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community.
was ripe to consider revising ML in the light
of several years of experience with both ML and Hope, and he wrote a first draft of a propo-
gal for the new version. Intensive discussions of the draft ensued, leading to several revised
drafts which ultimately converged to the Proposal included in this issue.

Although the new verion of ML is alled “Standard ML”, it is far more than a
tidying-up of an old version. Neither is it simply an amalgamation of the ariginal LCF/ML
version with Luca Cardelli's variant. It is a carefully done reponsideration of the language
starting from basic principles. It is also an attempt to unify divergent developments, 8o that
the ML user community can avaid fragmentation and enjoy the advantages of a common
version of the language.

Early in the discussions, it was dedded that more progress could be made by separat-
hgﬁubeaﬂmtdﬁmmhngmge&mpaiphuﬂthoughimpmmtwpiamchum

proposal

mus,moadﬁl:nmdmmrquukedmmpponkmmﬁttdwebpedfmﬂﬂspmmype
version.

We hope that the appearance of these three reports will set off a wide and fruitful dis-
cussion. CQuestions, criticisms and alternative proposals are invited, and we will publish the
mpmmk\qnnmiasultbimymhmﬁutumyv!:wpdmsupossiblebehwd,
but it is also important to stabilize the design soon so that full implementations can be pro-
duced and put to use. We hope to see a final specification by next summer, with complete
implementations available shortly thereafter.

Regarding the implementation of Standard ML, the "ML under Unix" manual describes
an ML implementation which is in the process of being converted to Standard ML. The
manual is supposed to reflect the true state of the implementaticn, and it is therefore not yet
a full Standard ML manual. The major differences concern the failure mechanisms; other
minor differences are described in an Appendix. Moreover the manual describes the proto-
typeUOmdnndmesystenuuenﬁmednbave,wtﬂdtmmtpmddmbasicstmdxd

It is now time to unveil the mystery of the cover picture: it is a detail from the picture
shown in the next page (drawn by Luca Cardelli on a Blit terminal, using Rob Pike’s "twid"
program). The picture shows a "real programmer” walking a tight rope over a "bit jungle”
full of dangers. The woodpecker represents violations of the type system, the balance bar is
weak typechecking, the vultures are debuggers and the flies a7 bugs. Falling (crashing) into
the bit jungle is a terrible experience: snakes and alligators are there ready to chew you to
bits.

Instead, the ML programmer flies a hang glider in a blue sky, dimbing higher and
higher towards clouds of higher types. The bit jungle is invisible; the green forest of abstrac-

tion hides it from view, and guarantees a soft landing in case the programmer had to drift
down.

Luca Cardelli
David MacQueen
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ML Syntax
Pnrase .=
[Exp | SimpleDec! | Module I
“use” String  “menltor™] ©i°

Moduie ;=
“module” ModuleName
[“Includes” {ModuleName}1]
“body” Decl “end".

SimpleExp =
["op~] (ide | Con) |
T {Exp/ "} |
(" {Exp /™M)

Exp !=

SimpleExp |

Exp SimpleExp |

Exp ":" Type |
Exp Ide Exp |
{Exp /12|

“escape” Exp |
"I Exp “then” Exp “else™ Exp |
“while” Exp “do” Exp |
“lst* Dec! “in" Exp "end” |
Exp “where” Decl "end" |
"case” Exp "of” Match |
Exp "7 Exp |

Exp “77" Exp Exp |

Exp "N\" Ide "." Exp.
“tun” Maitch.

SimpleDscl| ::=
“val" ValBind |
“type” TypeBind |
~abstype” TypeBind "with” Dec! “end" |
~export” ExporiList "from™ Decl "end" |
"Import” {ModuleName}1 |
“Intix" {ide}1 | "nonfix™ {ide}1.

Dec! =
SimpleDec! |
Dec! “;" Dec! |
"(" Doct )"

ExportList :i=

{("abstype™ | "type~ | "val") {ide / ","}1}1.

ValBind =
Pat "=" Exp |

["op"] Ide {SimplePat}1 [":" Type)] "=" Exp |
{"op™] e SimplePat [":" Type] "=" Exp/ )2 |

ValBind "and” ValBind |
“rec” ValBind.

TypeBind .=

[Params) Typelde “=" {ide ["of" Type] / “['H |

TypeBind “and” TypeBind |
“rec” TypeBind.

Params =
TypeVar | “("{TypeVar / ","}1 7)".

Syntactic alternatives and infix operators are listed in

order of decreasing precedence.

SimplePat ;1=

['-onl"] lda |

Con !

T {Pat "} T |
(" Pat")".

Pat =
SimplePat |
Con SimplePat |
Pat ":" Type |
SimplePat Con SimplePat |
{Pat/"}2 |

Match ;= {Pat "." Exp / [}

Type :=
TypeVer |
[TypeArgs) Typelde |
{Type / *")2 |
Type "->" Type |
(" Type )"

TypeArgs ::= Type | "(" {Type / ","}1 ")".

Letter == "a" |..|"z" |["A"|..|"2"| "~
Diglt = "0 | .. | "9".

Symbol = |#%&"+~/1<=>7@\""|".
Character = ht |..|et |~ " |.. |

Ide = Letter {Letter | Digit | “*"} | {Symbol}1.
integer ;= {Digit}1.

String ;= """ {Character} """,

Con u= *(" ") | integer | String | Ide.
Typelde ::= Ide.

TypeVar ::= " ide.

ModuleName ::= Ide | String.

Keywords
abstyps and body case do else end export escape from

fun Import If In includes Infix Iet local module nonfix of
op rec then type use val where while with . ? 7?7 7\ =

Operations

{application}L {sub}L {"divmod}L {+ - “}L {: @}R
{=<>><>=<=}R (&R {oro}R ({user-infixj}L
{update :=}R ftrue false not - size extract explode
implode explodeascli implodeascli intotstring stringofint
nil hd t null length map rev fold reviold re!f | array
arrayoflist lowerbound arraysize sub update arraytolist
file save stream channel input output lookahead canin-
put terminal user-nonfix

Constructors
integers strings tuples () true false nil :: ref user-defined

Metasyntax

Strings between quotes * © * are terminals.
Identifiers are non-terminals.
Juxtaposition is syntactic concatenation.

¢ |* is syntactic alternative.

‘[ .. T is zero or one times (i.e. optionally) ‘.. °.

(.. }n" is n (default 0) or more times * .. *.

4 .. /=)0’ is n or more times ° .. ' separated by ‘ -
Parentheses ‘( .. )* are used for precedence.
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LCF_LSM

A system for specifying and verifying hardware

Mike Gordon
Computer Laboratory
Corn Exchange Street

Cambridge CB2 3QG

Abstract

The LCF_LSM system is designed to show that it is practical to prove the
correctness of real hardware. The system consists of a programming
environment (LCF) and a specification language (LSM). The environment
contains tools for manipulating and reasoning about the specifications.
Verification consists in proving that a low-level (usually structural)
description is behaviourally equivalent to a high-level functional
description. Specifications can be fully hierarchical, and at any level
devices can be specified either functionally or structurally.

. As a first case study a simple microcoded computer has been verified.

This proof is described in a companion report. In this we also illustrate
the use of the system for other kinds of manipulation besides
verification. For example, we show how to derive an implementation of a
hard-wired controller from a microprogram and its decoding and
sequencing logic. The derivation is done using machine checked
inference; this ensures that the hard-wired controller is equivalent to
the microcoded one. We also show how to code a microassembler. These
examples illustrate our belief that LCF is a good environment for

implementing a wide range of tools for manipulating hardware
specifications.

This report has two aims: first, to give an overview of the ideas embodied

in LCF_LSM, and second, to be a user manual for the system. No prior
knowledge of LCF is assumed.

N.B. This is the second printing of Tech. Report No. 41. Various corrections and
additions have been made.



Proving a Computer Correct
with the LCF_LSM Hardware Verification System

Mike Gordon
Computer Laboratory
Corn Exchange Street

Cambridge CB2 3QG

Abtract

A machine-generated correctness proof of a simple computer is
described. ‘

At the machine code level the computer has a memory and two registers:
a 13-bit program counter and a 16-bit accurnulator. There are 8 machine
instructions: halt, unconditional jump, jump when the accumulator
contains 0, add contents of a memory location to accumulator, subtract
contents of a location from accumulator, load accumulator from
memory, store contents of accumulator in memory, and skip. The
machine can be interrupted by pushing a button on its front panel.

The implementation which we prove correct has 6 data registers, an ALU,
a memory, and a microcode controller. This controller consists of a ROM
holding 26 30-bit microinstructions, a microprogram counter, and some
combinational microinstruction decode logic.

Formal specifications of the target and host machines are given, and we
describe the main steps in proving that the host correctly fetches,
decodes and executes machine instructions.

The utility of LCF_LSM for general manipulation is illustrated in two
appendices. In Appendix 1 we show how to code a microassembler. In
Appendix 2 we use the LCF_LSM inference rules to design a hard-wired
controller equivalent to the original microcoded one.

N.B. This report' should be read in conjunction with LCF_LSHM: A system
Sor specifying and verifying hardware. University of Cambridge
computer laboratory technical report Number 41.
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Tactics and Tacticals in Cambridge LCF
Lawrence Paulson
University of Cambridge

July 1983

The tactics and tacticals of Cambridge LCF are described.
Tactics reason about logical connectives, substitution, and
rewriting; tacticals combine tactics into more powerful tactics.
LCF's package for managing an interactive proof is discussed.
This manages the subgoal tree, presenting the user with unsolved

goals and assembling the final proof.

While primarily a reference manual, the paper contains a

brief introduction to goal-directed proof. An example shows typ-

jcal use of the tactics and subgoal package.
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