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ABSTRACT

This thesis reports the _dcvclopnent of a segmented
mcmbry_nﬁanager for the UNIX operating system on a PDP=11/50
miniéémoﬁteh. ansideﬁ?d in detail is the application of
thi:_'neéory manager to data segment boundary alignment aﬁd
system protection in a multiported memory configuration.
Recommendations are provided for the integration of this
operating system into the total Naval Postgraduate School

Signal Processing ana Disolay Laboratory environment.
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I. INTRODUCTION

The goal of ¢the Naval Postgraduate School Signal
Processing and Display Laboratory is to provide a facility
for research and education in the field of computer science.
The 1laboratory is built around a pair of Dicital Equipment
Corporation PDP=11/50 processors, One processor is
primarily used to service multiuser program develocment
activities. The other orocessor supports several graohics
display devices and opnrovides a dedicated environment for
research and develooment in the areas of operating systems,
computer graphics and sigi.al processing. Fig;re 1 shows the
present hardware configuration of the laboratory.

The UNIX operating system (7}, a time=sharing system
developed at Bell Laboratories, was chosen as the system
best suited to supoort the goals stated above. UNIX's
inherent file system flexibility and the availability of
system source code written in the high level programminag
Janguage, N, provide an excellent environment for
operating system develooment and research., The availapility
of a dedicated processor as a developmental too! further
enhances this environrent,

Due to the unique and demanding requirements placed on
the display processor's ooerating system by graphics devices
and signal orocessing eauipment, it was determined that the

standard version of UNIX in use ( henceforth simply referred

a5ty
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to as UNIX ) was unsatisfactory. This thesis proposes an
extension to the UNIX system in the form of a new memory
management scﬁeme. The approach taken was to implement
process segmentation with provision for data space
allocation and alignment within a specified memory region.
This approach was feasible and attractive because the
PDP=11/50 is equipped with a memory management unit (MMU)
that supports seomentation. Additionally, segmentation
provides extra flexibility in resident process manioulation.
UNIX allocates process space as a single contiguous unit in
main memory. Segmentation allows management of oprocess
segments as separate entities. This provides the necessary
tool for selective allocation of memory soace 'to an
individual seament.

This latter feature 1is particularly attractive in a
system configured with multiported memory. As shown in
Figure 1, the display processor has access to two dual-
ported memory areas’ one shared with a signal processing
controller, the other shared with a slave processor for the
refresh araphics display devices. Due to the real-time
requirements of these devices, independent access to data in
the shared region is necessary. Otherwise, the display
processor will not be able to supoort multiproaramming. A
segmentea memory manaqer would provide the features
necessary to suoport these real=time reauirements,

Two modifications of the UNIX operating system were
implemented and tested as a result of this thesis. One was

a previously designed (4], but unimplemented, seamented

10
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memory manager version (SUNIX). The others a shared-

segmented version (SSUNIX), was a further modification of

o Slaliinos ot 4o

; SUNIX which implemented the alianment of a orocess's data

space within & shared memorv region. Real-time processing

& was supported by locking the process image in main memory
once the shared region had been acquired.

1 Testing of SUNIX and SSUNIX included benchmark

g measurements and operation in the general multiuser
z E environment., Performance was almost identical to that of
i UNIX, Additionally, SSUNIX was tested on the display
i processor and successfully fulfilled the objective of data
| space alignment with system orotection. Amplification of

these results is provided in Chapter V of this thesis. In
addition, recommendations are included for applications and
utilization of SUNIX and SSUNIX in the Signal Processing and

4 Disolay Laborator?-
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E II. BACKGROUND

B A. PREVIOUS WORK

i Three previous thesis projects which are closely
associated with the development of SUNIX and SSUNIX are

discussed below. It should be noted that a specific area of

concern in all three papers is the development of system

support for the special devices on the display processor.

l. Partitioned Segmented Memory Manacer
In this thesis (41, Emery reports an investigation
of the apolicability of paaing and segmentation to memory
management in UNIX. Two memory managers were  designed to
» support this investigation: a partitioned seamented version
i (PSUNIX), and a simpler segmented version (SUNIX). The |
primary consideration in the design effort was that the
? : segments be separate and indeoendently manageable in main

memory. ‘he seaqmentation chosen was the existina natural

division into a process control block, a data segment
(including non=shared text), and a User stack. Shared text
segments were handled in much the same manner as in UNIX,

SUNTL was designec to manace each complete seament ;

independently, It was this design effort that proviced a

foundation for the development o% SSUNIX., PSUNIX further

broke down each of the seaments into variable=size blocks.

Testing of PSUNIX was accomplished by using

13
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benchmark measurements to analyze its performance in
relation to  UNIX, The experimenta! results clearly
indicated that the performance of PSUNIX and UNIX were
nearly identical over a wide range of available User memory
space. Emery suggested that this sporoximate eqguality of
pergormance indicated that the disadvantage of the increased
amount of swapping in PSUNIX was offset by a reduction in
the number of processes swapped. He attributed this to
reduced external fragmentation with PSUNIX. However, due to
the relative complexity of PSUNIX, Emery recommends that the
simpler SUNIX be completed and implemented as a viable

alternative,

2. Inter=-Processor Graohics Support System

Visco (12] investigated s multiole processor system
configuration to support a real-time, interactive graphics
package. UNIX was redesigned to implement a real=-time
system call and a master=slave relationship between the
disolay orocessor and a dedicated graphics processor.
Specifically, he designed the system support routines
necessary for integration of the PDP-11/50, POP=11/34, and
Vector General (VG) Display Processors. For testing
purooses, inter-processor communications were simulated on
the PDP~-11/50, since the PDP=11/34 slave processor was not
avatlable for use,

The master=slave processor configuration was
conceived - as an answer to the problem of refresh graohics

devices having a hiagh level of direct memory access (DMA)

14
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requests and a reauirement for real=time 'svstem support.
DMA is the transfer of data directly to or from memory by a
peripheral device, without processor suocervision. This
configuration required shared memory and the system support
software to alian a process image in the shared reqgion.
Memory management hardware on the slave processor (2]
permitted a 32 thousand (K) word address range. The svstem
designed by Visco allocated the entire process image on a
32Kk word boundary. System orotection was not achieved since
other processes were allowed to overlap into this regione.
Visco sugaested an implementation of Emery's SUMIX
as a method of allocating only the graphics process's data
space to the shared region of memory. Since OMA by the
slave oprocessor, acting in behalt of thé graphics device,
was highly concentrated in data space, this memory
allocation scheme would more efficiently utilize the limited
amount of shared memory. SSUNIX, with the added features of
generalized multioorted memory apolications and system

protection, was developed as a result of this suggestion,

3. Loosely~Coupled Multiprocessor System
Visco's work was directed primarily toward the main
processor in the proocosed multiorocessor system for the
laboratory. A thesis by Gray [S) addresses the  development
of an operating system for the slave processor. Although
not directly related to the problem of memory management in
UNIX, this paper is mentioned here to emphasize the qeneral

trend of thesis work cone in supoort of the laporatory's




refresh graohics devices. Furthermore, recommendations in a
later chaoter of this opaper soecifically address the

integration of SSUNIX into the multiprocessor environment.

B. GENERAL SYSTEM PROPOSAL

As indicated in the oprevious section, the specific
system prooosed by this thesis was designed primarily to
perform data space alignment in a8 shared memory area for

E resident signal processing and refresh araphics processes.
E However, the acfual modi fications to UNIX were designed to
offer more general applications. SUNIX was implemented as a
; general ourpose ooperating system with secmented memory
management. The differences between UNIX and SUNIX are

i transparent to the User. SSUNIX provides the ability to

friomn =

align a process's gata sSpace within any given area of User

memory sSpace. Locaticn and size of this memory reqgion,

which was intended to correspond to shared memory assets,
can be specified at system generation time. The limitations
of UNIX in a system confiocured with devices which demand
heavy DMA and real-time sSvstem support are discussed. The

general concepts behind the design of SUNIX and SSUNIX are

also presented.

e /

fg 1 l. Limitations of the Present System
b3 ;

A

AN a. Bus Allocation

As shown in Figure t, all POP=11/50 components

b and peripherals connect to and communicate with each other

16
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over 3 high=speed, bidirectional, asynchronous bus known as
the UNIBUS (3], Devices gain access to the UNIBUS via an
arbitration unit, This unit arants bus mastershio based on
a myltilevel priority scheme. Each device on the UNIBUS is
assigned a hard=wired priority which is recognized by the
arbiter. A device is aranted immediate mastership when a
request is made and no device of equal or higher priority
has control. DMA requests from peripheral devices have
highest priority. The cantral processing unit (CPU) has the
capability to control or release the bus by varying its own
priority level, This makes it possible for devices to
access main memory with almost no processor intervention.

Devices which require a larqe amount of DOMA

place heavy demands on the UNIBUS. A oroblem arises in a

multiprogramming environment when a process is running at a
E : high scheduling oriority (as with real=time processes), and
also reauires high priority and heavy bus utilization for
§ DMA. In this case, all other orocesses are essentially

i 3 suspended since thev <cannot gain access to the UNIBUS.

! 1 Refresh graphics devices reauire heavy bus utilization for

processing the display liste In the case of the V6 devices

£ ‘

ES{ f in the laboratory, the display list, located in the resident
g}ﬁ 1 . grachics process's data soace, must be processed every one-
é? 3 : fortieth of a second. It is thus necessarv to lock the
551 active display list in memory. If the 1list were not in
EE‘ 4 memory ‘at the time of a refresh cycle an inordinate delay
?g} would Accur, causing the display to flicker or fade.

h? g As noted opreviously, dual-oorted memory was
P 17
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conceived as a solution to these oproblems, With the
peripheral processors each assigned a separate bus attached
to memory poéts ooposite the main processor, interference
during DMA could be virtually eliminated. The problem which
remained was the-allocation of a process’'s data space to one
of the shared memory areas. Visco's design attemopted to
solve this problem specifically .for VG processes. SSUNIX
was deﬁigned to solve the oroblem for moré general

applications.

b. Memory Allocation Scheme

In UNIX, while the processor is executing in
benalf of a process, its image must reside in main memory as
a8 single contiguous unit, Unless swapping is necessary, the
image remains in memory during the execution of other
processes. When the CPU is executing a oporocess, MMU
registers are loaded so the process can access only its own
image and, {f aoplicable, a text segment shared with other
processes.

The memory allocation scheme used in UNIX s
based on a "first=fit"™ algorithm. That is, the orocess
image is allocated space in the first free area in the
system's free=list which can accomodate it. With this
scheme, selective allocation and alignment of memory space
in a particular region of memory is impossible. This is
unsatisfactory in a system configured with multiported
memory. As an example, the Computer Signal Processors

Incoroorated CSP 125 controllier can access only that portion
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of memory indicated in Figure 1. Any process that

communicates with ¢the CSP 125 must have its data space

located in that area of memory.
2. General Features of the Proposed System

a. Segmentation

The initial decision that had to be made to
solve the problems stated above was: what type of memory
management modifications to UNIX were reguired to provide a
general and efficient operating system which would support
alignment of a resident process's data space iin a agiven
region of memory. The segmented memory manager designed by
Emery (SUNIX) was chosen .as a basis for the intended
modi fications, Segmentation had several advantages which
made this choice attractive., Process imaces in UMNIX consist
of several logically independent segments. Although not
managed separately, this natural division provides an
appealing basis for segmentation. Modifications to the
existing memory management routines to implement SUNIX were
straightforward and relatively simple.

The segmentation chosen also proved to be an
efficient way to hanale dynamic changes in the size of User
data and stack areas. In UNIX, when the User space arows
beyond the available contiquous - memorvy space, it s
necessary to reestablish the entire process image in main
memory. This is accomplished by copying the process image
to a new free area of sufficient size, Since there is no

hardware facility on the POP«11/50 for a "block move" in

19




memory, this s a msjor source of memory management
overhead. Ihe cost of the copy operation s about 10
micro~seconds per word (d4), This figure is even worse if
space  is not readily available for the larger image and
other processes have to swapped out to make room. In SUNIX
the User's data and stack are managed independently. Growth
of either area reauires reestablishing only that segment in
memory. Total overhead due to dynamic in=core expansion is,

therefore, reduced.

b. Data Space Alignment
After decidinag on SUNIX as the operating system

which would best serve the purposes of this thesis, a method

l of positioning a oprocess's data space .at a partijcular
location in main memory had to be‘*developed. 0Oetailed

f analysis of the memory manadement routines in both SUNIX and

UNIX ~was necessary before proceeding. The method chosen,

and implemented in SSUNIX, was a direct extension of SUNIX.

T T

No modification to the segmentation scheme was necessary,

: i and only minor modifications to the other memory management
1 routines were required. The aeneral aporocach taken was to

"

—. e

implement the necessary changes by adding several system

'

routines to acquire, allocate, and release a shared memory

o
Vo N
Q'

a‘-_‘-'_'\‘(\ = 9= P

-.-
~
{

asset. System calls were imolemented to perform these

.,,,
s i
s

tfunctions for processes requiring shared memory,

Ca it

Rt

Providing system orotection was a secondary goal

-

in the desian of a memory manager for SSUNIX, The concept

A A o
e Y
W gt
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of system protection implies that inadvertent destruction of
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viébl process information, particularly the process control
information used by the ocerating sytem, will not occur.
Address range limitations of the peripheral processors
prevent their man{pulation of dafa in memory locations
outside of the shared region. SSUNIX allows only the data
space of processes communicating with these devices in this
region. The combination of these two features provided the

system protection desired.
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ITI. THE UNIX OPERATING SYSTEM

Thus far in this thesis, the UNIX operating system has
been discussed in general terms., This chapter provides a
more detailed discussion of the concepts of system
operation. Concepts in the design of the memory managers in
UNIX, SUNIX and SSUNIX are also presentedg. This chapter
provides the background necessary for understanding the

modifications made to UNIX to implement SUNIX and SSUNI]X,

A. CONCEPTS OF OPERATION

UNIX (7] is a terminal oriented, time=-sharing operating
system developed at Bell Laboratories for the Digital
Equipment Corporation (DEC) PDP=-11 family of minicomputers.,
Most of the sourc? code for UNIX is urﬁﬁten'in L ol SR |
high level systems imolementation language. The femainder
of thé source is written in "as"™ (10), a Bell Laboratories
variant of PDP=1]1 assembly language.

Multi=tasking in UNIX is performed on a basic unit of
work called the process. A orocess consists of system
control " information, executable instructions, ana data.
#hen the operatina system is "bootstrapoed” into memory at
system initiation time, it 'handér;fts' its first two
processes. Process 0. is the master control process (the

scheaguler "100p") which executes until UNIX terminates.

-
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Process | initializes the operating environment for other

processes in such a manner that all subseauent processes are

its descendents. Al]l other processes are executions of
program files from the UNIX file system.

Descendents of a process are created by execution of the
“fork" system call. This svstem call replicates the calling
: process, creating a new (child) process that has a unique
E process number, The original process, called the parent,
can continue execution or temporarily suspena itself wuntil
F the child terminates. A child process may either continue
i execution of the same proaram or invoke a new program into

execution. New processes are invoked by "exec”, a system

call that "overlays” the calling process with an executable

e T

file from the file system. Child processes may also sSpawn

children of their own. #nhen any child completes execution,

L

i = it terminates by means of the "exit" system call. "Exit"

notifies the parent of the child's termination.

The primary role of Process | is to create a child
] process for each’ of the terminals in the system. These
processes open their assianed terminals, orompt for a wuser

; to log in, and then await a reply. OUnce a user has logged

Lot bmatite s
g

in, the child invokes a new proaram (using "exec") called

t
”j§ ’ the Shell, The function of the Shell is to interpret

commands from the terminal and create children which

accomplish the desired operation. When the user logs off,
the Shell process for his terminal is terminated. Process
1, which is then notified of that child's demise, creates

another child for the terminal. The new child reoovens the

%‘. & ‘1‘4_ ,‘";
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terminal snd oromots for another log in.

From the User's point of view, the most important rcle
of UNIX is to provide a .file system (7]. There are
basically three kinds of files supported by the system:
ordinary disk files, directories, and special files.
Ordinary files contain whatever information the User places
on ite Source orograms, object moduies generated by
compilers or assemblers, and opure text are examples of
ordinary files, Directories orovide a maocping of orainary
file names to the files themselves, thereby inducing a
structure on the file system. All files in the svystem may
be located by tracing a path from the "root" directorv to
the desired file. User interface to each input/ouput (1/0)
device supported by th§ systemris through a device=specific
special file. Wwith this scheme, [/0 devices can be treated

as ordinary files,

B. MEMORY MANAGER DNESIGHN

The UNIX memory manager is, in concept, a relocatable
partitioned memory manager with swaoping anag limited
segmentation. While the processor is executing in behalf of
a process, the process image must reside in a contiguous
region in main memory. As already exolained, Aduring the
execution of other oreccesses, a process may remain in memory
unless scheduling of a hiaher priority process forces it to

be swaoped out (cooied) to the swao device. UNIX orocesses

are logically dividea into three parts: the UVECTOR, ¢the
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Ueear data space, and the User processor stack. [f & process
requires use of shared text, its data space contains only
data. Shared text is managed separately.

The UVECTOR contains 'all process status information
required by UNIX while the process is resident in core.
Qther process status information, which must remain
addressable throughout the life of the process, is contained
in a system control block called a PROC, In the case of
shared text, the PROC contains a pointer to vet another
system control block called a TEXT. This block contains all
information necessary to control the sharing of a text
segment Dy one or more orocesses. Shared text, if required,
is established in memory independently of the processes
which are sharing it. If a process shares text, "exec"
checks to see if a copy of the text segment is already
avaitable in the system. [f it is not, a copy is created.

User address space of a text=sharing process may be
created with separate instruction space (I-space) ana cata
space (D=space), or with combined I-space and D=space. User
address space for non=sharing orocesses is established with
combined instruction and data socaces. If the I=space and
D=space of a orocess are combined., there 15 no
differentiation between instructions and data. The file
type (7] of an executable file 1is wused by "exec" to
establish a separation flag in the UVECTOR, This flag is
used to control the method by which the address space for a
text sharing orocess is established. The shared text

segment of a process with separate address spaces is
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addressed beginning at User Ie-space address 07 data s
addressed beginning at User De=sopace address 0. I[f a process
with combineas address spaces has shared text, the text
segment is addressable beginning at address U in both I~
scace and D-smace. Its data is addressed in botn [I=~space
and Despace, beqinning at the first 4K word boundary above
the shared text segment. For processes without shared text,
the text is addressea beginning at address 0 in the combined
I=space and D=scace; and its data is addressed bteainning at
the first word boundary above the text, The User's
processor stack is adaressed extending downwara from the
highest address in D=space or combined I=-space and D=space.
PDP=11/S0 oage address registers (PARs) and page
descriptor registers (PDRs) are loaded when a process image
is brought into memory or its '  address soace is
reestablished. PARs are used by the VMU to transliate
virtual addresses to chysical! memory addresses. PORs are
used to describe a set of attributes about a resident
process's pages. A page in UNIX can be thought of as a
partition of a process image which can be up to 4K words in
lenath. Access control spcecified in the PDRs is read only
for shared text pages and read=write for all other naaces.
User data space may vary dynamically if required auring
execution of a orocess. A system call, "break”™, is provided
in UNIX to alter the size of the data area. Adcditionally,
the size of a process image may be increasea by dynamic
growth of the User processor stack. When this occurs, the

svstem automatically increases the amount of scace provided
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for the process. In both of these cases, UNIX. must
reestablish the entire process image in main memory, As
mentioned oreviously, one of the primary benefits of

segmentation is indicated here., SUNIX and SSUMIX reauire

¢
R e

. that only the segment which changes size be reestablished.

1. Segmentation

Segmentation of shared text is already well
supported in UNIX. SUNIX and SSUNIX further divide process
images into the three natural segments menticned befores
UVECTOR, data space (including non~shared text), and User
stacke. Allocatién of memory space for a process is
accomplished by separately establishing each segment in a
free area large enough for it. Contiguous allocation in
memory 1is possible, but not required. Swao space for a
process is still allocated in a contiquous oartition on the
system's swao device, However, .due to the separation of
segments in main memory, up to three copy operations are
:; ' required each time a process isS swapped to or from the swao
l i device. In UNIX, only one copy ooeration is reauired.
Thus, there is an increase in system overheaa with seagmented

memory management. There is, however, a compensating
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advantage to segmentation: a reduction of overheag (seament
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2. Allocation of Memory Space

The basic quantum of memory space in UNIX is a
bl-byte area called a block. "This is the smallest auantum
supoorted by the PDP-11/50 MMU. Memory space for each
process is assigned from a free memory map maintained by the
operating system. This map, which is establisheo at system
initiation time based on ohysical memory configuration.,
contains the base address and size (in blocks) of each
unallocated area of User memory space. Addresses in the map
are increasing in order and represent the ohysical block
number of the free area to which they refer. The operating
system is established beginning at ohysical address 0. User
memory sSpace begins at the first block boundarv above the
system code,

Maintenance of the free memorv map is performed Dy
the memory management oprimitives "malloc” and "mfree",
These system routines are also generalized to opertform
maintenance of all other system free maps; for example, the
sSwap map, and the shared memory maps (described later) in
SSUMIX, The function of "malloc™ is to locate an area of
given size in the given map, update the map to reflect the
allocation of the area, and then return the physical block
number of the allocated area to the calling routine. The
algorithm wused {in "malloc" is "first=fijit", That is, the
free map is searched sequentially, beginning with the fjirst
entry, until an area of sufficient size to satisfy fne
request is found. If the requested space is not available,

a 2zero value is returned to the caller. The tunction of
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"mfree” is to free the area specified by the calling
routine. The reaion specified is sorted back into the free
map and combined on one or both ends if possible. In UNIX,
processes are allocated space based on the size of the
entire process image., In SUNIX and SSUNIX, each segment of
a process is allocated memory space separately based on the

segment size.

3. Multiported Memory

Regions of multiported memory are often cesirable to
support peripheral devices which have uniaue DMA
requirements. Examoles are devices which have hardware
address range limitations or require real=~time memoryv
access. Specific aoplications of multioorted merory in the
Signal Processing and Disolay Laboratory have already been
discussed.

To support multiported memory, the operating svstem
must be able to align a orocess or process segrent in the
multiported memory redion. UNIX does not have this
capability. As explained in the orevious secticn, "malloc"
assigns memory space from the User free map <Ccased on a
"first=fit" algorithm, With this alaorithr, alignment
within a specified region of memory woulad he purely
coincidental, Furthermore, since DMA by a pericheral device
to UVECTOR or stack addresses violates system security, only
the data segment is claced in the multiported reocion. lhis
implies that seqmentation is a desirable memory management

gcheme in a system confiqured with multiported memory. For
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this reason, SUNIX was chosen as the basis for development
of multiported memory system support. Although there was no
provision for data segment alignment in SUNIX, the method of

process seamentation directly suoported the design effort p

undertaken by this author.

In order to investigate multioorted memory
applications in UNIX, & shared=segmented memorv manacer
: | (3SUNIX) was designed and implemented. SSUNIX porevidea tne
capability to align a calling process's data segment in a
shared memory region, and to ensure system protection by
clearing all other processes from that region., Free memory
maps were estabnished and maintained for each shared core
area. Procésses recuested the shared memory asset via a
system call ("getshr")., A system routine was designed which
checked the User free memory map to determine if the
requested region was free., I[f the area was free, it was
removed from the User free memory map and the cdata space of
the calling User process was moved  to the shared region.
The “"malloc"” system call was used to allocate space for the

i dsta segment in the requested shared reaion. 1f the area

was in use by another memory=-sharing process, the data

3 - segment of the callinc process was simply allocated in the
shared memory map and then moved to the region. 1If the ares
w8s in use by other nonememory=sharing orocesses, these

processes were sSwapced out of memory until tre area was

clear. The data seament of the calling User orocess was
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then allocated in the shared memory map ang Tnveg to the
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In each of the above cases, after a shared memory
region had been acauired for a memorvy=sharing orocess, non-
memory~sharing processes were not allocated space within the
bounds of the shared region. Additionally, the calling
process was locked into memory so it would not be swapped
out of the areas. Another system call ("freeshr”) was
implementea to relesse a orocess's shared memory asset and
unlock the orocess image. This system call updated the
shared memory mep. If no other memory=sharing orocesses
remained in the region, the entire shared memory area was

returned to the User free map.
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IVe MODIFICATIONS TO UNIX

A. GENERAL

Modifications to the UNIX operating system to bproduce
SUNIX were performed by Emery [4) in mid=1976. The approach
taken in the design was to make the general structure of
memory management familiar to those who understood the
structure of UNIX, This aporoach led to a well-designed
operating system which readily supported further
modi fications and debugqaing. However, due to areater
emphasis on the completion and testing of a oartitioned
segmented memory manager (PSUNIX), SUNIX was not imolemented
at that time, Final imolementation and testing of SUNIX was
a primary goal of this thesis project. SSUNIX was to be a
direct extension of SUNIX. For this reason, mocdifications
to UNIX required to implement SSUNIX encompass those made
for SUNIX,

The changes necessary to implement process seagmentation
with data segment alignment affected five general areas:

1. Control Blocks

2. Memory Manaaerent

3. Swap Space Allocation

4, Shared Memory Allocation

S. Supoort Proarams

Jicai el e



Each of these areas is discussed in a subsequent section of
this chapter., The apoendicbs to this thesis provide further
documentation. Information on control block modificatians
is found in Appendix 4, Memory management and shared core

allocation modifications are described in Aopendix 8.

B. CONTROL BLOCKS

UNIX contro) blocks are data structures used by the {
operating system to maintain information vital to system
control, The only control! block modification required to
supoort process segmentation was the PROC. A list
containinag a PROC for each active process is maintained by
the system. In UNIX, a PRUC contains the block address of
the UVECTOR and the size of the process image (which does

not include shared text), In SUNIX ampo SSUNIX, a PRUOC

contains the block address of each of the orocess segments
and the sizes of the data and stack segments.

Several new control blocks were addadead to implement Jdata

segment aligmnment within a shared core area. SHVEM defines

T
¥

the upper and lower bounds of each shared memory reqion.

Svstem shared core configuration changes reauire modifyina
the entries in this structure. SHMEM s used at system

initiation time to initialize two other shared memory

control blocks. A SHARE contains informatior about a
particular shared=memory asset. The high and low bounds of
the region, a flaa incicating whether or not the region is

in use by another memory~-sharina process, and arother flaa
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used by "malloc" are maintained here. A SHRMAP i3 a
structure uhich contains a free memory map for each of the
shared regions. The maps in SHRMAP were configurea exactly
like the other syster free maps so they could be maintained

by "malloc" and "mfree®,

C. MEMORY MANAGEMENT MODTIFTICATIOMS

Adapting the existing UNIX memory management routines to
perform process segmentation was a straightforwarc problem:
in each routine that cealt with a process image, the orncess
image was managed as three indeoendent seqgments instead of a
single entity. Although simply stated, solving this oroblem
required manv hours of familiarization with existing UMIX
concepts, and modifving several hundread lines of source
code. Details of these modifications are not included here,
but are contained in Appendix B. Copies of system source
code cannot be included in this thesis due to UNIX non=
disclosure agreements. However, authorizea UNIX User's mav
acquire machine=-readable cooies by contacting the Naval

Postgraduate School.

D. SWAP SPACE ALLOCATION MODTFTCATIONS

Swap space is allocatea to a orocess when it must be
swaoped out of memory, and freed when the process returns to
memory. A mao of free space on the system's swap gevice is
maintéined by "malloc" and "mfree”. The svstem routine

"swap" is used to transfer data between memory and the swap
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device. SUNIX and SSUNIX processes consist of three
segments that are independently established in main memory,
Moving a process image to the swapo device requires a "swap”
operation for each segment. Also, when shared text must pe
established, an additional "swap® ooeration is involved.
Actual space on the swao device is allocated in a contiguous
block. The disk address of the process is the address of
the UVECTOR, Data (if any) and stack are located
immediately following the UVECTOR. Shared text is
separately established, and retains it swap space until

there are no longer any live orocesses which recuire it.

E. SHARED MEMORY ALLOCATfON MODIFICAT]IONS

The basic ideas underlying the design of a shared-
segmented memory manager for UNIX (SSUNIX) were presented in
Chapter III. Actua) cdesign work was started after SUMIX was
implemented and had demonstrated satisfactory performance,
The approach taken in the development of SSUNIX was to add
several system Jlevel routines to oerform the sharea memory
management functions, and thus modify existing SUNIX code as
little as possible, Three new system routines were added:
"exmao", to check the User free memory map:; "shailoc", to
allocate a oprocess's data segment to a given sSnared core
region; and "shfree”, to free a process’'s shared core asset,
Svystem calls for User program interface with "shalloc” and
“shfree" were also implemented. From a User's proaram,

"qetshr"” acauires a shared core asset, and "freeshe"
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releases it, A brief summary of each new routine and the
other modifications made to SUNIX is oproviced in tne
following paragraphs, Detailed information can be found in
Aopendix 8,

The new procedure "ckmao™ was the basic orimitive used
for shared core allocation. Its function was twofold: check
the User free memory mao to determine if an area between a
given high and low block address was free, and then, if the
area was free, remove it from the free map. The design of
this procedure oprovided an interesting challenge. Once it
was determined that the area was free, several ooundary
alignment conditions had to be consigered in order to remove
it from the free memorvy mao. The procedure "shalloc”
performed the actual allocation and assignment of a
processes data segment to the requested shared core area.
It also locked the crocess ims3e in memorv. The alcorithm
implemented was described in the orevious chaoter, In order
to prevent allocaticn of another orocess within the shared
core region during the shared core acouisition by "shalloc”,
a slight modification to the memory management primitive
"malloc”" was reauired. A orocess’'s shared memory asset was
freed by "shfree”, In addition to the system call
interface, this routine was called from the "exit" procedure
to ensure that a crocess's shared core was released at
process termination,

Other modificaticns to SUNIX included: "main®, to
establish shared core regions ano initialize their

respective control bhlocks; and "sysent", to oprovide system

36

it i i gl

it

T S




entry points for the system calls "getshr" and "freeshr”.
The source code required to build both SUNTX and SSUNIX can

be found in the directory /usr/sys.sunix on the display

processor's file system.

F. SUPPORT PROGRAM MODIFICATIONS

One supoort proaram modification was reauired for SUNIX
and SSUNIX, The Sheil command "ps" [(11) displays certain

information about active process status. It uses the PROC

list to acquire this information for displav at the User's

terminal. Since the structure of the PROC was modified to

SuUpport process segmentation, certain variables used by "ps"

e o g2

were invalidated., In particular, the address and size of a

F A process image in UNTX were described in two variables in the

PROC. In SUNIX and SSUNIX, five variables were reaquired:
i UVECTOR address (its size is fixed at .5K words), data

segment address, data segment size, stack segment address,
F o "~ and stack segment size. To retain the display format used

i by "ps®, it was decided that al) five of these attributes

would not be cresented. Since the User is8 normally
concerned with only his data segment's address and size,

these values were substituted for the existing values in

Sl Gl
ek
LY
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"os"., The revised version of this routine can be found in

/usr/sys.sunix on the display processor's file svstem, The

.y
C R TV

i

Eadl object version cf "os” found in /bin must be replaced with

¥ :

i the revised object during SUNIX and SSUNIX operation.
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V. EVALUATION OF PERFORMANCE

A. OVERVIEW

As stated throuahout this report, completion and testing
of SUNIX was an integral part of this thesis and a
prerequisite for the development of SSUNIX. A severe
problem with the SUNIX memory manager had prevented its
final implementation. This problem manifested itself in an
inability to assemble certain programs. Since the assembler
is used during a ocass of the "C" compiler, compilations were
also affected. Several weeks at the outset of this thesis
project were reauired to become familiar with, debug and
test SUNIX, Once familiar with the conceects of system
organization and memory management, Emery's design readily
supported the debugging effort at hand. The oroblem was
eventually found and corrected in the memory management
routine "exec”., Development, imolementation and testing of
SSUNIX followed. Performance of SUMIX and SSUNIX was
evaluated in relation to UNIX, Additionally, tests were
conducted which demonstrated the capability of SSUNIX to
perform data segment allocation and deallocation of shared

core.




8. COMPARISON WITH UNIX

The method chosen to compare performance of UNIX, SUNIX
and SSUNIX was to wuse the elaocsed execution time of a
staﬁdard stream of processes (benchmarks), A series of
benchmarks was run to determine relative cerformance under a
variety of operating conditions. Available User memory was
the variable used. to esfablish these conditions, Two
benchmarks were used: a monoprogramming benchmark, BENCH]?
and a multiprogramming benchmark, BENCHZ2, These benchmarks
are essentially identical to fﬂose used bv Emery in his
testing of PSUNIX. PBRoth BENCH! and BENCHZ2 contain the same
sequence of UNIX commands. These commands are documented in
Ref. 11, APPENDIX € contains benchmark Jlistings. The
computer system used for the tests was the multiuser side of
the laboratory contiguration shown in Figure 1. A single=
user environment was estabiished with only the console on-
line. The ourpose of this was to prevent the introduction
of an added variaple in benchmark performance due to
processes gaenerated by other Users on the system. The swao
space and file system used were located on RP0S disk wunits
(33.

Table I presents the results of benchmark tests for
UNIX, SUNIX and SSUNTX, Available User memorvy space was
varied to evaluate oerformance over 3 wide range of svstem
configurations. Timino data was obtained by using the UMIX
"time" command (11]. Processes run under control of "time"

are clocked bv samolina orocessor state at the rate of 60
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Hz. "Real” time reflects the tota)l elapsed time for the
process and is reported to the nearest second. "User" time
is the time spent in the User state (ie. executing the
User's program instructions) and is recorted to the nearest
tenth of a second. "Sys" time is the time spent during the
execution of operating system supervisory instructions and
is reported to the nearest tenth of a second. The
difference between "real™ time and the sum of “user™ and
"sys" times indicates the amount of processor idle time.
Idle time generally reflects the amount of time spent on
asynchronous 1/1 operations.

In addition to benchmark testina in a single-user
configuration, SUNIX was run for a full day of multiuser
program development., The system was fully configured (Fig.
1) and moderate to heavy system utilization was noted.
System Users were asked to report any problems ¢to the
laboratory staff. No system failures occurred and no
problems were reported. This test provided an excellent
indication of prooer Ssystem ooeration as well as the
transparencv of the memorv management method to sSvstem

Users.

C. SHARED MEMORY ALLOCATION

Testing of data segment allocation to Sharea core was
performed on the agisolay orocessor. The system was
confiqured with a single terminal and the system console.

Swap space and the file system were maintained on RP0S gisk
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units. To demonstrate the oerformance of SSUNIX, it was
necessary to develop a method for displaying certain
relavent system information. Three items were required: the
location of a process's data segment in memory, the state of
the User free memory mao, and the state of each of the
shared memory maps. This data hest indicated the shared
memory allocation/deallocation orocess. A system call
("shtest”) was developed to display this information at the
display processor's console. Several test programs which
included shared core allocation requests ("getshr”™) and
shared core deallocat;on requests ("freeshr”) in various
sequences were develooed. “Shtest"” was included in these
programs to disolay the required information after each

shared core ooeration. This aporoach proved invaluable in

the debugging and refinement of SSUNIX,

D. ANALYSIS OF RESULTS

The results shown in Table I clearly indicate that the
performance of UNIX, SUNIX and SSUNIX are nearly identical.
No statistical analysis was performed on these results, but
earlier work [6) indicates that the sampled data may have a
standard deviation of as much as 8 percent on identical
benchmarks run several times on the same system. System
supervisory times ("SYS") under SUNIX ang SSUNIX were found
to be slightly better than UNIY in some cases. This is a
surorising result in liaht of the more complex memory

management function with process seamentation. The
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disadvantage related to increased swapping overhoa& did not
appear to degrade overall system performance. A probable
explanation for this result s an offsetting performance
improvement due to independent dynamic growth of data and
stack segments. These factors were discussed in Chapter
I1l. SSUNIX's performance in a multiported memory
environment was validated. The tests performed using
“shtest"” tndicated that shared core allocation and
deallocation of a process's data was properly managed.
Adoitionally, since SSUNIX benchmark timing data was so
nearly identical to that of the other systems, the data

segment alignment capability had no siaonificant effect on

system performance.

A R s oy

o0 e n-‘:z‘x.u -

et ek AN g

o

Lk




P
< i
L pad T AN

3 Ja
N AR
3% AL r 0

s

o

— o

|
|

UNIX SUNIX
REAL 2:25.0 2326.0
USER 1224.7 1:24,2
SYS I1.3 3t.0

BENCH], 48K Words

UNIX SUNIX
REAL 2:10.0 2:10,0
USER 1:25.9 1:25.6
CAR 36.4 35.3

BENCHZ, 48K Words

UNIX SUNIX
REAL 2:11.0 2:11.0
USER 1:25.7 1:27.1
SYS 34,8 34,7

BENCH2, 40K Words

UNIX SUMIX
REAL 2:16.0 2:21.0
USER 1:27.0 1:26.8
CRA] 34.3 34.2

RENCHZ, 32K Woras

Table I.

T — PO T

SSUNIX
2:25.0
1:24.4

31.8

SSUNTIX
2:13.0
1:26.9

34.6

SSUNTIX
2:12.0
1:26.0

35.3

SSUNIX
2:23.0
1:27.3

35.3

Benchmark Timina Data
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VI. CONCLUSIONS AND RECOMMENDATIONS

The primary goal of this thesis, an extension of the
UNIX memory manager to orovide data segment alianment with
system protection, was successfully implemented in the form
of SSUNIX., Performance results were encoursging. However,
before the benefits of this svstem can be fully realizea,
other related develooment work in the Signal Processing and

Disolay Laboratory is necessary. This chapter provides

recommendations directed ¢toward the development of a total
system supoort oackage for the laboratorv's display
processor, Also includead s a recommendation for further

research in the area of segmented memory mansgement.

A, CONTROLLED MEMORY ALLOCATION

i Several different operatina systems for the display 1

processor have been cevelopea to orovice suoport for speciasl

-

periphera! devices. Two of these systems were desgsigned to ]

‘ provide process alicnment in a particular ares of memory: ]
g(} one for CSP 125 processes, and another for VG processes. :
iﬁ The existence of a number of different occerating svsters,
£ g each with a particular aoplication, causes a sianificant

e

S

o 3
- e o

confiquration control problem in the laberatorv., Since

-
3y

SSUNIX was desiqgned with these specific aoplications in
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processor would simplify the system configuration control

problem.

B+ MULTIPROCESSOR INTERFACE

As indicated in Figure 1, the PDP-11/34 slave processor
is presently treated as an independent system peripheral.
The design work done by Grav (S) has not vet been tested in
the multiprocessor environment for which it was intended.
Additionally, the hardware interfaces for the 32K word
shared core area and the VG disolay device have not been
implemented. The dashed lines in Figure 1 depict the
configuration required to complete the multiprocessor
interface. Once this is done, implementation of the slave
processor's operating system and integration of SSUNIX into
the multiprocessor environment could follow. Investigation
of the communication reauirements and protocol between the
master processor and the slave orocessor is required. Also,
the inter-orocessor graohics supoort opackage designed by
Visco (12) must be reviewed to ensure proper interface with
the "getshr® and "freeshr" system calls of SSUNIX. Only
slight modification to SSUNIX would be reauired to establish
this interface. One suggestea approach is to implement
Visco's "rtime” and "nonrtime"” system calls in SSUNIX to
perform the functions as "getshr"™ and "freeshr", This
aoproach has the advantaae of requiring only simole

modifications to SSUNIX and no modifications to the grachics

interface routines. Another possibility Ais modi fying the




e

Vector General routfines to acaufre shared core via "getsher",

and.rolooso it via "freeshr",

C. [INVESTIGATION OF SWAPPING POLICIES

The dissdvantage ' of seamented memory management
regquiring a greater number of copy operations for process

swapping has been stated previously., An interesting topic

for further investigation is the develooment of an extension

to SSUNIX (or SUNIX) which implements swapping on a seament
basis. Modifications to SSUMIX to support this
investigation would involve revision of the orocess
scheduling routine "sched", the process memory allocation
routine "pralloc®™, the routine for swapping processes out of
core, "xswap", and the routine for swapbing processes into
core, "orswap”. It is contended that, althouah the memory
management function will be stiahtly more comoiex, the
actual changes reauiréd to existing routines will not
degrade system operformance. In fact, since swapping is a
gignificant factor in system overhead..an optimum swappinag

policy should enhance overall performance.
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APPENDIX A: CONTROL BLOCK MODIFICATIONS

A. DOCUMENTATION FORMAT

This appendix is intended to be used with a copy of the
source code for UNIX (Version 6), SUNIX and SSUNIX. It
contains documentation of the modifications made to UMX
control blocks to implement the two new segmented svstems,
Source code for these control blocks in the UNIX form s
found in the directory /usr/svys. Source code for the
moditied versions can be- tound in the directory
/usr/sys.sunix on the display processor's file system. The
format ot this appendix and some of the documentation
contained herein are identical to APPENDIX A of Ref, 4.
Each control block is describea under an upper case roman
letter. The control block name is followed by the source
code file in which it is found. An overview and a
description of sianificant data elements is provided for

each control block.

B. SHRMAP, share.h

i. Overview

SHRMAP is a structure contpininq NSHARE free memorv
maps of shared core reqions. NSHARE is a tunable parameter,
also found in "share.h", which specifies the number of

shared core areas in the system. This control block is not
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found in UNIX or SUNIX. Each map in SHRMAP is an integer
array containing the physical block number and size of an
unallocated memory area. The maps are sSorted in physical
block number order, This configuration is identical to
COREMAP and SWAPMAP, Documentation of *malloc.c" in
APPENDIX B describes the memory management primitives which

manipulate the free memory maps.
2. Significant Data Elements

a. int shmap (SHMAPS]IZ]
This is the specification for a single shared
memory map contained in SHRMAP, SHMAPSIZ is a tunable

parameter defined in "share.h".

b. char 2*mesize

This is the size of the free area in 6d4d=bvte

blocks.

Ce Char *meaddr
This is the ohysical block number of the
beginning of the free area in the shared core reqgion. 1If

this value is zero, it marks the end of the map.

C. SHARE, share.h

1. Overview
A SHARE contains certain control information about a
shared core region. There is one of these control pblocks

for each of the NSHARE reaions., Share is not defined in

us

i
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UNIX or SUNIX,
2. Significant Data Elements

a. int basadar
This s the physical block number of the bhase of

the shared core region in memory.

b. int hiaddr
This is the physical block number of the too of

the shared core region.

c. char nusefla
This is a tlaa which indicates that the shared
core region is in use by a resicent memory-sharing process.,
Further details on its use are provided in apoendix B under

the documentation of "shallac.c”.

de char ckflg
This is a flag which indicates that no orocesses
are to be allocatec memory soace within the tounds of the
shared region. Its wuse in "malloc()* is documented in

APPENDIX B.

D. PRUC, proc.h

1. Overview

One PROC is allocated for each active process in the
svstem. The PROC exists for the 1ife of the orocess. PROCS
are maintained in an array called "oroc" which is MNPROC in

size. This array is cermanently resident in main memorv and
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contains al) per orocess information which cannot be swapped

out of main memory.
2. Significant Data Elements

a. char peflag
This is a word of flags. Bit 0 of this word is
the SLOAD flag. If it is set, the process is resident in
main memory. Bit 1| is the SLOCK ?l;g. If it is set, the
process is locked in memorv and may not be swapped out. In
SSUNIX, this bit is set to lock memorv-shaﬁinq processes in
memory. 8it 2 of tﬁis word is thé SSWAP flag. If it is

set, the process is being swaoped out.

be int p*aQor
This variable is oresent only in UNIX, If the
process is resident in main memory, it is the physical block
number of the process's UVECTOR. If the process is swapped
out, it is the swap device block number of the swapoed

image.

C. 1int pesize
This variable is oresent only in UNIX, It is

the size of the process's swappable image in 64d=byte blocks.

de int petextp
This is a pointer to the orocess's TEXT. If the

value is zero, the orccess does not have shared text.
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e. int pecadadr

This variable is present only in SUNIX and
SSUNIX. It is the main memory physical block number of the

process's UVECTOR while the process is in memory.

f. int pedaddr
This variable is- present only in SUNIX and
SSUNIX. It is the swap device block number of the process's

swap space. If it is zero, the process has no swap space.

ge. int pedsijize
This variable is opresent only in SUNIX and
SSUNIX. It is the size of the process's data segment in

64=byte blocks.

he int pessize
This variable is oresent only in SUNIX and
SSUNIX, It is the size of the process's stack in éd=byte

blocks.

BV UVECTOR, user.h

i. Overview

The structure "user" is referred to as the UVECTOR,
Une of these structures is part of each swapoable orocess
image. The UVECTOR contains all orocess data that 1is not
needed when the orocess is not in control of the processor.
When the orocess is in control of the processor, its UVECTOR

resides at a fixed location in the operatinag system data

space.
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2. Significant Data Elements

a. int utuisal(lel
In UNIX this array contains the 64=byte block
displacements from the start of the reqion of the process's

data and stack pages. In SUNIX and SSUNIX this array is not

used.

b. int utuisdilo?
This aray contains the orototypes of the
process's user I-space and D=-space page descriptor

registers.

Ce 1INt u*tsize
This is the size 0of the orocess's shared text

segment in 64d-byte blocks.

4 ¢ de int utdsize

! ' This is the size of the process's data segment
3 in 64-byte blocks.
e. int utssize ' !

LhZ
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This is the size of the process's stack seament
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I. APPENDIX B: MEMQRY MANAGEMENT MODIFICATIONS

A, DOCUMENTATION FORNMAT

As with APPENDIX A, this apoendix is intended to be used
with a cooy.of the source code for UNIX, SUNIX and SSUNIX.
It contains documentation of the modifications to UNIX
memory management functions which were required to produce
the two segmented systems. The format used here, and some
of the documentation, is identical to APPENDIX B of Ref. 4.
UNIX source code is givided into several files containina
related blocks of code. The functions documented in this
aopendix are qgrouoed under an upper case roman letter and
the name of the file in which they are found. Each tunction
in each file is lapeled with an arabic number. The
documentation of each function is divided into four
subsections: oarameters, functional description, returned
values, and error conditions. The files containing the UNIX
functions are found in the d?rectory /usr/sys/ken. The
files 'COntaining the modified versions of the functions for
SUNIX and SUNIX are found in the directory
/usr/sys.sunix/ken on the display proéessor file system, In
this directory, thdse files which contain modifications

specific to SSUNIX are orefixed with the letters "sh",
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B. main.c
1. main()

a. Parameters

This function has no oarameters.

b. Functional Descriotion

This is the operating system initiation
function. Physical memory configuration is determined, User
memory space is cleared, and all system free maps are
initialized. Process 0 and Process | are created. In
SSUNIYX, the soecification array for shared core
configuraton, "shmem", is found in the file "main.c". This
function utilize; "ghmem"” to initialize the SHRMAPs and
SHAREs described in APPENDIX A, Shared core configuration
changes are managed by modifyina the entries in "shmem”,
Uoon completion of initiation tasks, the process schedulinag
routine, "sched"”, is called. "Sched" then runs until the

ooerating sSystem crashes or is otherwise terminated.

C. Returned Valyes

This function does not return,

de Error Conditions
An error occurs if the system clock cannot be

established.
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2. estabur(nt,nd,ns,seo)

a. Parameters
The first three parameters are the sizes of the
current process's shared text, data and stack segments in
6l4=-byte blocks. The last parameter is a separation flag
that is set if the process has solit instruction ana data
spaces. The current process's UVECTOR is an implied

parameter,

b. Functional Descriotion

This fumction first checks the validity ot its

arguments. It loads the orototypes of the memory management
page descriptor registers into the array ueuisal] found in
the current UVECTOR, In UNIX it also loads page start
disolacements measurec in blocks from the beginning of the
region or text into the array u¢tuisa{l] found 1n the current
UVECTOR., The array utuisafl is not loaded in SUNIX and
SSUNIX, 1Its values are are not required since the values of
the parameters are claced in the variables uetsize, uedsize,
utssize, and u¢seo in the current UVECTOR. In all versions,
"sureg"” is called to lgad the actual! memorv management

registers,

c. Returned Valuyes

If the ocarameters are invalid, minus one s

returned; otherwise, a3 zero is returned.
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de Error Conaitions

The minus one return indicates an error

C"l.'o
3. cksize(nt,ndyns,sep)

a. Parameters
The parameters are the

"estabur(nt,nd,ns,sep)"” described above.

b. Functionrnal Descriotion

This function is present only

SSUNIX, It checks its oarameters to see if they are valid.

c. Returned Values

It the oarameters are invalid,

returned. Otherwise, a zero is returned.

de Error Conacitions

A minus one return indicates

caller.

Ce malloc.c

* 1. malloc(mp,size)

a. Parameters

an

The parameters are 3 oointer to

map array and the size in blocks of

allocated from the mac.

S6

in SUNIX and

minus

error

to the E

as for
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free memorv

the region to be
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b. Functional Description

This function allocates space in main memory and
on the swap device. If User free memory space is to be
allocated, the first parameter must point to COREMAP, and
the size must be specified in bU=byte blocks. If swao space
is to be allocated, the first parameter must opoint to )
SWAPMAP, and the size is specified in 256~word sectors. 1If ,
shared core is to be allocated, the first parameter must ;
point to a SHRMAP, and the size i; soecifiea in 64-pvte
blocks. In SSUNIX only, this function checks the global 1

flag, "sharflg", if¢ COREMAP is specified. TIf “sharflg” is ]

set, the function must then check the "ckfla” in each SHARE

before allocating space in COREMAP, If a "ckflg" is set, a

free area which incluces any part of that particular shared

region will not be allocated.

C. Returned Values
It allocation 1is successful, ¢this function
returns the physical block number of the base of the

allocated area. Zero is returned if space is unavailaole.

d. Ereror Concitions

A zero returned value indicates allocation

faitlure to the caller.

2. mfree(mp,size,aa)
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a. Parameters
The first two parameters are the same as those
for “malloc" described above. The thiro parameter is a8
physical block number of an area of main memory OF swap

space.

b. Functional Descriotion

This function frees the soecifiea area in the
spacified free mao. [t the first parameter opoints to
COREMAP, the area is freed in the User free memory map. It
the first parameter points to SWAPMAP, the space is freed in
the free mao of the swao device. In SSUNIX onlv, if the
first parameter points to a SHRMAP, the area is freed in the
map of that particular shared core region. Sizes are in
68-byte blocks if COREMAP or a SHRMAP is specified, and in

256=word sectors if SWAPMAP is specified,

¢c. Returned Valyes

The value returned by this function s not

.checked.

d. Error Concitions

This function has no error conditions.

3. ckmap(rla,rha)

"a. Parameters
The parameters are the low addaress and high
address in ohysical block numbhers of a reaion of main memory

soace., COREMAP is an impliea parameter.
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be. Functional Description 4

This function is present in SSUNIX only. It

checks COREMAP to determine if the specified region of main

memory is free. If the area is free, it is removed from

COREMAP and the map is rebuilit to reflect the removal. In

order to rebuild the mao, several boundary alignment

conditions are checked, The position of the free area

boundaries in relation to the boundaries specified in the
parameters determines the algorithm used to sort and rebuilid
conjunction with the

the map. This function is used in

shared core allocation function, "shalloc", described below.

€. Returned Values
If the specified area is free and was removed
from COREMAP, a one is returned. If anv part of the area 1i1s

in use, a 2ero is returned.

d. Error Conditions

This function has no error conaitions.

4. shalloc(scname)

a. Parameters

The oarameter is8 an integer value which

soecifies a particular shared core region. The PRCCs and

TEXTs of all orocesses, the current process's UVECTOR, ¢the ;

SHAREs, and the SHRMAPs are al) implied parameters.
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b. Functional Descriotion

3 This function is present only 1in SSUNIX, It

4 t performs the shared core allocation process by acauiring the
I region, reserving it for memory=sharing processes, and

_{, ., positioning the caller's data segment in it. The function

first checks the validity of its input argument, The

"ckftlg” for the specified reqgion and the global "sharflg”

:f are set to prevent allocation of space within the region 1

during . the acquisition process. To ensure that the calling :

process 1S not within the bounds of the shared core area

that it is ¢trying to acquire, it is swapped out of memory

using "ceswap". Since "malloc" will not allocate space

within the reacion, when the process returns to memory it

will not interfere with its own acquisition process., The

"nusefig” of the shared core area is checked to determine if

the area has been previously acquired and reserved for }

sharing. If the area has been reserved, the caller's data

E segment is allocated in the SHRMAP and then copied to the

| allocated space. 1f the area is not reserved, "ckmao" is

CAats

called to determine if it is free. If it is not free, the

5 PROCs are scanned to find processes with seaments in the

P

area. Interfering processes are swapoed out of memory until ]

‘%
ER

Ty

?ﬁ the region is free. "Ckmap" performs the actual reservation
‘éés } process by removing the region from COREMAP, The caller's
_f; data segment is then allocated in the SHRMAP and cooied to
'; i ] the allocated scace. In any case, after the orocess's data

o

-
o

segment has been copied to the region, the process imaace is

TR ET AR

<0

W)

locked in main memory by settina the SLOCK flag in the PROC.

60

]

i

,_

i |

/;1 ;

v |

‘.
|




Ak G
¢L1% " ey

|

Ay

s s

S5
e

€. Returned Values
If the shared core allocation process is

successful, the physical block number of the base of the

caller's data segment is returned., [f unsuccessful, a minus

one is returned.

d. Error Conditions
The minus one return indicates an error to the
caller. This value can result from one of two error
conditions: improoer inout oarameter, or tailure to allocate

the process's data seament to the shared core region.
S. shfree(p)

a. Parameters
The parameter is a pointer to the calling
process's PROC. The SHAREsS and SHRMAPS are imolied

parameters.

b. Functional Description

This function is oresent only in SSUNIX. [t s
used to free the caller's shared core asset. It first
checks to see if the caller {s a memory=sharing process. If
so, that process's data segment is deallocated in the SHRMAP
of the region that it occupies. If there are no other
memory=sharing processes remaining in the area, it is freed
in COREMAP and the <caller's image is unlocked. It any
memory=sharina processes remain, the caller's imace is
unlocked and swapoed cut of memoery. In this case, the space

occupied by the data seament is not freed in COREMAP since
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the area muyst remain reserved.

¢+ Returned Values

The values returned by this function are not

checked,

de Error Conditions

This function has no error conditions.

0. sig.c
l. core()

a. Parameters

The current process's UVECTOR, PROC, TEXT and

address space are implied parameters.

b. Functional Description

This function creates a memory image of the
current orocess's UVECTOR, data, and stack. In UNTX this
function uses "estabur" to redefine the process's virtual
address space and make the data and stack contiguous. It
then writes the data and stack in one output operation. In
SUNIX and SSUNIX this is impossible because the data and
stack may not be ehysically contiguous. Two output
operations are reauired; one for the data and one for the
stack. If an error occurs during an outout operation, an

ingication is left in utuerror in the UVECTOR of the current

process.
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c. Returned Values
This function returns zero {f successful and one

if an output error occurs,

de Error Conditions

; The one return indicates an error to the caller. E
2. grow(sp)

a. Parameters
The parareter iS the value of the current
process’'s User stack cointer. The current orocess's UVECTOR

and PROC are implied carameters.,

b. Functional Descriotion

This function i§ called asynchronously when the

current process's stack attempts to expand byond the space
allocated for it. This function calculates the number of
blocks that the stack must be increased, validates the new

stack size, and acquires the memory that is needed. In

g UNIX, "expand"™ is called to establish the new, larqer
{
address space for the entire nprocess image. In SUNIX and

SSUNIX, this function attempts to acquire the needed space

E;‘ by in=core expansion cf the stack segment. If unsuccessful,

%% it calls "ceswaop" +to acaquire the space bv swapping. 1If

ii% - successful, it copies the old stack to the new space and

{ﬁ | frees the old memory. In all versions the newly acquired

; i ¥ space is cleared and "“estabur"™ is called to reload the
{

memory manaaement registers.
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Ce Returned Values
This function returns a zero it it is

unsuccessful and a one if it is successful.

de Error Conagitions
A zero return indicates an error to the caller,

e 3,poc |
1. schedal()

a. Parameters
The PROCs and TEXTs of al)l orocesses are imolied

parameters.

b. Functional Description
This function searches for swapoed out oroéesses
that "deserve"™ to be returned to memory, It selects the
most "deserving” orocess; acquires space for it by swaoping
out other processes if necessary; and returns it to main
memory. In SUNTX and SSUNIX two new functions are used:?
"oralloec™ to acouire main memory for the process, and

"orswap"® to swap it in,

€. Returned Values
This function does not return. [t is the basic
instruction loop for Process 0, It goes to ;leep anag is

reawakened about once per second by the clock function,
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d. - Error Concitions
In UNIX, if a swap input or output error occurs,
the message "swap error” will be sent to the console and the
system will crash, In SUNIX and SSUNIX, the swap operations

occur in “"prswao® 80 no error messages are generated here.
2. newproc(nrp)

a. Parameters
The parameter is a pointer to a PROC to be
established for a child orocess. The current process's

UVECTOR, PROC, and TEXT are implied parameters.

b. Functional Description

This function creates an exact duplicate of the
current process as a child of the current process. It first
makes the aopropriate entries in the child and parent PROCs
and in the TEXT if ore exists. It then attempts to acauire
memory for the child process. If it is successful, it
simply copies the parent's image to the new memory. Jf it
fails, it swabps out a copy of the parent to be returned to
memory as the child. In SUNIX and SSUNIX, a new function,
"oralloc®, is used to attemot to acquire memorv for the

child,

c. Returned Valyes
This function returns 2zero to the parent
process. The return to the child does not come from this
function, but from the schedulina function "swtch”. The

chilo can identify itself as the child because "swtch"
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returns a one to it. This is one of the most important and

subtle phenonena in UNIX.

d. Error Conditions
It the PRCC pointed to by the parameter is
al ready ailocated to an active process, the message "no
procs” will be sent te the console and the system will

crashe.
3. expand(newsize), exoand(newd,news)

a. Parameters
In UNIX, this‘function is called witin a single
argument, the new reqgion size. In SUNIX and SSUMIX, this
function is called with a pair of arguments: the new data
size and the rew stack size. The current process's PROC and

UVECTOR are implied parameters.

b. Functional Descriotion

In UNIX, this function is called whenever the
size ¢f the current process's memory image changes. It puts
the new size in p+tsize in the current PROC. If the new size
18 smaller, it simply frees the unwanted memory. If the new
size is laraer, it attempts to acquire the new space for the
process., If it succeeds, it copies the process image to the
new 3area. If it fails, it causes the process to te swapped
out with the new sizes noted in the PROC, When it returns
to memory, it wil! return at the new size. [f the process
is swaoped out, this tunction calls "swtch" to reschedule

the process immediately. In SUMIX and SSUNIX, it outs the
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two new sizes in pedsize and p¢ssize in the PROC. In UNIX, f :
the function calls "xswap" to perform the sSwapping r
operation. In SUNIX and SSUNIX, the new function "ceswap"
is used. In UNIX, "sureg" 1is called to load the memory

management reagisters. In SUNIX and SSUNIX this is not

B S T I e e

necessarye.

c. Returned Values
The return values of this function are not
checked, The caller Hhas né way of knowing if the process 2
was increased in size by direct expansion or by swapoing.
In UNIX, if the process is swapced out, this function coes }
not return to its caller, The return comes from a

subseauent call to "swtch® after the process has returneg to

memory.

de Error Concitions

fhis function has no error conditions.

4, ceswan(ods,oss)

a. Parameters
The parameters are the current oprocess's data

and stack segment sizes in hld=byte blocks,

b. Functional Description
This function s .oresent only in SUNIX and
SSUNIX, it is called to perform core exoansior Swacoing.

It calls "xswap" to do the actual swaoping and then calls

"swtch"” to reschedule the process immediately.
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Ce. Returned Values
This function does not return to the caller,
The return comes from a subsequent call to "swtch" after the

process has returned to memorv.

de Error Conditions

This function has no error conditions.

F. svysl.c

1. exec()

a. Parameters
The currenrt process's UVECTOR, PROC, and TEXT
are implied parameters. Because this function is a svstem
call, the array utuarg(] in the UVECTOR contains additional

arguments. See Ref, 11,

b. Functional Descriotion

This system call is used by the current oprocess
to invoke a new program. It copies any proaram arguments to
a puffer, unlinks fror the old TEXT, frees its old main
memory space, establishes a new TEXT if the new orogram has
shared text, acauires memory space for the new data and
stack segments, clears the reaion acquired, reads in the new
program's data, copies the arauments to the new stack, and
changes ¢the memory manaaement registers to reflect the new
address space. In UNIX, "expand” is called to free the old
memory space; in SUNIX and SSUNIX, a new function, "prfree",

is useg. In UNIX, "estabur" is used to validate the new
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memory reaquirements? in SUNIX and SSUNIX, the new function

"cksize” is used. In SUNIX and SSUNIX, only the

uninitialized portion of the data segment is cleared before

5. RO 1 7Y
.

the copy operation.

ce Returned Values
fhis system cal)l returns to the caller only if
it encounters an errore. I? NnO error OCCurs, it returns to

the first instruction of the new orogram,

de Error Concitions
This function returns an error to the caller if

the memory reauirements of the new program are invalid.
20 exit()

a. Parameters
The current process's UVECTOR, PROC, and TEXT

are implied parameters.

b. Functional Description

This function is the system call wused to
terminate the <calling oprocess. It clears all signals,
closes any open files, unlinks from the current TEXT,
acaquires a block on the swap device, copies the first 256
fi1 bvtes of the UVECTOR to the block, and frees main memory
space held by the process. In SUNIX and SSUNIX, the old
5 memory area is freed by the new function "prfree”, The new
: function "swfree" is used to free any swaop space. In SSUNIX

3 only, if a process has the SLOCK bit set in its PRUC, the
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function "shfree®™ is called to free any Shared core assets

that the process has been allocated.

€. Returned Values

This system call does not return to its caller,
The next function invoked for this process is "wait”, which

- completes the cleanup.

de. Error Conditions

This system call has no error conditions.

3. sbreak()

a. Parameters

o

The current process's UVECTOR and PROC are
implied parameters. Because this function is a system call,

an aditional argument, the virtual address of the new end of

the data, is found in the array utuarall in the UVECTOR.

b. Functional Descriotion
This function is the system call used to change

the size of the callina orocess's data area. It calculates

the new data size desfred by the orocess and checks tne

validity of the process's new total memory reauirements. In
UNIX, "expand” is usec to establish the new region. In UNIX
and SSUNIX, this function attempts to do the work itself,
It puts the new size in pedsize in the current PROC. If tne
new size is smaller, it simply frees the excess storage., I[f
the new size is larger, it attempts to acauire it. If this

fails, "ceswap" is called to acquire the soace by swapoing.
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In a1l systems, the newly acquired space is cleared.

Ce Returned Values
The values returned by this function are not

checked.

d. Error Conaitions
If the new storage reaquirement is not valid, the
new sSpace wil! not be acquired and the function returns.
This will usually cause the process to terminate abnormally

because of a memory management errof.

G. text.c
1. xswap(psff,o0s), xswap(p,ffrs0ds8,0S5S)

a. Parameters

In UNIX, this function is called with three
arguments. In SUNIX and SSUNIX, it is called with four.
The first parameter is a pointer to the proc of a process to
be swapped out of memory. The second parameter is the
memory free flaga. In UNIX, the ¢third parameter is the
process image size in b64-pvte blocks. In SUNIX and SSUNIX,
the third and fourth parameters are the sizes of the

process's data and stack seaments in b4=-bvte blocks.

b. Functional Descrintion
In UNIX, this function allocates swap space for
the process and swaps it nut. In SUNIX amad SSUNIX, this

function allocates space only for those oprocesses that do
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not already have it., In all! systems, memory is freed if the

memory free flag is set. .This flag will not be set if this 3
function was called by "neworoc®™ to create a cooy of the

parent process., In SSUNIX, when this function is called to

. Swap out a process with shared core, the memory free flag is
not set it other memory=sharing orocesses remain in the

shared region.

¢ce Returned Values
The values returned by this function are not

checked.,

d. Error Concitions . |
[t swap srace must be allocated, but none is

: available, the message "out of swap soace” will be sent to

the console and the svstem will crash. If an output error

occurs during the swap operation, the message “swap error”

W PR

will be sent to the console and the system will crash.

2. xalloc(ip)

a. Parameters

T T T

The parameter is a pointer to the inode of the

text segment that is to be allocated or located. The

W Al T
.

current process's UVECTOR and PROC and all TEXTS are implied

- .
s

A
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H parameters.

This function establishes the sharedg text

i b. Functional Descriotion
4

segment reauirad by the current process. If the current
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process does not reauire shared text, this function simply
returns, If the process does require shared text, this
function searches the array of TEXTS for a previously
established TEXT for the reauested segrment, 1f one is
found, its active=process use count is incremented. 1If the
requested segment is in memory, the TEXTs in-memory count is
incremented. If a TEXT has not been established, an
unallocated TEXT is 1located and allocated to the text
segment. Swap space is allocated for the text seoment. The
current process's adoress soace is increased using "expand"
to acquire space for the new text segment. The text segment
is then read into memory and coopiea to the swap space
allocated for it. The new memory space acquired for the
text segment is freed using "exoand” in UNIX and "prfree” in
SUNIX and SSUNIX., The address of the TEXT is placed in
petextp in the current PROC and the process is swapped out
of memory. When it returns to memory, the newly established

text segment will return with it,

C. Returned Values
The value returned by this function is not

checked,

d. Error Congitions
1t 3 TEXT must be establishea and one is not
availapie, the message "out of text” will pe sent to tne
console and the svyster will crash. [f swap space must be
allocated and none 1is availabtle, the message "out of swao

space” will pe sent to the console and the system will
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crash,

He page.c
1. pralloclor)

3. Parameters
The parameter is a pointer to a PROC. The TEXT

pointed to by the PRQOC is an imolied parameter,

b. Functional Description
This function is opresent only in SUNIX and
SSUNIX. It acquires memory space for the process's UVECTOR,
Qata segment, stack segment, and, if mecessary, shared text
segment. Soace for the text segment is acquired only if the
text is not resident in main memory. If allocation fails,

all memory space previously allocated is freed.

C. Returned Values
It all allocations are successful, the physical
block number of the base of the UVECTOR is returned. If any

allocation fails, a zero is returned.

de. Error Conditions
A return value of zero ‘indicates an error to the

caller.

2. prswap(rp)

O i e S e i i




a. Parameters

The first parameter is a pointer to a PROC. The |

TEXY pointed to by the PROC is an implied parameter.

|

; b. Functional Description 3

i This furction is bpresent only in SUNIX and ;
i

i SSUNIX, It swaos a process's UVECTOR, data segment, stack 1

segment, and, if necessary, text segment into main memory.

Ce Returned Values

The value returned by this function s not

checked.
)
b d. Error Conditions
If an input error occurs during the swap :
? ‘ ooeration, the message "swao error" is sent to the console ;

and the system will crash. 4
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"II. APPENDIX C: SYSTEM BENCHMARKS 3

P PP R RN

A, BENCH t, MONGPROGRAMMING

e

T TR - e
-

chdir /usr/sys

sh rpload

chdir ken

cc =0 =¢ slo.c

cd ..

cd dmr

ed ipc.c </usr/bench/edcmd >/dev/null
chair /usr/bench

c¢c =0 rftest.c

bas tower<towerin>/dev/null

od /usr/sys/conf/mi8S.s >/dev/nul
co /usr/unix /dev/null

chdir /bin

sum #*>/dev/null

wait

chdir /usr/sys/ken

rm Sip.O

chdir /usr/bench

rm a.out

B. BENCH 2, MULTIPROGRAMMING

chdir /usr/sys

sh rpload®

chdir ken

cc =0 =c slo.cd

cd ..

cd dmr

ed ipc.c </usr/bench/edcmd >/dev/nul IR

chdir /usr/bench

cc =0 rftest.cd

bas tower<towerin>/dev/nyllg

od /usr/sys/conf/mdS.,s >/dev/nulld

co /usr/unix /dev/nulld i
chdir /bin 5
sum 2>/dev/nul iR’ :
wait ]
chdir /usr/sys/ken

rm slp.o

chdir /usr/bench

rm 3.out
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