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Chapter 1
INTRODUCTION

This paper describes a portion of an overall project
designed to implement a LISP interpreter on a minicomputer.
The programming for the interpreter was done in the FORTRAN
v programming language. The purpose of this portion of the
project was: .

(1) To design the initialization and memory management
routines for a LISP interpreter.
(2) To program these modules in a high-level language.

(3) To implement the modules on the INTERDATA 8/32.

1.1 LISP Programming Language

LISP is a list processing language . It is an efficient
langquage for use with symbolic data manipulation. Symbolic
data manipulation requires extensive use of recursive
techniques, and LISP is designed to make recursion easy to
use. The use of recursion involves temporary storage of many
different environments. To allow for the allocation and
deallocation of these elements in storage requires the ﬁse
of a dynamic memory management systea.

The dynamic memory management system will be discussed
in detail in chapters 2 and 3. The remainder of this
section contains a brief discussion of the overall project

and the interaction with the INTERDAT2A 8/32.
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1.2 LISP Interpreter Systenm

The interpreter (Figure 1-1.) consists of a driver
podule and five major subsystem modules. The five major
subsystem modules have different functions and were designed
so that they could be developed and tested separately. Each
major subsystem module is capable of functioning under the
direction of a single driver module. The modular concept is
not only efficient, but it is also convenient for splitting
a large project into smaller projects which can be developed
by different individnals.

LISP INTERPRETER SYSTEM DESIGN

LISP INTERPRE TER
DRIVER

| i 1 |

INPOUT SCAN INTERPRETER OUTPUT

MEMORX
MANAGEMENT

Figure 1-1

1.2.1 Driver

The driver module contains four basic parts: (1) the
information describing the use of the module; (2) the common
data statements declaring the global data; (3) a dictionary
of variables and constants used; and (4) the call statements

which invoke the various subsystem modules. The code for



the driver is at Appendix B.

1.2.2 Input

The input module is responsible for: (1) requesting
memory space from the memory management module and; (2)
reading the user's progranm into addressable storage
locations. The INPUT,SCAN, and a portion of the INTERPRETER
modules were prepared by David C. PRosserman and are

discussed in depth in his report.

1.2.3 Scan

The SCAN module is a driver routine., It calls a token
generator routine and symbol table search routine. It causes
the user's program to be scanned and placed into an address
array. The address array shows: (1) the location of each
symbol/string in the user's program; (2) the length of each
symbol/string; (3) its key word/function status; and (4) its
location within a key word/function table described in block

data.

1.2.4 Interpreter

The INTERPRETER module performs two major functions.
It initially creates a general tree representation of the
user's program. Once the general tree has been created it is
passed to the EXECUTOR portion of the module. The EXECUTOR

portion is the subject of another future report.



1.2.5 Memory Management

The memory management module is a driver routine which
operates a dynamic memory management system. There are two
main submodules which allow for vwariable sized blocks to be
allocated. One system was designed for use by the scanner
and rparser and the other for the executor. Memory

management will be discussed in detail in chapter 2.

1.3 Modular Design

This project was designed from the beginming in a
top-down manner. All necessary modules were visualized and
Urittén into the initial programs as stubs of routines. The
routine stubs were replaced with completed modules only
after the modules had been tested. 211 global and external
parameters required by the modules were provided by a test
driver,

211 modules have been designed with a definite
hierarchy. No module calls a module of a higher level, and
all parameters are passed to the called routine thru common
statements or calling statement parameters. A1l modules have
been written as subroutines or functions containing only one
entry and one exit point. The number of lines within each
module have been limited to a specific function for ease of
reading and debugging, and all primary actions have been

documented within the progran.



1.4 INTERDATA 8/32

The INTERDATA 8/32 was used during the designing,
programming, and testing of +this portion of the LISP
interpreter. The computer is owned by the Computer Science
Department and is located in Fairchild Computer Room. RAll of
the necessary input/output devices are available for the
user, and 640K bytes of memory are more than adegquate for
the normal program. The problems encountered lnsing the

INTEBRDATA are discussed in Chapter 4.

1.5 Summary

This report covers one part of a three part projedt
involving the development of a LISP interpreter written in a
high-level language and implemented on a minicomputer. In
addition to the initialization, the major portions of the
interpreter discussed in this report are: (1) Memory
Mapagement; and (2) Output.

The INTERDATA 8/32 was used during the program and test
phases, and it proved to be an excellent computer. After the
initial hurdles of learning how to keep it rumnning, the
remaining problems were insignificant.

This project enabled the author to gain "hands-on"
experience with devices which had previously only been read
about in textbooks. It also provided valuable experience in
working with a minicomputer. |

Chapter 2



MEMORY MANAGEMENT DESIGN

2.1 Introduction

This report is concerned with two different types of
Eemory manpagement systems. Both systems use dynamic memory
allocation techniques, and both allocate variable sized
blocks of memory from a single area called ISPACE. When the
allocatable space is full, memory is regenerated by moving
all slocks in use to the low address portion of memory. All
blocks which remain in the high address portion are
available for reuse.

The two memory management modules discussed in this
report ‘are named IGTBLK and GETBLK. Both systems use an
indirect method of addressing and will be discussed in
detail in chapter three. The basic terminology of the two
systens, and the fundamental concepts involved will be
discussed in this chapter.

2.2 Marking

During memory regeneration all blocks must be
identified as current if they are still in use. This process
is called marking. Normally a single mark bit is set aside
in each block header for this purpose, but a whole word was
used for this _project. The reason for using a word will be

discussed in a chapter on the INTERDATA. The position used
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for marking will be referred to as the MARK bit or MARK
field. If a block is referenced directly or indirectly by a
variakle, the block is currently in use and should be
retained in nénory. The executor is allowed to explicitly
free any block no longer needed. A block could also ke freed

by GETBLK, but so far this has not been required.

2.3 Compaction

Sequential memory allocation is a fast method of memory
allocation, but it requires that all useable memory be
contained in a contiguous block of memory. During memory
regeneration and after marking, the system which moves all
useable space into a contiguous block is called nmemory
compaction. During memory compaction all current blocks
(all marked blocks) are moved to the low address portion of
memory, and all of the pointers are changed to reflect the
new locations.

The use of memory compaction makes memory allocation
simple; searching for a block that is large enough is not
required. Compaction also eliminates the problem of memory
fragmentation, which happens when there is adequate
availaktle memory, but the blocks are spread all over menofy
in such small portions that a single request for space
cannot be met. Since compaction makes all current blocks

contiquous, it causes a reduction in page thrashing.

2.4 System Differences



.

This report describes two different nmemory management
systems, IGTBLK and GETBLK. GETBLK was designed to be used
by the input, scan, and initialization modules of the
interpreter. - IGTBLK was designed to be used by the
executor. GETBLK provides fqr contiqguous storage in large
blocks without headers interspersed. This method is simple
and fast; however, it does not allouw for blocks pointing to
other blocks. IGTBLK is more general, but it is slower and
uses much wmore space for pointers and header information.
GETBLK requires that all current blocks be referenced by an
indirect pointer table, IPT. IGTBLK relaxes this restriction
in that it requires current blocks to be referenced by an
initial address 1list, IAL, only if they are not reachable
through any seguence of pointers in Lklocks, starting with a
block referenced by IAL.

The executor module should decide which blocks must be
referenced by the initial address 1list. 1In general only
pointers to the bgginning of a structure are placed on the
initial address list. It was impossible to coordinate with
the programmer of the executor since that is the sulkject of
a future report; therefore, it became necessary to implement
a patch for test purposes. In the current implementation ;11

blocks are pointed to by the IAL.

2.5 IGTBLE Concept

IGTBLK is a <function and can be called@ by any module,
but it was designed to be initiated by the STORE module. The

executor would initiate a call to STORE, which would then
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obtain the desired space from IGTBLK. STORE would then place
the data into the block and return the address of a pointer
to the block. The FRRED module was designed to allow any
block to be freed. Use of the FREED module was necessary
during the testing of memory regeneration and maintenance of
the initial address 1list. The executor module can properly
save and free blocks by passing a flag in the calling
statement to the STORE module. During each nemory
regeneration, any current block may be moved. In this case
all pcinters to that block must be adjusted. This creates
the following requirements:

(1) The header must contain information about which
vords in the blocks are to be used as pointers to other
blocks.

(2) All required blocks not referenced by internal
block pointers must be placed on the IAL.

(3) The marking routine must mark all blocks referenced

by the IAL or by internal block pointers of current Lklocks.

2.5.1 IGTBLK Data Structures

The data structures used by this module are shown in
Figures 2-2 thru 2-4. Figure 2-2 shows the fields that are
contained in each block. The LENGTH field contains an
integer represehting the number of words in the block
including the header. The POINT field is used during memory
regeneration. It is initialized to zero before being
assigned for storage. During marking the POINT field is used

to indicate which word in the data field is being processed.



10
Compaction uses the POINT field to indicatg the new location
of the block after movement. The MARK field is initialized
to zero and is set to one if the block is in use at the tinme
of marking. The USE field contains a use bit for each word
in the DATA field. The use bit is set to zero or one by the
STORE module to indicate a use of data or pointer
respectively. In the DATA field each word contains a pointer
or data.
| Figure 2-3 shows the IGTBLK linkage with all blocks
being referenced directly by the 1IAL or indirectly by the
internal block pointers. Figure 2-4 shows the overall
systen. NLIST 4is a variable indicating the number of
elements on the IAL. ISLIST is a constant indicating the
maximum size of the IAL. ISPACE is an array used for
allocating memory. IFREE is a pointer to the first
wnallocated block in memory. ISIZE is the maximum size of

allocatable memory.

2.5.2 Marking Algorithm

I=1
do while (I £ NLIST)
BEGIN
Mark the block located at IAL (I)
Depth first mark all unmarked blocks
referenced by internal pointers
I=I+1
END

2.5.3 IGTBLK Marking Module

Figure 2-5 thru 2-10 show the marking procedure used by



11
blocks and reversing the pointers in the structure while
descending (moving deeper into the structure), then
restoring the pointers while ascending. Figure 2-5 shows the
blocks prior to marking. The first block is of length seven;
the MARK field is zero; it has two use bits with value one,
indicating the two pointers. Pigure 2-6 shows that the block
being processed 1is pointed to by the variable A and the
point and MARK field are set to one. The value one in the
POINT field indicates that the first word is being
processed. Tenporary pointers B and C are set to zero.

Figure 2-7 shows the status of the blocks after one
descent. Each time that a non-null pointer is <found that
points to an unmarked block, the following steps apply:

(1) B is changed to point to the same block as A.

(2) A is changed to point +to the block referenced by
the pointer being processed.

{(3) The pointer being processed is changed to point to
the block referenced by C.

{(4) C is changed to point to the same block as B.

(5) The mark and POINT fields of the new block pointed
to by A are set to one, and the processing continues.,

All of the above steps can be traced through on Figure
2-7. HBotice that the next to 1last pointer in the first
block is now zero. Both B and C were initialized to zero
before descent as shown at Figure 2-6. Figure 2-8 shows the
status of the blocks after one more descent, and Figure 2-9
shows the status of the blocks after the descent is
complete. Notice that the POINT field contains a value of

three and there are only two words in the block. This
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situation is caused by a loop which is used to increment
the POINT field each time a word is processed. When the
POINT field exceeds the number of words in the block, the
ascent will follow. During the ascent the pointers are set
back to their previous values. Figure 2-10 shows the status

of the blocks after one ascent.

2.5.4 IGTBLK Compaction Module

The compaction routine for this module is more
complicated than the one for GETBLK because of the
additional pointers involved. The compaction is dome in
steps which are:

(1) Process all current blocks, and put the new address
of each block in the POINT field of the header.

(2) Update each element on the IAL so that it contains
the value of the POINT field of the block that it
references.

(3) Process the blocks sequentially and change each
pointer in the DATA field to reflect the new location of the
block that it points.

(4) Move the blocks to their new locations.

(5) Update IFREE to reflect the first available block

to be allocated in the new contiguous block.
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2.6 GETBLK Concept

As mentioned before this module was designed for use by
the READ module, the SCAN module, and a portion of the
INTERERETER modules. The main difference between this
module and IGTBLK is that this module allows a large block
of data to be allocated in several different cells without
any headers being interspersed. This system was used to
great advantage during the testing phase of the READ module.
When this module is called a block of words of any size can
be requested, normally eighty words are regquested which is
the length of an input card. A lock is passed if a large
contiguous block is desired which keeps a header from being
placed on each block. The starting address of the data is
returned to the calling routine each time a block is
requested. On the last request from the calling module the
lock is changed and the header information is updated to
reflect the current 1length of the block. The only
requirements that exist for this system are:

(1) Bach block must have only one pointer to it which
is the indirect pointer table,IPT.

(2) Each block must have at least.one reference to it,
and the IPT must be changed to =zero for each block not in

usSee.

2.6.1 GETBLK Data Structures

The data structures used by this module are shown in
Figures 2-11 thru 2-13. Figure 2-11 shows the fields that

are contained in each block. The LENGTH field includes the



