whe the r  the bas ic  f r a m e  is ac t ive  (b o u n d )  or

- inactive (unbound). But in Interli sp— i1 there is an a d d i t i o n a l
compl ica t ion . The process of b i n d i n g  a fr ame is done in a s ing le
L—code instruction , with the potential for referencing several

(1) local variables are anonymous, and inaccessible from other
f rames .
(2) specvars are global , and accessible to lower level frames.
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pages any of which  may  cause a page f a u l t .  Thus , s ince  we wish
all i n s t r uc t i o n s  to be r e— e x e c u t a b l e  if a page f a u l t  occurs  d u r i n g
execu t ion , t he r e  is a b i t  in each b i n d i n g  slot tha t  te l ls  whether
the v a r i a b l e  is in the bound or u nbound  s ta te .

The basic fr ame overhead  is:

word 0 bits 7:0 CXT — count  of ex t ens ions

that use this basic frame
word 1 BEG — 2 pointer  to f i rs t  b i n d i n g  — 2.

This is the value for VP , the

var i ab le  po in te r , when the fr ame

is ac t ive .
word 2 bits 15:8 number  of b i n d i n g s

- 

- bits 5:0 high order part of

frame name ’
word 3 NAMELO low order part of frame name.

p _ 14 9 ... -
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Hole s

word 0 — 1 This is the hole f lag  - 
-

word 1 END pointer to end of hole
word 2 LAST pointer to previous hole
word 3 NEXT po in te r  to nex t  hole.

Stack holes are cha ined  both f r o n t w a r d s and backwards ,
permittin g quick searches for available holes , and pe rmi t t i ng
removal of any hole from the chain.

When a fr ame is about to be run , it is desirable to be able to
determine whether a stack hole immediately follows the extension .
Thus , the hole mark must be distinguishable from any binding and
from a frame extension header. Thus , we prohibit all ones in the
high order  10 b i t s  of a b i n d i n g ,  and all ones as the value of USE.

A two word hole cannot be included in the hole chains , but can
be used if required by the frame directly above or can be merged
with adjacent holes if and when they occur .

Size Comparison

Extension overhead PDP— 11 FDF— 10
Basic fr am e overhead 614 bits 36bits
compiled bindings 32 bits 36 bits

- - - interpreted bindings - 148 bits 36 bits

Total (3 args  compiled)288 bits 3211 bits
total (3 args

~
iterpreted ) 336 bits 3211 bits - -

Atoms - - , -

k~~ -~ A literal- atom has four components: pnam e (print name) , function
cell , value cell , and property list. The components are stored in
a 6 word datum as follows:

-~~ word 0 function cel l
- 

- word 1 function cell -

word 2 pointer to value cell
word 3 bits 13:8 high order 6 bits of property list

- 
bits 5:0 high order 6 bits of pn ame

word 14 low order 16 bits of’ pname
S wor d 5 low order  16 bi ts  of-  pr ?er ty l is t

The function cell is a 32 bit quantity containing the fullowing

— 5 0 —
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bits 31:30 func t ion  type ( l a m b d a , n l ambda ,

spread , no— spread ) -

bits 29: 23 num ber of ar gumen ts

bit 22 0 if expr , i if compiled

bits 21:0 pointer to the function definition

Note that bits 31:23 are only meaningful for compiled- functions.
For exprs this information must be obtained from the function
definition. 

- S

There is also a separate data type called a function cell which
conta ins  the - same 32 bit encoding of a function definition. A
function cell is returned as the value of GETD of a compiled
function , an d may be used in place of a function rame or Lambda
expression when calling EVAL or APPLY.

The value cell contains the current binding of the atom . The
actual value cells are allocated in a fixed 6~4K segment. What is
con ta ined  in the atom is a 16 b i t  po in te r  to the r e l a t i ve  locat ion
of the value cell in the segment. In addition to the current
bi n d i n g ,  the  va lue  cell con ta ins  a po in te r  back to the atom . The

- - pointer back to the atom is required for backtrace , ST K ARGNA M E ,
and other functions that need the name of a binding. The value
cell format is:

word 0 bits 13:8 high order 6 bits of atom

bits 5:0 high order  6 bi ts  of va lue
word 1 - low order 16 bits of value
word 2 

- low order 16 bits ~f value

The reasons for this method of storing values are :
1) It saves space in compiled code since the value cells can

- !- be r e fe renced  d i r ec t l y  wi th  a 16 b i t  po int e r .
2) Preliminary studies have shown that only 25% of the atoms

-
~~ in a. “typical” Interlisp system have value cells. Thus

c lus te r ing  the value cells in a single segment should help
to reduce page faults.

3) It results in an overall space saving since an additional
16 bits would be required in the  atom to con ta in  the f u l l
22 bit value , while the extra three words for the value
cell use an average of .25x118, or 12 bits per atom .

The average space required for an atom is 108- bits. In
I n t e r l i s p — 1O  the  average space is 117 bi ts .
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- Compiled Code

- - A compiled code block contains a 14 word header givin g the
positions of various parts , followed by the L—code for the

- function , then the FEF’s (function entry frames) , next value cell
pointers for variables referenced freely, and last the literals
(constants) used in the function .

The header format is:

wor,,d 0 length , m a x i m u m  6 14K words 
-

- 

- word 1 FEF b e g i n n i n g  r e l a t ive  -to word 0

- word 2 bi ts  15:8 number  of words in FEF’s

S 
- 

bits 7:0 number  of va lue  cell pointers

word 3 literal beginning relative to word 0

The first FEF is for  the func t ion , and it may be followed by FEF ’s
- for internal PROGS and open LAMBDAs. For each SPEC’JA R bound in
- the function the FEF contains an 8 bit argument  number and a 16

bit  value  cell po in te r  ar ranged as fol lows :

- 

- word 0 bits 15:8 argument 0

bits 7:0 argument  I/

word 1 value cell pointer *

-- word 2 
- 

value cell poin ter

S 

- 
. -

-5 4 —  - - S

--5 
- ~~~S _ S . 

—

~
-.
-
- - 

-

~_
S.__ -

etc .

-- The FEF is terminated by an argument number equal to 0. The FEFs
are followed by the 16 bit value cell pointers for variables

- 

I r e fe renced  f r ee ly  by the  func t ion .

Next are the “prog variable indicators ” or PVIs. These are used
to r e f e r e n c e  local v a r iab l e s  of ou ter  PROGs or the m a i n  f u n c t i o n
from w i t h i n  a PROG t h a t  makes a frame., - The left byte of the - 

-i nd ica to r  is the r e l a t i v e  locat ion  of the desired fram e pointer in
the c u r r e n t  f ram e ex t ens ion , and the right byte is the position of

-
- the variable within the frame. S

- 
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The normal literals are 2 word q u a n t i t i e s  con t a in ing  22 bit
pointers and possibly other information. Specifically, the
literal for a function call contains the number of arguments

- 
supplied in the high order bits.

We use a s ingle  base reg is te r  for references  to all this
information in the compiled function. This , combined with
variable reference offsets of 7 bits , literal reference offsets of
8 bits , and 2 word literals , imposes the following rather peculiar
limits.

1-) number of FEF words plus number of vcells plus number of
PVIs must be less than  or equal  128 words , and must be an
even number of words (filled -with a 0 if necessary)

S - 2) (// FEF plus #PVI plus #VCP)/2 plus num b.er of li terals must
be less than or equal 256.

A further limitation is that a compiled code block óannot overlap
a segment (614K) boundary. In this way we avoid a double precision

- 
add to increment the PC (If this becomes a serious limitation we
could have a special branch instruction for crossing segment
boundaries).

List Storage 
-

A list cell can occupy one , two or three 16 bit words. The
chosen encoding is not the most compact encoding possible but it

- - 
is quite compact while remaining fairly simple to encode and

-- 

- decode.

S 
- I The high order 3 bits of each cell of whatever size contain the

- 
type. The types are

- 4— -

-~~~~ TYPE FORMAT
~

-5 ’1i 
— 

____ ______

- 000 SHORT bits 15: 1 3 TYPE
-
~~~~~- -! II bits 12:6 7 bit CAR
S 

b i ts  5:0 6 bit CDR
- 

001 SHORT CAR bits 31:29 type

1 bits  28:22 7 bit  CAR 
-

- 
bits 21:0 fu l l  CDR po inter

1. 010 SHORT CDR bits 31:29 type

- 

. 

- 
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bits 28 unused
- 

- 
- bits 27:22 6 bit CDR

bits 21:0 full CAR po inter

— 011 LONG bits 47:45 type

— bit 1414 unused

- - bi ts 143 :38 high order 6 bits of CAR

bits 37:32 high order of 6 bits CDR

-: 
- bits 31:16 low order 16 bits CAR

I bits 15: 0 low order 1 6 bits CDR

100 INDIRECT—i bits 15:13 type

- bits 12:0 offset from this location
of actual list cell

101 INDIRECT—2 bits ‘
31:29 type

-

- 
bi ts 28:22 unused

bits 21:0 pointer to actual list cell

The 7 bit short CAR is encoded as follows. If all 0, then CAR is
NIL. Otherwise , if the high order bit is 0, then CAR is a list ,
and the remaining 6 bits are the offset from the location in
words. If’ the high order b i t  is 1 , then CAR is a small integer

~~ - between —32 and +3 1.
- 

‘4  The 6 bit short CDR is coded similarly; that is , 0 means CDR is
- 

NIL , a n y t h i n g  else means  CDR is a l is t  o f f se t  by +/— 3 1 words .

Indirect types are used when an RPLACA or RPLACD occurs  to a short• cell , where the result will not fit in the cell. An offset of 0
in type INDIRECT—i means the actual cell is in a hash table keyed

- ~~~~~~ on the original location .

Using the following data obtained by Green and Clark we can
- compute the average number of bits required by a list cell.

- a) 29% of CAR’ s are lists. Of these 70% are within +/—31
- cells.

S b) 72% of CDR ’s are lists. Of these 80% are within +/—31 -

S cells -

-
- - c) 25% of CDRs are NIL

d) 3% of CARs ar e NIL
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S 

e) 11%’ of CARs are small integers 0—15

Thus if’ we assum e no indirect pointers , the avera ge num ber of bi ts 
S

per l ist cell is 28.5 bi ts .

(Note tha t  we h a v e  assume an equ iva lence  of cells and words which
is incorrect. However , adjusting for this does not change ’ the
results significantly).

- This  l ist  cell  encoding has not been implemented yet. 
- - 

-

Working set size

In our In t e r l i sp — 1 O  work , we ob ta ined  some da ta  on des i rable
- - working set sizes for large Interlisp— 1O program s, and the

distribution of’ the various data types in the working set.
Briefl y 100—150 TENEX pages is adequate for most programs. A page
in TENEX is 512 36 bit words. The distribution by data type does
not vary significantly between 100 and 150 page working sets , so

S 

we give the data for the 100 page working set only, averaged over
3 programs

data type pgsinworking set—TENEX 11 / 10 ratio(bits) PDP—llwords
MACROCODE 19 .5 (est.) 1091414 4

COMPILED 34 .37 114 1492
ARRAY 2.75 .89 2819
STACK 11 .89 11101- -  LIST 13 .81 12130

— HA SH TABLE 3 .89 3076
- 

- ATOMS 16.75 .9.6 1 85211
P N A ME - 14 1.11 51114

- INTEGER 1 .89 1025
OTHER 2.5 1 2880

S •~~~ \TOTAL 75100

~~ ~~ -- So the equivalent of a 100 page (51 , 200 word )  working set in
j Interlisp—1O occupies 75 , 100 words  on the P D P — 1 i .  ( r o u g h l y  66% of

- the number  of bits).

- i
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S S tatus

- 
The hardware  Memor y Mapping  Device to map the 22—bit  address

space of I NTERLIS P — 11  in to  a 19 bits ( 512K )  real core address has

been designed and specified , built , and is now operational.

In terms of so f tware  implementa t ion , we have designed the L—code

instruction set , implemented it in microcod e , and debugged the

microcode. This microcode provides the basic pr imitives for

allocating, accessing, and manipulating all the INTERLISP data

types as well  as the funct ion  invocation and stac k handl ing

mechanisms. The compiler itself , whicn is written in LISP, has

also been implemented. A substantial portion of the INTERLISP

kernel  (the part of INTERLISP—1O that is written in machine

l anguage)  has been r e — w r i t t e n  in LISP. Another  la rge  f r ac t ion  of

the LISP kernel  has been wr i t t en  in L— code (r a the r  than in PDP — 11

- 
code) . We have  also completed the work required to mod i fy

- 
~

- 

~~J4
- 

- sof tware  tha t  a l though wr i t t en  in LISP , was machine  dependent .

- These are major steps in the direction of machine independence ,

and should pay of f  handsomely when t ran ’sfer to new , more

~~ - -
~~~~ I cos t—e ffec t ive  hardware  becomes possible.

~~~~~~~~

, I- - - ,il I Consequent ly ,  as of the end of the INLAT con t rac t  (3 1 J a n u a r y

1976) there exis ts  an I NTERLISP —11  f a c i l i t y  tha t  is capable  of’

running LISP code compiled elsewhere , and that provides an

I interpreter with which users can sit at the PDP— 11 console , type

in LISP code and execute it, as demonstrated to ARPA— IPTO

man agement on 11 February 1977. However , due to long delays - In

— 5 6 —
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hardware delivery and check—out , this implementat ion fell short of

what we expected to have at the end of the con t rac t .

Implementa t ion  wi l l  be completed in a fol low—o n con t rac t .
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SECTION 3 — THE NATURAL LANGUAGE INTERFACE

In t roduc t ion

In th i s  Section we descr ibe  the Natural Language Interface (NLI)

for HERMES commands that was designed and Implemented in our INLAT

- 
project. The objective of the NLI is to enable users to formulate

in English their requests for executing mail manipulation actions ,

S or for explanations on how to perform those actions using HERMES

- commands. Such a facility would serve two very useful purposes in

- 
an Intelligent Terminal environment :

a) an i n s t ruc t iona l  purpose , by showing users  spec i f ical ly  how

to perform something they have need for , and

b) an execut iona l  purpose , by enabling users to circumvent the

command language completely and thus make the underlying

system accessible to people with little or no experience in S

its usage. —

In order to serve these purposes adequately , the NLI should have

I the fol lowing  proper t ies :

1 1) the NLI should be hab i tab le  — i.e. it should be able to

-- -) deal with requests spanning a wide range of English syntactic
L constructions within the subject domain , as well as with

I common errors in spelling or in grammar. -

2) the NLI should be efficient — total parsing and

interpretation time should be short enough (less than 1 cpu
S - second) to permit comfortable interaction . -S

— 5 8 —
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3) the NLI should be easi ly m o d i f i ab l e  to deal wi th  any of a

- number of domains  of d iscourse  wi th  a minimum of p

- reprogramming, and the addition of i n f o r m at i o n  needed to deal -

- with a new domain should be as simple and straightforward as

possible.

A “general  solut ion to the na tu ra l  language  problem for

unrestricted discourse” would , a fortiori , satisfy these goals , if

we could develop such a system wi t h  cu r ren t  knowledge!

U n f o r t u n a t e l y ,  t ha t  solut ion is not presently within sight.

However, by limiting the domain of discourse it is possible to

produce very  acceptable and useful  NLIs .  The SOPHIE system in the

domain of electronic troubleshooting , and the LUNAR system in the

domain of lunar rock chemical Lnalyses , are cases in point. The

- 
system to be described here constitutes another example of an NLI -

-

- - capable of handling pretty sophisticated and “free” English - :

~

- requests , and introduces a novel approach that makes the system

- 
more easily extendable to other domains than SOPHIE , an d mu ch more

e f f i c i en t  to run than LUNAR.

~ -
- The following two annotated protocols give an idea of the

capabilities of’ the system . The first protocol shows the

I “explanation ” abilities of the system . Users can issue HERMES

-5 1 commands as they would normally , and those commands will get

executed and answered by HERMES. But if instead of a HERMES - 
-

command users type something in English (i.e.,: something that

HERMES can not digest), the NLI intervenes . Notice that all the

- requests in the protocol are for explanations ; if instead of a
-

~~~~~
‘
-~~ F
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“how to ” type question the user had used the imperative form , the
- request would have been translated into HERMES commands , executed

invisibly to the user , and the result would have been shown .

- 
The second protocol gives an idea of’ the range of English that

— - can be handled by showing how the system deals with a number of

- coinmon variations on the theme of’ “messages dealing with a certain
- 

topic. ” Instead of showing the user typing directly to the INLAT ,

which would have produced monotonous responses , we show the

interpretation produced by the NLI. 
-

L 

T I 
- 

- 

-

- 
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~1- .  Hermes/Inlat >>>> Preliminary version 0.0.3 (26—Dec—76 11:21AM)

Please be pa t i en t  a moment  wh i l e  I s t a r t — u p  -

- Hermes over  the Net and i n i t i a l i z e  ...
BBN—TENEX 1 .314.20 , BBN — SYSTEM — D EXEC 1.54 .44- S € LOG GRI GNETT I 10099
JOB 33 ON TTY12 1 17—Mar—77 16: ’45
PREVIOUS LOGIN:  17—Mar—77 16:15
(JOB 214 AL SO LOGGED IN UNDE R GRIGNETTI )  I

HERMES 2.6.6 1 3—Oct—76
Type NEWS , followe d b5y ca r r i age  re tu rn ? for the latest  news .

The INLAT establishes a connection over the
ne1~ ork, logs the user in, and puts him in

- OK. Thanks for  w a i t i ng .  contact with HERMES.

93\How do I p r i n t  just the number , the subject, and the author
of a message?

- The backs lash ( \)  is the INLAT ’s p m p
S ,haracter, preceded by the interaction

number. The user ‘s typing is underlined. —

-~ To show the indicated par ts  of’ the messages , we create a “Template ”:
-~~ 

S 

- 
>CREATE TEMPLATE {MESSAGE—NO&SUBJECT&FROM}

-~~ L >>LINE—INSERT 
-

- 

- MESSACE—NO.+ - The INLAT explains how to execute this action - ]
— - SUBJE CT + - by means of HERMES commands . Firs t, it is -

FROM . + necessary to create a new tenrp late and giveSEPARATE it a name (i.e.: { MESSAGE-NO&SUBJECT&FROM}) . —

>YDONE 
- 

- -

-- Issue the Hermes command :  -~~~

>P R INT * L MESSAGE — NO&SUBJECT&FROM } -

- Next, a PRINT conv~and mus t be issued, to -

print all messages (*) through the template -

jus t created. -

914’t Show me how to print the messages dealing with “Intelligent
Terminals ” th~-it  St eve sent  me d u r i n g  J u l y .
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~S - Issue the Hermes command:
>PRINT /SUBJECT: “INTELLIGENT TERMINALS”/FROM WALKER/TO: GRIGNETTI/
AFTER 7 — 1 — 19 7 6 / B E F O R E  7—3 1—1976

Here the PRINT command “filters ” the
- user ’s messages so tha t only the ones

desired are obtained.

95\What do I do to see the last  3 messages that arrived
last week? -

>SURVEY /AFTER 3—6—1977/BEFORE 3—12—1977 -

Now , using this ordered list of messages:
PRINT the last 3 elements of the list this survey will produce.

The SURVEY command produces a one-line
cunvmzry- of all the messages received within
the indicated period ( “today” was March 16th) .

- 

* ,* ******** ,  
- 

-

96\What  do I do to see the 3 longest  messages tha t  a r r ived
last week?

~~ 

-

~ S Since messages are not ordered by
> CREATE SE QUENCE Some— n ame# 1 size, we must select the ones we want
>>ADD ‘/AFTER 3—6—1977/BEFORE 3—12—1977 and sort them in order of increasing
>>SORT LENGTH length .

S 
- >>REVERSE - - - - -

- - 
- >>DONE 

-

> SURVEY Some— n ame# 1 
. The newly created SEQUENCE is StiR-Now , using this ordered list of messages: VEYEDPRINT the first 3 elements  of the list this survey will produce.

“ Note that it may or may not be reasonable for you to physically
create any filters or sequences illustrated above.

-
. 

- Meaning, i f  you have just a few messages
you can jus t as well SURVEY them and select
the 3 longest by inspection.

- 

- 

- 
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97\Explain to me how to get a summary of a l l  the messages about
“Intell ir~ent Terminals ” that I received from Steve,
excluding those I’ve seen already .

Issue the Hermes command:
>SURVEY /SUBJECT: “INTELLIGENT TER MINALS”/FROM WALKER /UNSEEN

UNSEEN happens to be a pre —de fined HERMES
filter.

9 8 \Des c r ib e  the  p rocedure  for p r i n t i n g  the f i r s t  3 messages
sent by e it h e r  W a l k e r  or Brown d u r i n g  the  2nd week of Dec.

>CREATE SEQUENCE Some—name# 1 -

>>ADD */FROM WALKER/AFTER 12—12—1976/BEFORE 12—18—1976
>>ADD 1/FROM BROWN/AFTER 12—12—1976/BEFORE 12— 18—1976
>>SORT Filters can not be ORed with HERMES.
>>DONE Proper merging is achieved using SEQUENCES

instead.

>SURVEY Some—name#1
Now , using this ordered list of messages:

S PRINT the first 3 elements  of the l is t  th i s  survey will produce.

~~ Note that it may or may not be reasonable for you to physically
create any filters or sequences illustrated above.

- -  
- 

99\Tell me how to get a summary of’ the messages that
arrived between April 15 and the end of June , except for
those that are about “Intelli gent Terminals. ”

We will do this one by c rea t ing  a f i l t e r :  Here there is no pre -defined)CREATE FILTER Some — n ame # 2 
~~~~~~~~~~

~~~~~ ~~~~~~~~~~~ 
j 1.~~er so we mus L. crea t.e one.

S — ‘ ‘ ‘  ““ (Contras t with 97 above.)
>>RE QUIRE DATE: BEFORE 6—30—1976
>>REJECT SUBJECT: INTELLIGENT TERMINALS
>>DONE
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Issue the Hermes command : SURVEYing all messages that pas s through
)SURVEY ‘/Some—nz~me#2 the newly created f i l ter .

‘ Note that it ma y or may not be reasonable for you to physically
create any filters or sequences illustrated above.
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(ARE THERE ANY MESSAGES ABOUT “INLAT”)

(QUESTION (* The input is a QUESTION)
COMMAND TRANSCRIBE (~ The command to 

be used is TRANSCRIBE)
S MESSAGE ITEM (~‘ The argwnents of this command constitute -

(N p a MESSAGEITEM)
NOUNTYPE <MESSAGEITEM> (~‘ See discussion of Case Structure “alot~ ”)
ISEQ * (~~ 

The Implied SEQuence is “all messages~ ( *)
FILTE RS ~((SUBJECT : “INL.AT”))FORM AT ST EM P L A T E )  (* Produce an output formatted as a SURVEY)

SWITCHES = (EXECUTE YES/NO)] (4 Produc e an execution, not an explanation,,
S - and note this is a YES/NO type question)

(ARE THERE ANY MESSAGES WITH THE WORD “INLAT” IN THE FIELD THAT
DESCRIBES THEIR CONTENT)

(QUESTION - -

COMMAND TRANSCRIBE
MESSAGEITEM

(NP
NOUNTYPE = <MESSAGEITEM>
ISEQ :* -

FILTERS = ((SUBJECT: “INLAT”))
FORMAT = STEMPLATE)

SWITCHES = (EXECUTE YES/NO))

- - 
~
— 

- (WHAT MESSAGES HAVE “INLAT” IN THEIR SUBJECT)

(Q UESTION
COMMAND = T R A N S C R I B E

- 
MESSAGEITEM =

- - -  - (N P
NOUNTYPE <MESSAGEITEM>
ISEQ ‘

S FILTERS = ((SUBJECT: “INLAT”))
- - “- - FORMAT STEMPLATE]

SWITCHES = (EXECUTE)]
- -

(WH ICH MESSAGES CONTAIN THE W ORD “ INLAT ”  IN THEIR SUBJECT FIELD)

(QUESTION
COMMAND TRANSCRIBE -

MESSAGEITEM
(N P
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NOUNTYPE = <ME SSAGEITEM >
ISEQ =

FILTERS = ((SUBJECT: “INLAT”))
FORMAT STEMPLATE]

SWITCHES = (EXECUTE)]

(GIVE ME THE MESSAGES THAT DEAL WITH “ INLAT ” )
-
: (IMPERATIVE

COMMAND = TRANSCRIBE
MESSAGEITEM
(NP

NOUNTY P E <MESSAGEITEM >
ISEQ = ’
FILTERS :((SUBJECT: “INLAT”))]

SWITCHES = (EXECUTE))

(I WOULD LIKE TO READ ALL THE CORRESPONDENCE I HAVE ON “INLAT” )

(CLA USE
COMMAND TRANSCRIBE
MESSAGEITEM

(N P
NOUNTYPE <MESSAGEITEM>
FORMAT PTEMPLATE
ISEQ = ’
FILTERS :((SUBJECT “INLAT”))]

SWITCHES :(EXECUTE))

— (DO I HAVE ANY MAIL CONCERNING “INLAT”)

~
-. I (QUESTION - 

-

COMMAN D T R A N S C R IB E
MESSAGEITEM =
(NP

F ~
‘

-
~~ NOUNTYPE <MESSAGEITEM>

ISE Q =
FILTERS = ((SUBJECT: “INLAT”))
FORMAT STEMPLATE)

SWITCHES :(EXECUTE YES/NO))

- -5—  -S  
- - -  ‘1
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(WHO SENT ME MESSAGES DEALING WITH “INLAT” )

(QUESTION
COM M AN D TR A NSCRIBE

-
- MES SAGEITEM

(N P
NOUNTYPE <MESSACEITEM>
ISEQ
FILTERS = ((SUBJECT: “INLAT”)

(TO : GRIGNETTI))
- 

- FORMAT = (FROM)1
SWITCHES :(EXECUTE))

- 

- 

(WHEN DID I GET MY FIRST MESSAGE ON “ I N L A T ” )

(QUESTION
COMMA ND TRAN SCRIBE
ME SSAGE ITEM =

S (NP
NOUNTYPE <MESSAGEITEM>

S 

ISEQ :(SEQUEUCE (SUBSET 1:1))
FILTERS :((OR (TO: GRIGNETTI)

S (CC : GRIGNETTI))) 
S

(SUBJECT: “INLAT”)
FORMAT = ( D A T E : ) ]

- - SWITCHES :(EXECUTE)]

et

-

- . ;- - 
- - ( PRINT ONLY THE FIELD THAT DESCRIBE S THE CONTENT OF THE MES SAGES I

RECEIVED YESTERDAY ) —

( I M P E R A T I V E
S 

- COMMAND T R A N S C R I B E
-

- - - S MESSAGE ITE M
(NP

- -  
S I  

- NOUNTYPE <MESSAGEITEM >
‘9 FORMAT :(SUBJECT:)

ISEQ = ’
- 

S FILTERS :((YESTERDAY))] -

SWITCHES = (EXECUTE)]

(WHAT MESSAGES DID I RECEIVE YESTERDAY CONCERNING “INLAT”)

67
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( Q U E S T I O N
COM MAND TRAN SCRIBE S
ME SSAGEITEM
[NP

NOUNTYPE = <MESSAGEITEM>
ISEQ
FILTERS : ( ( SU B J E C T :  “ I N L A T ” )

(YESTERDAY ))
FORMAT STE MPL AT E]

SWITCHES :(EXECUTE)]

- -5 
I

- .

- j  — 6 8 —

IIIL ~1T 
- 

-~~~~_ 
— 

——--5- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~ ~~~~~~ 
- - - ___________ -

-5- --5— — — ______________ 
-



- 

1
Background

- - Like all natural language systems, our NLI makes use of

syntactic , seman tic , and pragmatic knowledge. As a first step in

describing the interaction of these types of knowledge in the

INLAT NLI , we will first consider some characterizations of the

use of these three types of knowledge in natural language systems

in g~neral. One very common view , in first approximation , is the

- following : Syntactic knowledge is used to assign to the linear

string of words which is the input to the NLI , a structure which

groups the words according to the hierarchical syntactic relations

- among them. The purpose of semantics , then , is to assign a

“meaning ” to such a . syntactic structure . A well—designed

S syntactic component can greatly simplify the design of this

semantic component , since it can trans form syntact ic variants of a
- 

- L. phrase into a common form. The role of pragmatic knowledge is to

- 
-
- assign a “purpose” to the utterance (in some context) and perhaps

S to determine an appropriate response given the assigned purpose.

This view can be schematically represented as a simple pipeline ,

—H in which text comes in at one end , is processed by a syntactic

~~
-

- I- com ponent , the resulting syntactic structure is processed by a

semantic interpreter , and the semantic interpretation is used in
- -

I turn as the input to a pragmatic processor. This is the way LUNAR

J works.

A valuable feature of this model , related to goal 3) ,  is the

fact that the process of applying semantic knowledge is entirely

independent of’ the process of using syntactic knowledge . The 

— 6 9 —
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interface between the two knowledge sources is entirely defined by

the permissible structures produced by the syntactic process.

Once this has been def ined , syntactic and semantic knowledge and

processing s t ructures  can be built independent ly ,  and since there

- 
is good reason to believe that the syntact ic  regularities of -

English extend 
- 

over many subject domains , changing the subject

domain of’ the NLI does not require much modification of’ the

syntactic component.

The view outlined above stresses the interpretive or descriptive

aspects of the use of semantic and pra gmat ic information in an NLI

— semantics is used simply tà provide an interpretation of the

structure produced by the syntactic component. Recent work on

practical NLI’s (such as the “semantic grammar” used in the SOPHIE

system) has emphasized another aspect of the interaction of

syntactic processing with semantic and pragmatic knowledge. This

- 

- 

aspect can be characterized as the “proscriptive” use of seman tics

and pragmatics. The meaning of a syntactic structure is , in

general , built up by combining the meanings of sub—structures in

some fashion. Not all syntactically well—formed structures can be

Interpreted (particularly within a restricted subject domain), and

S 

- thus one can conceive of semantic knowledge which characterizes

the collections of “syntactic modifiers” which can be meaningfully

applied to a given syntactic head . Similarly, at any point in a

dialogue with the user , there are semantically interpretable

structures that are pragmatically impossible or implausible. This
-

~ informa tion is of potent ially great use for controlling syntactic

— 7 0 — 
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processing — both in guiding the search for syntactic structures ,

and in restricting the range of structures produced by the

syntactic process. Such a control necessitates a much greater

level of Interaction between the (knowledge embedded in the)

semantic processor and the details of the syntactic process — and - S

- unlike the “pipeline” approach in which only the characteristics

of the final output of the syntactic process need to be considered

In the design of the semantic processor , in this approach some

portion of the set of control decisions made within the syntactic S

processing must be documented and externally accessible.

One way to do this is to completely merge the three process and

knowledge structures. The “semantic grammar ” used In SOPHIE , and

the “pragmatic grammar” use d in HWIM , are exam ples of this

approach . To characterize such grammars , note that the basic

- 
S operation in most linguistic systems can be viewed as a Drediction

and/or search for a linRuistic unit suggested by contextual

information (such as the structure of units already found , the

state of the syntactic processor , the state of the overall

dialogue , etc.). In a syntactic processor the linguistic units

are such syntactic structures as NP ’ s, PP’s, CLAUSE’s, PREP’s,
NOUN ’ s, etc. In “semantic grammars ,” the linguistic units are

generally phrases with a constrained meaning , e.g. a phrase

referr ing to a circuit component or one referring to an electrical

- 
measurement in a circuit. Such units often (but not always)

-- 
- correspond to a single syntactic unit. As these units are

: 
discovered they are incorporated into more complex semantic units

— 71 — -
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in the same way PREP’s and Np’s are incorporated Into Pp’s

syntactically. Note that in this approach both the control

- (proscriptive) and interpretive (descriptive) aspects of semantics

- 
- 

and pragmatics are tightly enmeshed in the search for units , and
-

- there is no explicit general syntact ic  processing ~evident. In

- fact , it is often d i f f icu lt  in such systems to take into account

• regularities In the permissible variations of a given unit (e.g.

-- the equivalence of passive and active constructions in all

- 
- semantic units represented by clauses %4Ith passivizable verbs).

- 

An a l ternat ive approach would be to mainta in the syntact ic

orientation of the basic prediction and search process , and

separate the proscriptive aspects of semantic and pragmatic

knowledge from the interpretative aspects , having the syntactic
I processing interact only with the proscriptive semantics and

pragmatics. This leaves the Interpretive semantics potentially as

Independent  of processing as the pipeline approach. Many NLI’s

based on “case st ructure grammars ” can be viewed in this light.

- ~~
- . The difflcult.y with such an approach lies in part In the problem

-of writing case structure rules that capture anywhere near as much
- 

~~~~ ‘
- of the known domain constraints as the “semant ic grammar ” systems ,

since without this it is difficult to obtain systems with wide

- 

- grammatical flexibility that do not suffer from combinatL-rial

efficiency problems produced by syntactic ambiguity (particularly

the ambiguity in placement of modifiers).

—7 2 — 
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The INLAT NLI Approach

The system uses an Augmented Transit ion N etwork (ATN)  grammar

together with a case—oriented dic t ionary to achieve a close and
S 

efficient integration of the syntactic processing with the case

structures (which Include semantic and pragmatic properties of
- 

objects). 
-

The ATN defines , using normal - syntactic categories , a ver y

general surface structure of about the capability of the LUNAR and

GSP systems. If case structures and semantic Information

- 
(including interpretation rules) are omitted from the dictionary,

the grammar func tions as a standard parser , producing closely

related “deep structures” for syntactic paraphrases.

The system provides mechanisms for users to define semantic

interpretation rules and case frame checks which are to be applied

- - at various points in the parsing process. Thus constituents are

interpreted as soon as they are parsed , and the structure of the

semantic interpretations thus produced are checked when filling

the case frames for higher structures. Since the “most likely”
I .:- -

local interpretation may not fit the case requirements of

containing structures , the system provides a general coercion

S mechanism to re in terpre t  a const i tuent  in light of its context

when necessary. To facilitate reinterpretation , as well as

certain anaphoric references , the original syntactic structure is

- - maintained throughout the parsing together with any semantic

-
~~ 

- - interpretations. This organization permits the - semantic and

pragmatic interpreter to tightly control the syntactic parsing at

—
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all levels , from the lowest phases up through the association of’

modifiers and complex nominal and verb structures. It reduces

ambiguity at all levels , thus improving the overall efficiency of

the system. It also guarantees that the first parse that comes

out is interpretable within the discourse domain (and is actually

interpreted as it comes out). At the same time , the syntactic

processor and the semantics and pragmatics are cleanly and

completely separated. The semantics and pragmatics for a given

domain can be coded without detailed knowledge of the operation of

the syntactic processor , and yet still maintain the tight control

that we desire to limit ambiguity. This fact facilitates building

systems for new domains by modifying part or all of these

semantics and praginatics and maintaining the syntactic processing

constant.

The syntactic processor greatly extends the range of the

syntactic structures which we can handle to include such

structures as com plex relative clauses , com plemen ts, comparatives ,

passive transformations , extraposition , ellipsis , and gapping.

- .- -~ \
~—

How the System Works

Having reviewed the structure of the parsing system , we present

‘1 - next a description of the parsing process and of the way this

process Is controlled .

The parsing process is based on the notion of incremental

interpretations , I.e.: building a phrase by adding~ -constituents

one by one and interpreting the results. As each new potential

~ 
- (

-
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syntact ic  cons t i tuent  is foun d , semantic and pragmatic knowledge

Is used to check if it is consistent with the interpretation of

- the phase already built. If so, the semantic interpretation of

the const i tuent  Is incorporated into the semantic interpretation 
S

S of the phrase. - 

-

- S The semantic and pragmatic knowledge resides in a data—structure

assoclated with the head word of a phrase — the main verb of a

CLAUSE or the head noun of a Noun Phrase (NP). This

data—structure  can be viewed as def in ing  a set of “ slots. ” These

“slc’~ts” can be filled by modifier constituents such as —

Prepositional Phrases (P1’s), NPs , relative clauses , etc. If these

constituents satisfy a set of semantic and pragmatic criteria

associated with the “slot ,” then the meaning of the modifier

constituent can be incorporatec into the semantic interpretation

of the main phrase. This notion of restricting the type of phrase

which •may be placed In modifier slots is closely related to the

notion of a Case Frame as given by Fillmore and others (see Bruce

( 7 6 ] ) .  The semantic and pragmatic checks associated with a given

slot are greatly facilitated by the fact that the lower level

phrases are completely interpreted before they are presented to

the Case Frame Checker. This means that the criteria can be based

on the interpretation of’ phrases rather than on the syntactic form

of these phrases. In particular , NPs are interpreted as they are

built and they are assigned to one or more categories referred to

as NOUNTYPES. Most of the Case Frame Checks within our system are

In fact single tests of the NOUNTYPES of NPs or on the NOUNTYPES

of prepositional objects in prepositional phrases. -

— 7 5 -
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The following figure shows some examples of Case frame “slots:”

I _ -
i

- 

-

S t S --
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SEND
- 

(VERBCASES
[ [FROM ( ( ~ (POBJ NOUNTYP E )

-
- <USER>)

(FILT ERS — 
(BUILDQ (FROM: #)

(GetPATH * POB J HEAD HEAD ]
[SUBJECT ( ( =  ( N O u N T Y P E )

<USER>)
(SUBJ <~ *)
(FILTERS 

— 
(BUILDQ (FROM : #)

S 
- 

(Get PAT H ~ HEAD HEAD
- [INDOBJ ( ( ~ ( N O U N T Y P E )

- - <USER>)
(INDOBJ <= *)
(FILTE R S 

— 
(BUILDQ (TO: #)

F (Ge tPATH * HEAD HEAD ]
(OBJECT ( ( =  ( N O U N T Y P E )

< M E S S AG E S E Q > )

(OBJECT <~ *)))(TIMEMOD (T (TIMEMODS <— (GETTIMEMODS *3
QUESTIONINTERP QINTERP—MESSAGEVERB
TIM EVE R B T ) )  

-

MESSAGE 
S

- - 

(POST MODCASES
• ~

- - 

[[WITH ( ( I N  (POBJ NOUNTYPE)
( < F I E L D N A M E >  < I D E N T I F I E R >  < S T R I N G > ) )

- .. 
- (FILTERS (MAKEFILTERFROMPP *]

- [ ( ON ABO UT)
( ( IN (POBJ NOUN T YPE )

- - 
( < S U B J E C T >  < S T R I N G > ) )

- :- (FILTERS 
— 

(BUILD Q ( SUBJECT: #)
- - -. ( GetPATH * POBJ HEAD HEAD]

(FOR ( ( :  ( POBJ NOUNTYPE)
<USER>)

(FILTERS 
— 

(BUILD Q (TO #)
-~ (GetPATH * POBJ HEAD HEAD ]

S S 
- (OF ( ( =  (POBJ NOUNTYPE)  -

- -  

~-j < U S E R > )

- 
-
~~ (FILT ERS 

— 
(BUILDQ (OF #)

- (Ge tPATH ~ POBJ HEAD HEAD ] - -

4 ( ( F R OM B Y ) -

( ( =  (P OBJ NOUNTYPE)
S < U S E R > )  -

L 

(FILTERS (BUILDQ (FROM: #)
S (Ge tPATH ~ POBJ HEAD HEAD]

(VERBMOD (T (FILTERS <— (Ge tPAT H ~ FILTERS]
- 

(PREMODCASE S

- 
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[(ADJ ((INEVAL (HEAD)
FILTERADJ S)

(FILTERS <— (InterpADJasFILTER *]
NOUNTYPE

(<MESSAGESEQ>)
I D E N T I F I A B L E  T
NUMERABLE T ) )

-t

\

a
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We can view the parsing of a phrase (e .g .  an NP or CLAUSE) as a

process of searching for syntactically well—formed substructures

(either words or phrases) and assigning them to case structure

“slots” associated with the phrase. As an example , consider the

clause: 
-

John gave the red—headed boy the book last Tuesday.

As a simplification we can consider that the verb “gave” fills the

HEAD slot of this clause , the NP “John ” fills the SUBJECT slot,

the NP “the  red—headed boy ” fills the INDIRECT OBJECT slot , the NP

“the book ” f i l ls the OBJECT slot , and the NP “last Tuesday ” fills

a TIME—MODIFIER slot . At any time in the parsing of a phrase

there are a limited set of syntactic structures that are plausible
S to look for .  This set depends on such things as:

a) general restrictions on all phrases of the given class ,

based on the set (but not the contents) of currently assigned

slots

b) the next word in the string

-
~~~~~ c) the actual contents of the currently assigned slots.

Thus , if we are parsing a top—level clause and have assigned no

slots, it is plausible to look either for an NP (which may

eventually fill the SUBJECT or OBJECT slot), or an unt ense d ver b

(which will fill the HEAD slot and mark the clause as IMPERATIVE),

or a prepositional phrase which may fil l  any of several modifier

slots , etc. -
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-- ~~~~~~~~~~~——- 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~ - 

- -  - - T. :~~~~~~~~~~~~ --~~. ~~~~~~~



- 

5 

---- 5 -- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

- .  

In the current version of the parser , NPs are handled in the

following fashion . From the point of view of the syntax , a NP

- 
consists of’ the following parts: a determiner (DET), a sequence of

- - pre—modifiers (PREMODS), a HEAD , and a sequence of post—modifiers

(POSTMODS ) .  In the noun phrase “the  three  largest  polished pewter

candlesticks from California that I have seen ,” the DET is “the

three~ largest” (containing the article , the number , the

superlative , and potentially an ordinal), the PRE M ODS are

“polished” and “pewter ” (and In general include adjectives ,

associated adverbs , and present participles as well as past

- participles and nouns), the HEAD iS “candlesticks ,” the POSTMODS

- 
are “from California” and “that I have seen ” (and in general

include prepositional phrases and relative clause modifiers). Any

of these parts  may be missing ( though  the current  system will not

allow POSTMODS if there is no HEAD , and will thus not handle NPs

like “the largest I have seen”). Each part is defined both by its

internal syntactic structure (e.g. prepositional phrase or

adverbially modified adjective) and by its relative position in
--  the NP. The syntactic processor searches for the legal syntactic

S S

structures in each position (e.g. it first looks for a DET , then

looks for PREMODS followed by a noun for HEAD , followed by P1’s and

~ 
~
- . relative clauses). As each of these parts is found , it is passed 

S

to the semantic case assignment processor. It is the

responsibility of the case checker to see if the syntactic

s t ruc ture  passed to it can p lausibly fill  the part specified by

the syntactic processor , given both the set of already filled

parts and semantic and pragmatic knowledge associated with the

HEAD. -

- 

- 
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Let us consider the processing of the sentence:

“Print the messages from Woods from June 1 to the end of last

month on the LPT: ”

The syn tac t i c  processor notes that  the f irst  word in the sentence

is an untensed verb , so it assigns that  verb as the HEAD of the

sentence and sets up to parse an imperative sentence. Since the

dictionary entry for “print” indicates that it is a transitive

ver b , the parser next searches for an NP to be the OBJECT. In

fai r ly  direct fashion the article “the ” is assigned as the

determiner for the NP , and the noun “messages ” is assigned as the

HEAD (since there are no numbers , ordinals or superlatives , the

DET is quite simple , and there is no trouble determining the HEAD

- I since there is only one noun fol lowing the D E T ) .  The processing

- - becomes more interesting once the parser attempts to find the

- -  
T - 

P OSTMODS for “messages.” By checking the case frame for “message”

it determines that PPs with preposition “from” can act as

- 

- 
post—modifiers for “message ,” so it begins to search for such a

PP. In searching for the NP following the preposition “ from ” we

see the first use of case frame information to restrict search —

once the HEAD “WOods ” is found , it is noted that this word does

not allow any post—modifiers (in general , the use of a

- 
- 

post—modifier after a proper noun is unlikely, an d in the

- 

mail—system context it is pragmatical ly  impossible).  Thus , even

though there is a well—formed PP immediately after “Woods ,” the
- -  

parser will not even attempt to look for it (or any other

1 post—modifier). Since there are no more cons ti tuents  to search

:.~ i 
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for , the N ! “Woods ” is interpreted by the semantic processor ,

- - giving a representation containing the NOUNTYPE <USER> , and with

the name “Woods ” as the HEAD (th is  in te rpre ta t ion  is produced by

the interpretation function associated with the case frame for the

HEAD “Woods”). Once the NP has been completely processed , the

parser reverts to the PP level and consults the case frame for the

- 
- preposition “from.” Since the result of interpreting the NP is

not a <DATE > or <TIME> expression , the case frame for “from”

indicates that  the PP is completed , and the result is a structure

of the form -

- (PP PREP FROM POBJ [NP NOUNTYPE <USER > HEAD WOODS ]]

S 

(as well as some added structure which is irrelevant to the

I 

current example). Since the PP was found as a result of a PUSH

arc In the NP network which is looking for a POSTMOD for the HEAD
- 

“message ” , this PP is checked to see if it satisfies the CASEFRAM E

for “message” . This is done by passing to the CASEFRA ME processor

the P1’, the CASEKEY FROM (the CASEKE Y is an indication of the

- syntactic/semantic relation between the HEAD and a new phrase — it

may be a -preposition or a relation like TI MEMOD , SUBJECT or

INDIRECT OBJECT), along with  the CASEF R AME for the HEAD . The case

frame for “message ” indicates that a PP whose preposition is FROM

is acceptable if the NOUNTYP E of the preposi t ional  object  ( POB J)
is <USER > , so the PP “from Woods ” is acceptable. The case frame

indicates that the result of adding such a postmodifler to
- 

“message” should be to add to the case slot FILTER the filter

specification (FROM ~user *) where ~user~ is the HEAD of the POBJ ,

- -  - 
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-i 
- in this case Woods. At this point the grammar indicates that

5 5 - another PP may occur as a POSTMOD of “message ” , so the parser

- - searches for another PP. The parser finds the preposition “from”

and then searches for an NP as the POBJ. When no article or

- adjective is found , and the first word is “June ” , whose dictionary

entry indicates that it is a month , the parser enters the special
- 

date section of’ the NP network which parses “June 1~4” as a special - -

S - type of NP w i th  NOUNTYPE <DATE> . While the grammar allows dates -

- to be given without an explicit year , in the HERMES context it is

necessary to know the year. Thus, the cas eframe associated with

S the NOUNTYPE <DATE> has an interpretation function that  checks to

see if an explicit year has been given Ce. g. as in “June 114,

1976”) and if not It computes the most plausible year in the

HERMES context (we assume tnat all dates refer to the past , and

are as recent as possible , so the year is either the current year

- 
- - 

or the previous year , depending  on whether the date has occurred

during the current year). The net result of this process is to

- 
- produce an NP of the form

- (NP NOUNTYPE <DATE> HEAD JUNE DAY 14 YEAR 1976]
- 

-5

which is returned as the POBJ of the preposition “frpm” . The

grammar indicates that if a PP is found with the PREP “from” and 
- 

-

the NOUNTYPE of the POBJ is <DATE> , then it i~ possible for the PP

• 

- 

to have a PP complement of the form “ to <DATE >” , so the parser
uses the PP network to search for such a PP. Once the PREP “to ”
is found , the parser uses the NP network to search for an NP which
can be interpreted as a <DATE> . - - -

— 8 3 —
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In traversing the NP network , the article “the” is found ,

followed by the noun “end” which is taken as a possib le HEAD for

the NP. The caseframe for “end” indicates that it can take a PP

as a POSTMOD , so the parser uses the PP network to search for a

PP. The PREP “of” is found , and then the NP network is used to

search for the POBJ. Since there is no article to start the NP ,

the NP- network guides the parser to save the adjective “last” as a

PREMOD (NP premodifier), and then to find the noun “month” which

is taken as a possible HEAD for the NP t since there is no noun
— 

following it). The CASEFRAME for “month” indicates that there are

- no acce ptable POSTMODS in the HERMES context , so the parser

completes the parsing of the NP by applying the interpretation

funct ion which is given in the CASEFRAME for “month” to the

preliminary NP , yielding:

- - [NP NOUNTYPE MONTH PREMODS ([ADJ HEAD LAST]) HEAD MONTH].

- 

-

. The interpretation function checks through the PREMODS and when It

sees the adjective “last” it computes a representation for the NP
- 

as a specific month , which depends upon when the phrase “last

r month” is typed . If, for example , we assume that the phrase is

typed in June 1976, then the result of the interpretation function

~~~~~ 
is the NP 

-

- -  

[NP NOUNTYPE <MONTHNAME> HEAD MAY YEAR 1976].

- - This NP is returned as the POBJ of the PREP “ of” , and the

resulting PP -

— 8 k — 
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(pp PREP OF POBJ [NP NOUNTYPE <MONTHNAME> HEAD MAY YEAR 1976]]

- 
is passed up as a possible POSTMOD for the HEAD “end” . The

CASEFRAME for “ end” accepts a PP with PREP “ of” and whose POBJ has

NOUNTYPE <MONTHNAME> , and it indicates that  the HEAD of the

current  NP should be changed from “ end” to the HEAD of the POBJ

(in this cas e MAY ), that the slot YEAR should be copied into the

current  NP , and that the slot DAY should be filled with the last

day of the given month (3 1 in the case of M A Y ) .  The net result of

all this is that  the case structure for the phrase “the end of

last month” becomes

(NP NOUNTYPE <DATE> HEAD MAY DAY 31 YEAR 1976]. 
- -

‘
-5

Since this head cannot take any POSTMODS in the HEJI MES context ,
-
~ and after the interpretation function associated with <DATE>

checks and finds there is an explicit YE AR , the case structure is

passed up as the POBJ of the preposition “to ”. The grammar

indicates that such a PP is complete , and the resul t ing structure S

(PP PREP TO POBJ [NP NOUNTYPE <DATE> HEAD MAY DAY 31 YEAR 1976]]

is popped and taken as the PP complement of the prepostion “from ”
whose POBJ was seen previously to be “June 114”. The grammar notes

that this is a special PP whose POBJ is a <DATE> and produces the

interpretation

li (TIMEMOD RELATIONS - -.

i t i  - -
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( ( P P  PREP AFTER

- - (NP NOU N TYPE <DATE > HEAD MAY DAY 1 YEAR 1976]]

[PP PREP BEFORE

(N P NO UN T~ PE <DATE > HEAD JUNE DAY 114 YE A R 1976)]) )

as the result of the push to the PP network from the NP with head

“messa ge ”. The CASEFRANE for the HEAD “message” indicates that it

can acce pt a POSTMOD with CASEKEY TIMEMOD , and causes the filter

((AFTER MAY-1—1976)(BEFORE JUN— 114—1976)) to be 
- 

added to the

S 
- - 

FILTERS slot.

The processing continues with another round of POSTMOD chasing,

but the PP 
-

(PP PREP ON POBJ [NP NOUNTYPE <DESTINATION> HEAD LPT:)]

ends up having a CASEKEY which is not acceptable in the HERMES

- - .. context as a modifier of “message ”. However , popping up to the

• main verb level , the CASEFRAM~ for “print” indicates that the PP
can be accepted as a filler of the slot DESTINATION. This

completes the parsing .

F~- ~

- i t 
—
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SECTION 14 — THE INLAT MON ITOR

Introduction -

In what follows , it is assumed that the reader is familiar

with the general goals and phi lcsophy of the Inlat for the

In te l l igent  Terminal .  It is the purpose of this section to detail

progress made on the Inlat Monitor. —

The job of the moni tor , wi thin  the Inlat framework , is to set

up all necessary interfacing (over AIIPA network) that will allow

the user , talking to an Interlisp job , to be able to interact both

directly and indirect ly  with the BEN — Herme s message system * .( 1)

The monitor must therefore establish the necessary network

connections that enable the Interlisp—to—Hermes communication. It
S 

also must read all characters being transmitted over the network ,

in both directions , and determine what is to be done with those

characters . In particular , the Inlat ’s primary purpose is to

provide tu tor ing  and assistance in the use of Hermes——indicating

that many user inputs  will be addressed to the Inlat itself ( e .g .
- questions about how to use some feature  of Hermes ) ,  and will S

henceforth be referred to as ‘Inlat commands. ’ But the user must

also be able to engage in a direct dialogue with Hermes. Thus,
-
--5

on the user side of the network , the monitor must essentially be

able to dis t inguish three  d i f f e r e n t  types of i npu t :  1) an Inlat S

command , to be passed to the Inlat  parser , etc.  for processing ;

(1) *The In la t  is being designed for use with many diverse
systems , but currently our prototype is concentrating only on
Hermes.

- — 8 7 —
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- 
2) a Hermes command to be passed directly to Hermes to act upon ;

- and 3) the middle ground , viz, an intended Hermes command that is

- syntactically or semantically invalid and cannot be acted on by

Hermes. - -

- 

On the other side of the Network are the Hermes (and Tenex)

responses. These include such things as echoes and file

— confi;mation requests , which must  be gobbled up by the moni tor ;  a

response to a user in i t ia t ive which must be displayed on the
- user ’s terminal ;  responses to Inlat ini t ia t ives, which must  be

returned to the requesting module but not be displayed on the

console; questions that  Hermes wishes to ask of the user (e .g .

- DELETE MESSAGES AFTER FILING?) which must be displayed and the
S 

user then put in touch with Hermes to give the appropriate  answer;

and so on and so forth. S

The discussion above describes the essential mode of
- 

operation that the monitor must establish and the type of

recognition abilities that it must possess for correct handling of

S 
~~~~~~~~~ the various pieces of dialogue that are expected to occur during

an Inlat session. This is accomplished primarily by the monitor
~~~~1

S 
- containing a full Hermes parser and simulator which enables it to

1 decide whether or not a user input is intended as a Hermes or an
- 
.
- Inlat command , and if it is a Hermes command , whether  or not it

- will be accepted by Hermes.  It should be noted that wherever 
-

- 

possible , the monitor will actually correct an incorrect Hermes

command (see Error Cor rec t ion) .  The Hermes s imulator  allows the

monitor to catch (and often correct) semantic errors , since at all

- 
- 

- times it has a perfect model of the Hermes environment.
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S The monitor also is keeping detailed history lists of each

significant interaction the user initiates , thereby enabling a

very useful and dynamic sort of assistance in regard to mailbox

h~indling (as well as maintaining a good profile for enhancing the

appropriateness of Inlat responses with respect to questions about

Hermes). In the following subsections we will describe the

various capabilities of the monitor , indicating the features tha t

ultimately will be made available in the Intelligent Terminal .

Hermes Simulz~tion

S The mode of operation of the Inlat is that the user types in

- 
commands which are delegated either to Hermes or the NLF parser .

In the event that the user is Intending to address the command

directly to Hermes , the Inlat monitor that is reading the input

and making the decision about ~‘hat to do with it , must respond to

the user exactly as Hermes would , thus giving the appearance of
- - 

direct communication with Hermes. In order to mimic Hermes

- .  
responses , the Inlat must possess a complete parser for the dermes

-~~ command language. Obviously, this parser is also necessary for
- making the decision as to whether or not the input should be

t
passed to Hermes.  There are several reasons why the monitor  must

-be able to parse Hermes commands. First , as stated above , the

monitor must  be able to recognize Hermes commands , and to mimic

Hermes responses (word completions and prompts). An alternative

mode of operation , viz, placing the user in direct communication

with Hermes via the ARPAnet , was tr ied and prove d to be
infeasible. This was because of the very lengthy transmission

delays making echoing (and recognition/prompting) absurdly slow.

~~~~~ 
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We have to use the ARPAnet for Inter lisp to Hermes communication

because of the design constraint that the Inlat must run on the

PDP— 11 and Hermes on Tenex.

Because the Inlat must be able to aid and advise the user in

regard to difficulties he might be having in the use of Hermes , it

- . is essential that the Inlat know the current state of Hermes and

the mailbox , as well as how that state was arrived at , i.e. the

history. Clearly this can only be done if the Inlat can monitor

the session in the sense of overseeing the various t ransact ions

and interchanges that take place. This means being able to parse

the utterances issued in both directions of the dialogue .

Finally, since one of the primary objectives of the Inlat is

- 

- 

to provide an ins t ruct ional  f ac i l i ty ,  the abil i ty to understand

the commands that a student ha~ Issued is crucial in being able to

evaluate a s tuden t’ s performance on some task , both for simple

-
- scoring and critiquing .

-
- 

With these goals in mind , the Inlat monitor has incorporated

into it a full parser for the Hermes command language . In as much

as many Hermes commands and command fields .~

are passed to Tenex to read ( e . g . ,  f i le names , u t i l i ty  commands

such as DIRECTORY , .JOBSTAT , DAYTI ME, etc.), this means also

simulating certain portions of the Tenex EXEC. (One advantage of

this Tenex simulation is the ability to do spelling correction on

file names.)

Aside from the fundamental necessity of the simulation for

the required mode of operation of the Inlat , the Herm es simulation

is essen tial for one of our primar y researc h goals , viz.,

— 9 0 —  
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modeling. 
- 

There are three models that must be constructed and

maintained in order for the Inlat to exhibit ‘intelligent’

behavior in the context of the scenario for which it is being

designed. These models are : 1) Hermes; 2) the user; and 3) the

environment.

By being able to parse all Hermes commands , the system is

able to know exactly what action Hermes is going to take at all

times. This simulation constitutes , in fact , the Hermes model.

More imp o r t a n t l y ,  it provides also for the third model , the

env i ronmen t .  Being able to model Hermes implies being able to

model the environment , since at all times we know its state and

how it is being acted upon .

Hermes maintains (several) user profiles containing

idiosyncratic informat ion  about each user ’s mode of operat ion ,

etc . The Inlat also maintains a user profile (which will be the

‘user m o d e l ’) .  Eventual ly  we in tend  that  the Hermes profIles will

be contained within  the Inlat p rof i le .  Presen t ly ,  those parts of

the Hermes profile that are essential to the operat ion of the

- - Inlat (certain pre—defined templates and f i l t e rs, switch sz~t t ings ,

e t c .)  are - obtained from Hermes during in i t ia l iza t ion.  As the

monitor  is parsing a Hermes command , it performs a ‘ semantic pass ’

that updates various state variables in its model of the

environment. This , of course , is how so—called ‘seman tic err ors ,’

alluded to earlier , are detected. Eventually, this state model

will prove most useful in answering user questions about why

something ‘strange and unexpected ’ occurred , or in student

evaluation and critiquing .

-“. — 9 1 —
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Error Correction and !TERMES Extensions

Perhaps the most fundamental precept of the Inlat is the

notion of a co—operative , friendly system , free of’ the rigidity

and unforgiving nature that has traditionally characterized

computer systems. At one extreme , the Inlat allows the user to

phrase Hermes commands very freely. E.g.
V 

“SHOW ME THE LAST THREE MESSAGES THAT WALKER SENT ME

YESTERDAY”

which the Inlat NLF parser will translate into the appropriate

Hermes commands for the user. However , it is often the case that

V the user is trying to type in a valid Hermes command——one that

should require no translation——but , being human, he makes an

error.

In the spirit of DWIM* ,(1) the Inlat monitor , while

performing its simulation of the Hermes parse , makes certain
V 

efforts to see that minor syntactic errors are corrected

V automatically. In Hermes , this often proves to be quite simple ,

since it is so rare that the input is ambiguous . Since the Hermes

syntax is so simple and straight forward , about the only real

syntactic confusion for the user that is found is specifying
~

‘sequenc es ’ or Hermes message lists. The goal throughout has been

to make Hermes a more ‘friendly t system , i.e. one that is

forgiving and instead of just telling you that you did something

wrong, does its best to make sense out of what was said.

(1) * DWIM (&Do &What &I &Mean), Teitelman , 1969. This is the
crucial error correction Package in Interlisp. V
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There is within the Inlat a natural language front—end (NLF).

In the event that an intended Hermes command contains an error

that for any reason the monitor is unable to fix , because of

ambiguity or whatever , the NLF will be able to make an attempt at

understanding the command , or perhaps questioning the user to

reconcile difficulties. Thus, the error—correction burden of the

monitor is clearly limited: those things which can be easily

handled are corrected rather than calling a high—powered (and

sluggish) general parser. Thus , the monitor does what it can do

easily and Is not concerned that other seemingly simple

corrections go uncorrected. They are , of course , detected.

In accordance witI~ the objectives as described earlier , we

reiterate that as the monitor is reading a user input , it is

simultaneously trying to recognize it as: a) a correct Hermes

command ; b) an intended Hermes command which is syntactically (or

semantically) invalid; c) an English—like utterance (Inlat

command). Furthermore , since in the event that the input is of

type (a) or (b) the monitor must be able to mimic Hermes (and

Tenex) with respect to recognition and completion of various words

~~‘:, : 
j  

and prompts, the input must be processed character by character

and decisions made long before the input is complete. There Is no
.~~~~~.i  I

possibility of look—ahead!

Correcting errors in message sequences:

The most visible assistance offered by the monitor is found

in typing Hermes sequences , or message—lists (messages to be

printed , filed , deleted , surveyed , etc.). While the syntax of 

-—- --- ...- _ _ . _
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1- sequences is relatively simple , many people find it unnatural to

use and very difficult to communicate (teach). In the Inlat , most

of the problems with sequence specifications have been done away

with.

While se quences as such in Hermes , are already fairly

powerful devices , they have been made even more powerful in the

Iniat by the addition of several new concepts , and great

simplification of use. To begin with , there is almost no syntax .

Commas, colons , semi—colons , slashes , blanks , are almost

- 
- 

- interchangeable (except , of course , where the user wishes to

override the Inlat default). For example one can type:

PRINT 1 3 LAST FILTER 3—LAST AFTER FRIDAY FROM JIM 1— 10 UNSEEN:

I I I I I I I I I I I I
I I I I I  I I I I I I I

which would be translated into:

PRINT 1,3,%/FILTER ,3 %/AFTER 21-.MAY—76/FROM JIM ,1 10/UNSEEN

F; , 
-

- 
— 9 k —  -
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The vertical bars indicate places where Hermes would fail. Note

that the Inlat command has, aside from blanks , only two break

characters (the dashes) and even those are somewhat arbitrary.

The Hermes line , on the other hand , has 10 mandatory punctuation

characters besides blanks. We should note here that one is, of

course , free to use as much punctuation as one wishes, and that ,

above.~. all , the Inlat must accept anything that Hermes will.

Implied Sequences:

An important new feature is -what we call the ‘implied

sequence. ’ It is often the case that one wants to specify “the

- 
last 3 messages from X” or the ~first message from Y” or the

- 
-
~ “first message on Tuesday ” , etc . While this sort of thing is

surely possible to do in Hermes , it cannot be done directly with a

single command , but requires creating a sequence , perhaps sorting
- - 

it, listing (SURVEYing) it , and manually reading off the desired

message numbers . The Inlat provides the capability of’ referring to

this ‘implied’ sequence rather than having to crea te it and

examine the survey of it. While this , too , is essentially

4 - -  syntax—free , we have introduced the back—slash (_\) as a new

punctuation character that specifies the creation of an ‘implied

-se quence. ’ For example , to refer to the first message on Monday ,
- 

: : - ~ one can simply state

a) 1 . \ on Monday (or 1 on Monday)

The last 3 messages from Walker can be specified:*

95 
.
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(1)

b) %—2:last _\ from Wa lker -

(or other variations if’ one doesn ’t like the per—cent sign , etc.)

Soon one will be able to say things such as:

LAST 3 (messages) FROM JONES

One might have noticed that in example (b) we - have used ‘— ‘

as an arithmetic operator. One can use ‘+ ‘ or ‘—~~ in sequences as

operators. Thus one can say :

c) PRINT .:.+5 .

PRINT LAST — 14

and so on. It is intended that soon we will be able to allow the

user to give names to messages (and anything else that one might

want to name) and these names , where they evaluate to numbers , can

be used in arithmetic expressions.

The careful reader might have noticed that we are already

using ‘— ‘ in place of the colon for ‘ran ge ’ specifications. A

little thought , however , will show that it is not ambiguous which

use of ‘— ‘ is intended (especially if’ an expression has only 1

operator in it). There are however potential ambiguities with the

use of these operators for multiple purposes (see further use of

‘+ ‘ below). For example , (b) could also have been written as

(1)
•To clarify the distinction between slash and
back—slash , note that
in Hermes “%— 2—%/FROM : WALKER” (assuming Hermes allowed arithmetic
operators) would mean : “from among the last 3 messages in themailbox , select those that are from Walker ,” 

-

while the Inlat phrase “%— 2—%_ \FROM : WALKER ” mea ns: “from amongall the messa ges from Wa lker , select the last 3.”

— 9 6 —
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“%—2—%_\Walker” , or (c) written as “PRINT#.— .+5” . Here we must

restate our objective . In the spirit of DWIM , the Inlat makes its

best guess. Lacking sufficient unambiguous syntax , it strives to

make that guess ‘reasonable ’; we certainly can never guarantee

that it will be right. If that guess seems obvious , it will just

go on; if it is at all questionable it will type out its

interpretation in parentheses; if it seems genuinely ambiguous

- 

- 

will inform the user and suggest his restating it in English so

that it might be handled by the NLF . The parser and corrector

never ask questions , though. When there is possible confusion , the

- - interpretation is typed so that the user can back over it (using

Q, j~, j~, or <DEL>) if it is not what was intended.

Filter disjunction

Another new feature is the ability to OR filters together. In

Hermes , when filters are strung together , e g

*/FILT 3/FILT2/ . . .  /FILTn
the Interpretation is the conjunction of the n filters. There is

no direct way of forming the disjunction of several filters. The

Inlat provides this feature with the ‘+ ‘ operator. To specify the
-

disjunction of several filters , one types:

.. .../FILTI + FILT2 + ... + FILTn
-

- 

— (the blanks , of course , are optional). In the event that the back

slash is used , then the resulting disjunction of filters is sorted

by message number , so that e.g.

SURVEY 1-10_\FROM WALKER + FROM GEORGE

will take the first 10 messages of the merged sequences:

— 9 7 -
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‘/FR OM WALKER and */FROM GEORGE

Besides greatly alleviatin g the syntax of sequences , the way

that one specifies a date has been considerably improved . It is ,

again , very much free format and noise words may be generously

interspersed. Below are a series of examples of date

specifications and their interpretations. Since many of these

dates are relative , we will assume that ‘today ’ is Tuesday, 25 May

1976* .

(1)

User Input Inlat Interpretation **
(2) - -

on last Saturday */ON 22—MAY—7 6
since Thurs */AFTER 20—MAY—76
in Jan */AFTER 31—DEC—75 /BEFORE 1—FEB—7 6
during Mar ‘/AFTER 29—FEB—7 6/BEFORE 1—APR—7 6 —

since the 3rd */AFTER 3—MAY—7 6
•.  since the 28th */AFTER 28—APR—7 6

during July of 75 */AFTER 30— JUN—75 /BEFORE 1—AUG—75
on Friday the 13th */ON 13—FEB—7 6
on Sat , May 13th */ON 15—MAY—7 6 (lets user know that

4 13th fell on Thurs but day
- of week overrides date)

before 5— 15 - 

~/BEF0RE 15—MAY—76
before 15—5 ‘/BEFORE 15—MAY—76
on Feb 30, 1976 i/ON 29—FEB—7 6 (lets user know that

there were only 29 days
in month)

on May 15th , 1976 */ON 15—MAY—76
since Oct */AFTER 31—OCT—75
before Mar */BEFO RE 1—MAR—7 6
last week */AFTER 15—MAY—7 6/BEFORE 23—MAY—7 6

(1) * Hermes , in the latest release , now also defaults the
“~~ / “  when only a filter appears.
(2) ** Actually , Hermes defines AFTER to mean “ON or AFTER” ,
so that all of the AFTER dates shown here would really be
of’ f’ by one day. 

-

-98 -

_ _ _  -- - - -- . -



Displaying

One other extension to the Hermes command language is

worthy of’ mention here. We have added a command called

DISPLAY , which can be used to examine specific header fields

of messages conveniently. In Hermes one often wishes to

• look at one specific field of a message . This can be done .;

of course , but it requires creating a special template. For

example , to examine the ‘classification ’ field of message

314, one would have to issue the following Hermes commands:
— 

>CREATE TEMPLATE CLASS
> > L I N E — I N S E R T
CLASSIFICATION+

z
>>DONE
->PRINT 314 CLASS

The DISPLAY command makes this template unnecessary.

The syntax of the command is

DISPLAY <message> <fields>

where message defaults to CMESSAGE , and field defaults to

SUBJECT:. Several fields may be specified by seperating

them by blanks and/or commas. Thus to see the CLASSIFICATION

of message 314 , in the Inlat one would type:

DISPLAY (messages) 314 (fields) CLASSIFICATIONe.

~ • 1 -
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Archive and Uistory Facilit4.~~

Since it is Intended that the Inlat will be available

to each individual user over an extended period of time , we

would very much like to take full advantage of the clerical

abilities of the computer and have the Inlat utilize them in

a highly personal manner. We are endeavoring to accomplish

this_ personalization by capitalizing on the perfect memory

available to us. The primary tools for this

personalization are the history lists that record all user

Interactions , and the archive file which the user can view

(if indeed he/she is even aware of its existence) as an

- - infinite waste basket.

The purpose of the history list is twofold: 1) it
- I allows the Inlat to be of’ dynamic assistance in the handl ing

of the mailbox , and 2) it garners personal information about

H -
~
. 

- the user , such as his/her background , level of

1. sophistication , types of errors commonly committed ,

Idiosyncracies , etc. This second purpose , while extremely

important to us , must currently be deferred. This aspect

will require a good deal of thought and development of

- heuristics appropriate to abstracting “between the line”

information contained in dialogues.

- - ‘I Dynamic assistance is accomplished chiefly in ~wo

obvious ways:

a) independence from deletion (all messages that were ever

sent or received are archived), and 
-
-
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-: - b) by remembering actions performed with received messages ,

and messages sent out inadvertently without keeping a

copy for the sender. This enables , for example , the

handling of requests such as

Where did I file the message from Craig about

• “Intelligent Terminals ”?

• Did Craig receive a copy of the message I sent to

- Walker about “Intelligent Terminals”

A third , very Important form of assistance is a little

more subtle. Scanning a history list often stimulates

recall by promoting associations. Long forgotten , implicit

facts are frequently revived in one ’s mind by a

chronological sequence of events of which one was the agent.

The archive file Is a Hermes readable mailbox that

• 
-~, contains every message ever referenced during an Inlat

session , as well as copies of drafts of all messages ever

composed by the user. Since the user will never operate on

the archive mailbox himself (most likely will not even be

aware of -it——except for its massive size In his/her

~- dIrectory), nothing will ever be deleted from it , and hence

each message In it can be given a unique message number that

‘1 will never change (as opposed to the message numbers in

normal mailboxes , which change all the time and cannot be

used for identification between sessions). It is this unique

number , henceforth called the ‘archive number ,’ that is used

I to identify each message in the history list.

:..
.
-
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The history list Is modeled somewhat after the

Interlisp history list. When an operation is performed ,

relevant Information about the operation is saved allowing

the history list to be inspected , commands performed via a

‘REDO’ facility, and also , at least in principle , the

ability to ‘UNDO’ something. Since the history list

perp~etuates indefinitely, there will be a certain problem

with maintaining and searching it. It Is expected that

Interlisp— 11 will have the ability to swap lists from files.

In the meantIme , the list is just a normal Lisp list.

The principal advantage of the history list , as of this

writing , is the ability to loo1~ back to see what was done .

The general format of a history list entry is indicated

below . The list items are:
-

- 

_

; - - 
1] The command (or line) number

2) The command name (PRINT , FILE , SEND , etc.)

3] The date of the command

14] The command arguments (TEMPLATE , SEQUENCE , etc.)

5] List of archive numbers of’ messages. referenced

in- the command , or subcommand tree

- 
~~~~~ 6] List of message numbers w.r.t. current mailbox

7] Input line exactly as typed by user

The subcommand tree in [5] denotes a secondary history list

representing the subcomrnands involved in certain top—level

commands such as COMPOSE , CREATE , EDIT , etc. The history

list can be viewed as a chain of trees: each tree represents

— 102 - -
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a single top level command; the root of each tree is on the

chain In sequential chronological order; the tree growing

off of each root then represents all interactions and

subtaska and subgoals used to accomplish the task initiated

at the root ([2]). This corresponds to the subcommand

structure within Hermes itself. It should be noted that

there are several other ‘history ’ lists maintained , one of

which records Hermes (or Tutor) responses to initiatives on

this primary history list.

Currently, a set of primitives exist for searching the

history list. Before describing these primitives one other

data table that is maintained should be mentioned . This is

the ‘message table. ’ It contains virtually all the

information contained in a message except for the actual

text of the message , I.e. all of the message header fields.
- . ~

. This table is in one to one correspondence with the archive

file. The archive numbers that reference the archive file

— 
- . also reference this table. As with the history list, this

- ‘ 
- . table is currently maintained in core , -, but for an

operational system a swapping mechanism will be necessary

due to its expected size.

As stated , the message table is an ordered list of —

messages , the order being exactly the same as that in the

archive file. Each entry is a list , the first element of

which is the MESSAGE—ID of’ the message*.(1) The remainder

(1) *The Message—Id field of a message is really the only
way to ‘name ’ a message , or refer to it uniquely within the

— 103 -
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-
. of the lIst has the exact same format as a Lisp property

list , with the ‘pro perties ’ being the header fields of the

message , and the property ‘values ’ being strings that are

the respective values of the various fields in the message.

The MESSAGE—ID field of a message is the only way

within Hermes of ‘naming ’ a message . Accordingly, it is the

— 
- key used for archiving and referencing all messages.

Whenever a message is referenced its MESSAGE—ID is obtained

(from Hermes) and that is saved as a- single Lisp atom which

is then hashed to find out whether or not it has been

archived. If not , it is archived and an entry in the message

- table made. As indicated above , the message table entry

contains virtually all the information about a message ,

except the actual text. Thus, to find out about a message ,

or back—reference on a message , only the message table need

be consulted; to actually retrieve the text of the message ,

It may be necessary to unarchive It.

For example , to deal with the Inlat command

“WHERE DID I FILE THAT MESSAGE FROM AIGHES ABOUT

QQSV?”

it would be necessary to search back through the history

list to pull out the FILE commands; then using item [5] in

the history list entries , searching until a message Is found
i

t t- 1~ normal mailbox. At present , we have determined empirically
t 

- 
that between 1/3 and 1/2 of all incoming messages contain a• Message—Id field. The Hermes people have indicated to us

- 
-
. that at a future date they will automatically add Message—Id

- 

fields to all incoming messages that do not have this field.

H 
_ 
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- -  
whose propert y ‘FROM :’ is ‘AIGHES S ’ Then item (4 ]  of that

H histor y entry will contain the answ er to the original
— question.

- 
On the other hand , an Inlat command such as

“I WANT TO FORWARD THA T MESSAGE FROM BROWN ABOUT

THE CAl CONFERENCE LAST MARCH TO SIGCAI”

- - 
would require the same sort of history lookup , but then

~~~~ 

would also require that the specified message be unarchived

-~~ (assuming it has been deleted).
- 

- 
I 

The primitives that currently exist have to do with

- isolating a portion of the history list to be searched (by
- specifying inclusive dates and/or commands of interest), and

- 

the obvious routines for pulling off specific fields in the

1 commands. Since the message table entries are esssentially

normal Lisp property lists, they can be searched in the

obvious way.

- T~-
~
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APPENDIX

Below a sample session with the Inlat Is reproduced.

Inasmuch as the monitor has not yet been linked up to the

NLF , everything shown was handled only by the monitor and

- Hermes. This is an actual typescript , slightly edited for

readability. Everything in lower—case was printed by the

- 

- 

system ; the upper case characters were printed by either the

system or the user. At the conclusion of the session there

are some top level Lisp function calls that illustrate some

of the ‘history ’ primitives available.

In the Inlat typescript , each command lIne begins with

a line number (that indexes the entries of the history list)

I 
followed by the Inlat prompt character which is the

- 
- back—slash.

F

- ‘-~: ~

-
‘

1.
--
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Typescr ipt

314 INLAT(T]

Hermes/Inlat >>>> Preliminary version 0.0.2 (1—Jun—7 6 8:53PM)

Please be patient a moment while I start—up
Hermes over the Net and initialize

HERMES 2.6.5 1—Jul—76
BBN’ rs! Check NEWS for vital information about CHECK—LOCAL !
Version 2.6 5, 7/13/76 -

OK. Thanks for waiting. -

• 
- 89 \ D Ay t i r n e

Saturday, July 31 , 1976 11:32:30—EDT

90_\Survey (messages) SInce TUEsday

56 27 Jul 1976 21141~ EDT To: RUSTY- 511
• 57 28 Jul 1976 16147—EDT AIGHES at BBN—TENEXE 1599

58 28 Jul 1976 2322—EDT FRENCH at BBN— TENEXA 10214
59 29 Jul 1976 1505—EDT BROW N at BBN—TENEXE 2914

- 

- I 91_\Survey (messages) ~-3-% \FRom : BROWN + FRom : GRIGNETTI

38 13 May 1976 1135—EDT GRIGNETTI at BBN—TENEXA 60J4
‘49 12 Jul 1976 10’lô—EDT GRIGt1ETTI at BBN—TENEXE 1229
53 19 DEC 1975 11455—EST GRIGNETTI at BBN—TENEXA 1139
59 29 Jul 1976 1505—EDT BROW N at BBN—TENEXE 2914

92 \Survey (messages) LAST FROM FRENCH

58 28 Jul 1976 2322—EDT FRENCH at BEN—TENEXA 10214
93_\STatus 

- 

-

— 59 messages in file <ASH>MSG .TXT;1 ; 1 unseen ; 0 deleted .

9’l \Print (messages) 1-14 \ FRom : GRIGNETTI (template) Ptempl~ te
- (to file) MARIO.MSG TNew file]

95 \Survey (messages) LAST FROM BROWN

59 29 Jul 1976 1505—EDT BROWN at BBN—TENEXE 2914

96 \DlSplay (message) 59 (fields) SUbject: ,CLAssificatjon: ,DAte:

— 107 — - 
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Typescript

-: Subject: A Sample message
Classification: null field.
Date: 29 Jul 1976 1505—EDT
97_\Print (messa&es) 59 (template) FULL—listing (to file)

Message 59; 29~4 charsMail  f r om ~B N — T E N E X E  r cv d  at 2 9 — J u l — 7 6  1505 — EDT
Date :  29 J u l  1976 1505—EDT
Sender :  BROWN a t  B D N — T E U E X E
S u bj e c t :  A Sample  message
From : DRO WN a t  B R N — T E N E X E
To: ASH
Message—ID: <[BBN—TENEXE]29—Jul—7 6 15:05:141 .BROWN>
Hi

• This is just a sample message. -

Bye
John

L.

98 \DISplay (message) 59 (fields) SENder:

Sender: BROW N at BBN—TENEXE

99_\Survey (messages) ON WEDnesday , FEB 17TH(:18—FEB—76)

100 \Survey (messages) ON fliES, FEB 16TH(~ 17—FEB—76)

17 17 FEB 1976 1 0 03 — E S T  R U B I N S T E I N  a t  B B N —TENEXD 8214
18 17 FEB 1976 100 3—ES T R U B I N S T E I N  at  BBN—TENEXD 886

1O 1 _ \DISp lay  (message)  18 (fields) SUbject: ,CLA SI (=CLASSIFICATICN :)
4 ~

_•w
Subject: Quote of the Week

- 

F Classification: nul l field.

102_\Survey (messages) FROM MOOERS IN JANuary

9 22  J A N  1 9 7 6  09 117— E S T  M O O E R S  at BBN—TENEXA 859
10 22 JAN 1976 1239—EST MOOERS at BBN— TENEXA 5814

• 
- 103_\DISplay (message) 10 (fields) SUBject:

[ Subject: (((Describe command)))
1_
~• )- L

1014 \QUIT
•*~ Resetting . Please wait for logout ...

— 108 —
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Below are some of the primitive functions shown as input to

EVALQT . It is generally self—explanatory, but we will now give

brief descriptions of the functions displayed.

HISTDATE [date (s)] returns a portion of the history list specified
by the  da tes .

W H E N N [ l i n e n u m b e r )  r e t u r n s  the  d a t e  of’ a command .

H I S T G E T [l in e r i u rnber ]  r e t u r n s  a single entry in the history list.

• 
- GETMSGS [arg ]  r e t u r n s  a l i s t  of a r c h i v e  n u m b e r s :  if i t s  a r g u m e n t  is

a l i n e  n u m b e r , t h e n  i t  is the a rch i v e  n u m b e r s  of messages
referenced by that command line; if  i t s  a r g u m e n t  is a command , it
sea rches  t h r o u g h  (a  speci f i ed  po r t i on  o f)  the h i s t o r y  l i s t  and
returns all messages that have been arguments to that command.

- 

- E.g. line _1156 , below , returns all messages that have been
DELETEd .

I T E M S E a r g ]  is l i k e  GETMSG S , b u t  i n s t ead  of returning the archive
numb ers , it returns a list of message table en t r i e s .

GTMSG [archivenumber] returns a single message table entry.
- 

GETFIELD [archivenurnber;field] returns a specific property of a
- message table entry.

GTMSGID [archivenumber] returns the Message—Id of an archived —

- - 
message.

‘

There are va r ious  o ther  p r im i t v e s  a va i l a b l e , but  these are

the ones most eas i ly  i l l u s t r a t ed  by ca l l s  to EVALQT . Also , the

• ~ values returned illustrate the physical lists maintained as

history list entries and message table entries. -

- 1 1 0 - 
.
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113 HISTDATE(TODAY]
( (T ~ 2 S U R V E Y  11269627725 (
*/FROM :~ MOOERS/AFTER% 3 1—DEC—75 /BEFORE% 1—FEB—76 TTY:) NIL NIL- 

(“Survey FROM MO O ER S I N J A N U A R Y
“)) (100 SURVEY 112696271425 (*/ON% 17— FEB—76 TTY:) NIL NIL C

“Survey ON TUES , FEB 16TH
- “)) (99 SURVEY 1126~ 627395 (*/ON~ 1 8—FEB—7 6 TTY:) NIL NIL (

“Survey ON W E D N E S D A Y  , FEB 17TH - -

“)) (100 SURVEY 11269627205 ( * / AF T E r ~% 3 0 — J U N — 3 1  T T Y : )  N I L  NIL  (
“Survey SINCE JUU 31
“)) (99 SURVEY 11269627131 (*/BEFORE% 1— FEB—3 1/FROM:% GRIGNETTI

• T T Y : )  N I-L I - Il L ( “ S u r v e y  BEFORE F E B R U A R Y  31 FROM : G R I GN E T T I
“)) (97 P R I N T  1126962 70 09 (59 F U L L — L I S T I N G  T T Y : )  ( 1 1 4 )  ( 5 9 )  (

“Print 59 F U L L — L I S T I N G
“fl (95 S U R V E Y  11269626 93 11 (59 T T Y : )  N I L  N I L  ( “ S u r v e y  LAST FROM BROW N
“)) ( 9 14  PRINT 11269626882 (1 ,14,7,20 PTEMPLATE MARIO.MSG ) (17 1 3

- • 18) (20 7 4 1) ( “ P r i n t  1—14 \ FROM : G R I G N E T T I  PTE M PLATE M A R I O . M S G
H “)) (92 SURVEY 11269626617 T58 TTY:) N I L  NIL  ( “ S u r v e y  LAST FROM FRENCH

“)) (91 SURVEY 11269626589 (38 ,149,53 ,59 TTY:) N I L  NIL (
“Survey % % — 3 — % %  \FROM : BROWN + F ROM : G R I G N E T T I
“)) (90 SURVEY T1269626537 (~~/AFTER% 27—JUL—76 TTY:) NIL NIL  C
“ Survey  S I N C E  TUESDAY
“)) (88 PRINT 11269615268 (59 FULL—LISTING TTY:) (111 ) (59)  C

- “Print 59 FULL—LISTING
“)) (86 SURVEY 11269615135 (*/AFTER% 28—JUL—76 TTY:) NIL NIL C
“Survey SINCE WEDNESDAY

r~
Hi

1411 W H E N N ( 1 0 2 ]
• • -  “S~ E u r d a y ,  Ju l y  31 , 1976 11 :52 : 145—EDT ”

‘45 W H E N N ( 8 6 ]
“S~Tur d a y ,  J u l y  31 , 1976 0 8 : 2 2 : 5 5 — E D T ”  -

I.- •

~~~~~~~ E
p - -
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116 (PRINTDEF (HISTDATE “30—JUL—7 6”) 5]
— 

((814 S URVEY 1126937~l7 140 ( 1 4 9 , 5 3 ,59 TTY :)
NIL NIL ( “ S u r v e y  %%—2—%%_ \FROM BROWN + FROM G R I G N E T T I

‘ I))

(83 SURVEY 1126937 14571 (*/AFTER% 28—JUL—7 6 TTY:)
N I L  N I L  ( “ 5  S I N C E  WED

I, ) )
(81 SURVEY 112693714343 (*/AFTER% 29—FEB—76/BEFORE% 1—APR—7 6

T T Y : )
N I L  N I L  ( “ S u r v e y  D U R I N G  M A R C H

‘0)
(80 SURVEY 112693714222 (214 ,35 ,38 ,149 ,53 TTY:)
NIL NIL (“S %%—4-%% _\ FRIM GRIGN E

(78  PRINT 1126937 14017 (59 FULL—LISTING TTY:)
- 

• 
( 1 14 )
( 5 9)
(“P r i n t  LAST FROM BROWN FULL—

‘O fiNIL

47 HISTGET(97]
(9Y P R I N T  11269627009 (59 FULL—LISTING T T Y : )  ( 1 1 4 )  ( 5 9 )  (

- 
• “P r i n t  59 FULL—LISTING

LL ‘0)

~ II 148 GETMSGS(97]
(11~T

1 - ~•0

149 HISTGET(94] -

(9~i P R IN T  11269626882 (1 ,14,7,20 PTEMPLATE MARIO.MSG ) (17 1 3 1 8 )
(20 7 ‘4 1) (“Print 1— 4 \ FROM : GRIGNETTI PTEMPLATE MARIO.MSG

50 GETMSGS (914]
(i~fli 3 1 8)

51 WHE NN ( 9 1 1 ]
“Saturday, July 31 , 1976 11:38:142—EDT”

-
. — 112 —
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- • I ~. Typescript

52 ITEMS(971
((~T [BBN—TENEXE~ )29—Jul—7 6% 15:05:141. B R O W N >  COU N T 2 9 14 DAT E:
“29 Jul 1976 1505—EDT” FROM : “BROWN at B B N — T E N E X E ”  TO: “ASH ” SUBJECT:
“A Sample message ” SENDER: “BROWN at BBN—TENEXE” ))

53 G E T M S G S( 9 7 )
(lilY

51$ GTMSG(1-’4)
- : (<~ TB BN —T E ~~EXE ~~) 2 9 — J u l — 7 6 ~ 15: 05:-’41.F3ROWN> COUNT 2914 DATE:

“29 Ju l  1976 1505—EDT ” FROM : “ B R O W N  a t  B B N — T E N E X E ”  TO: “ASH ” SUBJECT :
-
• “A Sample message ” S E N D E R :  “BROW N a t  B B N — T E N E X E ” )

F • 

-

55 G T M S G I D ( 1 - ~4]
<% ‘[~~B N — T E N E X E % J 2 9 — J u 1 — 7 6 %  15:05: -LI1.BROWN>

56 G E T M S G S ( D E L E T E J
(7~~~~ 14 5 6 )

- 
- 57 GETFIELD(7 SUBJECT:]

“GARBAGE ”

59 GTMSG(7] -

( < r r B B N — T E N E X E % ] 1 4 — J u l — 7 6 %  0 9 : - 4 6 : O 5 . A S H )  COUNT 51 DATE:
“1-4 Jul 1976 09 14 6— EDT ” FROM : “ASH a t  BBN—TENEXE” TO: “ASH “ SUBJEC T :
“GARBAGE ” SENDER: “ASH at BBN—TENEXE”)

- 
60_DRIBBLE)

—

..

)

- 
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