THE VLISP MODEL:
DESCRIPTION, IMPLEMENTATION, AND EVALUATION

by Jértme Chailloux, December 1979

translated from French by Paul Y Cloess

28 January 1980

Note:

The present document contains the translation of Chapter 3
(the VCMCZ2 machine) of Chailloux”s document.

Some parts of the
text (programs, ...) have been omitted as they contain no French:
partial inclusion signals their existence.
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1. INTRODUCTION
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2. REPRESEXTATION OF VLISP OBJECIS

http://lwww.artinfo-musinfo.org The VLISP Model, January 1980, page 3/40



3« THE V C M C 2 MACHIRE
This chapter describes the VCMCZ machine used in our works. The
design and implementation of the VCMCZ machine are based on the

following ideas

1. VCC2 is a pachine. The description ot the
implementation of our model takes into account the
necessary limitations of a machine?

- the resources {(memory or registers) are limited,

- any operation on the objects must tLte explicitly
defined in terns of a fixed instruction set.

2. YCMC2 1is a yirtual machinee. e do not restrict
ourselves to a specific machine, especizlly for the
internal representation of objectse.

3. VCMC2 1is a pgferepntial wmachine. The mocdel description
is portable (three systems have been buillt wvery
rapidly, within a few weeks) and short (the size of
the interpreter and the 160 standard functions

1
altogether is about 2 k words ).

4., VCMCZ2 15 a protoiype machine. It is wused as a
preliminary study tor the realization of a real VCNMC2

machine based on a bipolar micro-processor "
2
tranches"™ such as the Am2900 L[AMD 78al.
3.1 ORGANIZATIOR OF THE MACHINE

The YCMCZ machine cowmprises a memory, Tegisters and an

Arithmetic and Logic Unite.

1

A word is 8 bits.

2

"Tranche® means slice.
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3.1.1 The memory

The memory of the VCMCZ machine is a random-access memncry. The
slze of its words is not fixed and depends on specific
incarnations of the machine on existing materiels. A VCMC2 word
must be able to contain an address. The word size will determine
the maximal size of the mewmory (its address space)a.

This wmemory is divided into several areas. FEach area contains

a fixed data-type.

The areas are:

1. the memory area containing the programs {the
interpreter, the input/output routines, the work
areasy ees)s. This area is not dynamically allocated.
It is called the ggode 3rese.

2. the stack. This memory area is managed automatically
by the machine by means of specific instructions that
manipulate a special pointer, the stack pointer. This
stack may be viewed as an external processor with its
oWn mewnolry, in the spirit of the NK3 LISP wmachine
LNAGAUT91.

3. the Jlists area. This area is accesseq by specific
machine instructions and managed dynamically.

4. the pumbers area. Like for the previous area, this
area is managed automatically and dynamically.

5. the area for atgmic¢ symbols, which is also dynamice.

3

Until now most of the machines had 16 bits addresses that
addressed ed only 64 k words, which is not sutficient at 211 for
VLISP machines, Today”’s trend (with the 16-bits word
micro-processors) is to increase the address sizes: 20 bits for
the 1Intel 8086 LINTEL 791 address 1 M-bytes, 23 bits for the
Zilog 8000 CAMD 793 ou le ¥otorolla 68000 CMCICKGLLA 791 address
B M‘bytes;
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The notion of memory areas may be identified with the notion of
memory SEGMENTSs such as those of the new 1lb6-bits-word

micro-processors, es«gJe., Intel/B8086 LIKNTEL 791 cor 28000 CAMD 790h1.

3.1.2 The Registers
For etticiency reasons, the VCM¥C2 machine has rapid memories
(called registers). The number of these registers is limited to

7 in our model.

Three of them are devoted to particular tasks (PC, SP, IX) and
the number o0i 4 general purpose registers hés been chosen upon
statistical data on the use of registers4‘ Moreover, a small
number of registers facilitates the implementation of our machine
on existing machines such as the PDP1ll (8 registers), the 8080 (5

=
registers) , the PLP10, 28000, Ar2900C (16 recgisters).

There are 3 specialized registers, used by the machine, and 4
general purpose registers, used by the interpreter.
l. PC : this register is the program counter of the VYCMC2

machine and always contains the address of the next
instruction to be executed by the machine. PC is a

4

The statistics given in Section 3.3.2 show that the first
general purpose register 1is used dynamically for 37% of the
operands, the second tor 19% of the operands, the third for 7%
and the fourth for 1less than 3%. Thus it is not necessary to
have additional ragisters.

5

The 8080 has only 5 registers that are able to contain
pointers: PC, SP, HL, DE and BC. The missing registers are
replaced by nemoIy words, which allows the use of our model at
the expense of efficiency.
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prograr polinter.,

2. SP 1 the stack pointer. It always contains the
address of the last word that has been pushed. It is
updated at each moditication of this stacke.

3. IX : this is the only index register of the machine.
It is used as a pointer to the work memcries of the
code areae.

4. A1 : is the the tirst general purpose register (or
accumulator 1).

5. A2 ¢ 1is the seccnd general purpose register (or
accumnulator 2).

6. A3 : 15 the third general gpurpose register (or
accumulator 3).

7. A4 ¢ 1is the fourth general purpose register (or
accumulator 4).
3.1.3 The Arithmetic and Logic Unit (U.A.L.)

VCMC2 relies on a upiversal UAL, able to perform pointer
manipulations as well as type testing or arithmetic operations.
Bipolar UALs such as Am<903 L[AMD 78al are perfectly suitable for
the logical part, and the arithmetic wunit AmY511 CAMD 78c¢3
(although rather slow: 54-368 cycles for 32-bits flotting-point
addition) allows arithmetic operations on 16 or 32 bits integers

and 32-bits flotting-point numbers.

3.2 THE OBJECTS DEALT WITH AND THE OPERANDS

The VCMC2 wmachine will deal with pointers. A pointer is the
address of a VLISP object of a certain type. This type is that
of the area containing the object. 2Any access to the value of a
VLISP object (or to the various values if the cbhject is an atomic

symbol) is performed indirectly through this gointer, in the
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7
corresponding memory area, by means of specific instructions

relevant to each value.

The VCMCZ machine uses 4 types of pointers which are 3

= the type atomic synbol,

- the type number,

-~ the type list,

- the type pinary object (which comprises anything
besides VLISP objects, 1i.e., the stack area, and the
code area which <contains the instructions and work
memories of the interpreter).

These types have been defined on the Lasis of a specific
management (allocation and collection) of each memory area. The
size o0f the pointers 1is not determined by VCMC2 but by each
particular incarnation. Similarly, the number of available types

may be augmented according to the possibilities of the materiel.
Here are the available types in an 8-types machine:

pointer to an atomic symbol,
pointer toc an integer number,
pointer to a real number,
pointer to a character string,
pointer to a list cell,
gpointer to a compacted list,

pointer to a stack entry,

N Oy s WY = O

pointer to an instruction.

Most ol the instructions operate on operandés of a specific tvpe
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(for example the addition requires that both operands be numbers,

the CAR instruction operates on a list)e.

The VCMCZ2 machine checks the validity ¢t types at each
execution of an instruction and issuyes an error with
interruption, in case of illegal use of a pointer, either to read

or to urite.

33 Flelds and Decoding of an Instruction

An jpstruction describes an action to be realized by the VCMC2
machine. These instructions are stored in the ccde area. Each
instruction 1is coded on one to tour machine words. VCMC2
instructions are thus of yariable 1lepgth. This type of
architecture, common to PDP/11 or 1Intel/8(86-1like computers,
allows the use of explicit operands and ar optiral storage

management, Lty minimizing the space occupied by instructionse.

AEEKEK KK AR KA AR AT AL A KRR AR A A A AR AR A AR AR A AR KRR AR KA R AARNARAAKARR AR XRKK

- Here is included a description of the instruction
format ¢f the Intel 8086,

AEXK KKK AA KA AKX KT AAALNARAKRKAAN AR RARARAAARRA KN RRRARNKRIR KA & %k kK kRN KKK kk &k

The first word of each VCMC2 instruction has a wunique format,

which allows a simple and fast decoding in an actual realization.
This first word is composed of 4 fields:

= the instruction-code field,

- the first-operand field (source operand),
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- the second-operand field (destination operand),

- the CUNTINUATION field.

We shall now describe the function of these fields.

3.3.1 The Instruction-Code Field

The instructicn-code tileld contains the action to perform on
the operands. This field is represented by the mnemonic name of
the instructiocne. This field only is required in all
instructions. The various instructions are described in Section

3.4 together with tables of static and dynamic trequencye.

3¢3.2 The Uperand Fields
Each instruction wmway contain the specitfication of 1 or 2
operands that will be used during its execution. The first
operand 1is called source operand and the second one destination
- operand, as it is usually the case for the transfer instructione.
This instruction is called MOVE. It takes 2 cperands. The first
one 1is the sender (source) and the second one is the receiver
(destination). The instruction transfers the contents of the

sender into the receiver.

The VCNMC2 machine has 8 standard operands:

1. The NIL constante.

. A R S SR WD e WA R S W A AR WS -
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This operand is wused to specify the NIL constant
(without wusing special atomic-symbol manipulation
instructions). It must never appear as a2 destination
operand, or it will cause a machine error. It is not
possible to modify any natural property of the NIL
constant, because the machine frequently uses them for
its own needs and coes not check their wvalidity for
efficiency reasonse.

2. Une of the 4 general registers (accumulators) of the
machine.

G D A O S A D D A, W A AN WD M A A A G G S WD W AN A A

A YD W W W S T W B 4w A W TE M WD W D W T WP A AL WS WS s W -

3. The tor of the stack.

P S A W W TR S A WD A N D -

This operand gives access to the stack. Used as a
source operand, it performs a pop operation) used as a
destination operand, it performs a push operation. In
both cases, the stack pointer (SP) is updated to point
to the wmost recently pushed uworde In koth cases the
stack is modified. Stack cverflouw or emptiness cause
a VCMCZ machine arror.

4. An exglicit pointer located in the word tollowing the
instruction. 7This pcinter may be a pointer to some
VLISP object or a pointer to the memory area that
contains the progyrams (these pointers are represented
by 1labels in the code area). This operand is called
immediate cperande.

D AT U R A TS W AN Mn W D A W T A AU A W N W AT . D DD W W B WD A iy e W BN A T S W -~ w— " —

| Operand |} “VLISP-object or ( memory-address) |

A WD IR A e TSR W W A A AR AT VES D T S D . S VR R A W S G S S R W WS MM W G G AES N TR R W W AN T W W
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5« A pointer whose address 1is located in the word
following the instruction. This operand gives direct

access tec memory words of the «code area whose
addresses are known. It is called direct operand.

- . A R S S GO D T O - VA . -

Here are the use frenquencies for each of the 8 types of
operand of the VCMC2 machine. The static frequencies have been
computed by analyzing all the VCMC2 code contained in appendices
C, E and F. The dynamic frequencies have been computed on the

basis of the test given in Appendix G.

D D S S W A W AND AN M AN e AU W W A A S W A A S A A A g G S WS AR WS D A AN

]

i Siatlic ogccurrences of ibe gperapds | |

| Number of visited operands 3 26490 i
N ! Number of instructions $ 132¢ i

i 1

I 1 NULL = 476 18.03 % 36.06 ¥ |

i 2 Al = 650 24.62 % 49.24 3 |

| 3 Az

| 4 A3

| 5 Ad

i 6 TST

1 7 INMEDIATE

| 8 DIRECT

|

| - |

| |

| Dypamig gccurrences of operands !

These data show?
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- the intense use of the general registers: more than 50%
statically and more than 60% dynamicslly. These
nunbers prove the usefullness of a small number of
registers that save 60% of the memory accesses
perforned by the machine to fetch the operands.

= the decreasing use frequency of the general registers
(Al, Az, A3, A4) down to 4% dynamical for A4. Thus,
this number of 4 registers is well suited and
additional registers would not substantially improve
our model.

3.3.3 The Continuation field
Each instruction contains a fourth field, the <continuation
field, which specifies the address ot the next instruction to be

617
executed .

The introduction of this last field wakes it possible to:

- reduce the space devoted toOo programse Since 3all
instructions have a continuation field, program control
instructions become unuseful.

. =~ realize conditional jumps by disatling cr enabling the
interpretation of the continuation field.

- facilitate the realization c¢f the micro-processor that
will be able to use this field directly to control the
sequencer (like the Am2911 sequencer of the 2900 family
LAMDTBb1).

To reduce the space occupied by this field, the address of the

6

This field which 1is present in micro-machines can even be
found in very high level languages, see for example the GOTO
FIELD of SNUBOL 4 L[GRISWCOLD?711.

7

The notion o¢f <continuation mentioned here is not totally
disjoint from its use in denotational semanticsCROBINET791 but it
differs from it Dy its operational character.
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next instruction may be either implicitly specified by the PC
register or the stack, or explicitly specifiecd. In the 1latter

case one must be able to specify a new address.

We have chosen four standard continuaticns in the VCMC2

machine:

1. the NKGP continuatione. 1t indicates sequential
executione The next instruction to be executed is the
one that fcllous. There is no segquence rupture.

W S N TR Wy D A A AP A WD W A e W . D W W W A W W AR A A N WA " T S -

{ Continuation | CNGP] or no field |

W W A T o> T 0D W W U T U B Dy ST AT D Y D A VD D T W W W G T > -

2. the JUMP continuation. It indicates a seguence
rupture (branching, transfer). The address of the
next instruction to execute 1is contained¢ in the memcory
word fcllowing the instruction,

L . W W AR WD WD AR A gy A R W W R P L A D W G S AT TR AR D WEG VR S W W W N W AW R ews A e

{ Continuation | LJUNMP (memory-address)l |}

A R A W WS N D S P W A W T WS T ST A D WD VR WD A WP MM A AR MR R A SN WS WM T R A W e

3. the CALL continuation. It incdicates a sub-program
call. The address of the sub-program tc¢ execute 1is
contained in the next word after the instruction (like
for the JUMP continuation). Moreover, before
executing the transtfer, the address of the next
instruction (after the current instruction) is pushed
on top of the Sp-stack.

T S A T . By S D S W W U . WD W D D G S A W S B AW T A A - —

| Continuation | LCALL (memory-sddress)i |

S D GED D . W AP A T . e G Gn G W D S P D YN N G W A - - o W -
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‘4, the RETURN continuation. It indicates a sub-program
return. The address of the next 1instruction to
execute 1is contained in the top of the stack. After

this address has been popped, the stack pointer (SP)
is ypdated.

T A A A D - T A D A A A G A W WS WD D A -

R A U S W S A D A D TR S AR T R WD A W WS WD W

The 1following statistics show the occurrence frequency of each
type of continuation fielcs in the VCMC2 wachire. They are basedg

on the tests already mentioned in the previous section.

T N D A D - — . " Y . - W . W W= -

Stalic occurrences 9f copntinustiops

Number of continuation fields: 664

Number of instructions: 1320

1 JUMP = 311 46.84 % 23.56 %
. 2 CALL = 163 24.55 % 12.35 3

3 RETURN = 19¢ 28.61 % 23.56 %

Lynamic occurrences af coptibustions

Number of continuations: 25058
Number of executed instructions: 80202

These statistics show the intense use ot these fields,
statically (more than 50% of the instructions have a continuation
field ditferent from NCP) and dynamically (more than 30% of the

executed instructions comprise a continuation field).
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