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The purpose of this paper is to provide: a hardware/software comparison of the 
Universal Time Sharing (UTS j Xerox) 'and TOPS-IO (DEC) operating systems. The 
paper will begin by discussing, for each operating system respectively, the; 
following topics: " 

General Capabilities 

Hardware Configuration Requirements " 

File Management 

System Measurement 

Scheduling Techniques 

Reliabili ty and Recoverabili ty . 

Time-Sharing Response Time 

0: Re-entrant Processors :1 

Program-Sys tern ProtE~c ti~h :' 

File Security 

. the paper will conclude by comparing the strengths and weaknesses of each sys­
tem relative to the aforementioned topics ~ , ,.' ... --

: : ; ~: .. .". r : •. ' t (. .~ 

The TOPS-IO Operating System offers"by:·,means·;·of a;~user~'6oinmand langua~e;·:,the; 
following capabilities: . -~ -- - ~ 1 ,. .... • -

~ .' Time-sharing· 

Multip~ogrammeci Ba~c~~l?,~oc~s~ing' 
Remote Batch· . 

Real-Time. 

This operating system executes' batch operat.ions in a background mode (maximum 
of 127 concurrent jobs) while supporting up'to 127 local and remote interactive 
tenninals. The time -sharing sys tern supports such compos i tion, editing, and, '.' ,. 

,', ,-,;:"",'l 

debugging programs as FORTRAN, COBOL, MACRO-10, BASIC, AID; and EDITOR. The 
TOPS-lO OS offers a relatively extensive instruction set (366 instructions) 
including floating point and byte manipulation instructions. The word size 
of the system is 36 bits and utilizes 7-bit USACIr characters. This OS facil~ 
itates a parallel mode of operation by allowing data channels and arithmetic 
processors simultaneous access to separate memory modules, i.e., asynchronous, 
interleaved memory modules, each containing four ports, ;.~are·:. provided It The 
Tbps-lO OS supports:re~l-timel tasks at a microsecond response level by allowing~ 
such tas,ks to interface directly.with the priority. interrupt system. Real-:-time ~t /; J~~ 
response is limited only'to the' abi1il:yl of the hardware to respond to interrupts. I.. ~~}'J 

" 
,i ~~ I l "7 
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The TOPS-IO as was designed on the concept of modularity, thereby allowing a 
wide variety of hardware and peripheral equipment to be used by the system. 
All peripheral equipment is software-supported through the expandability of 
the DEC-IO monitor; i.e., peripheral handling routines can be added to the 
monitor with no changes to existing software required. The standard TOPS-IO 
system requires the following hardware~ 

Card Reader 

Card Punch 

'. Line Printer 

" Dectape Transport 

Magnetic Tape Transport" 

Disc Drive ' " 

High-Speed Swapping Drum 

Alphanumer£c Terminals 

The minimum amount of core memory suggested for the TOPS-IO OS is 64K. How­
ever, if the system is to support a heavy load of Batch and Time-Sharing users 

,the system will not be effectively utilized at 64K, 128K is suggested. Memory 
is expandable in 32K modules to 256K on a' single: processor sys tern and 4096 Ki:on 
a dual proces~or system. 

The file management facilities of the TOPS-IO OS allow for the handling of 
sequential and random-access files. Files allocated to And/Or created by a 
user are usually referred to by an alphanumeric name which the operating system 
equates to a particular physical device and location. The system maintains 
for each user, (normally a "time-sharing user) a user master catalog which identi~ 
fies the name, access method, protection level and physical location of each 
permanent file assigned to a particular user. The' number of files a user may 
create is limited only by a quota imposed on the user by the installation. 
File storage may be explicitly created by a user before referencing a file or I 
dynamically allocated by the, system at execute time. The system provides for 
simultaneous use of a file among several users through the use of protection <"'~~' 
codes. The file management capabilities provided by TOPS-IO relieves the use~ 
of any considerations of device dependence,; i.e., a user may use a file with- / 
out any'~ priori knowledge,of the device (disc, pack, disc, drum) on which 

~ the information is stored. The system also organizes files independent of access, ~ 
method so that it is not necessary to completely reorganize a file to change 
from sequential-access to random access methods. 

The TOPS-IO as supplies a standard set of system measurement, and tuning facili­
ties. To m~asure system performance, dumps of selected system tables, schedul­
ing and dispatching queues and accounting information may be requested. A set 
of system diagnostic routines are also available, which monitor system activity 
and create tables of performance information. ,This performance information is 
scanned periodically by report gene'ra tors which display 1n a tabular, forma t 



such statis~ics as CPU idle time, channel busy time, etc. Tuning facilities 
exist in the form of SYSGEN options which installations may vary to accommo­
date their specific needs. ,At system generation time, the option exists to 
vary parameters determing time-sharing slice time, queue sizes, core resi-
dent portions of OS, etc. . 

The scheduler is the "nucleus" of the TOPS .. lO OS. The scheduler controls the 
scheduled use of the system; i.e., determines the sequence of time allotments 
to the users. The scheduler maintains a queue of jobs requesting allocation. 
The jobs in this queue are ordered according to external priority and system 
demands. As a job reaches the top of the queue, it passes to a queue main- .; 
tained by the peripheral allocator. Upon allocation of requested peripherals, 
the job is passed to the core allocator. After receiving the necessary core, 
the job is passed to the dispatcher. The dispatcher maintains an ordered 
queue of jobs ready for execution. As jobs are dispatched from this queue, a 
"quantum" of execution time is ,assigned to the job. If the job completes 
during its quantum, it is'passed to a wrapup routine. If the job exhausts 
its quantum without completing, it is returned to the end of the dispatch 
queue. If a job is interrupted before completing its quantum due to initiation 

. of an I/O operation, the job is returned to the dispatch queue and will usually 
regain control when the I/O operation has completed. The number of jobs which 
are allowed to p~ssto the scheduler can be controlled by the operator. The:; ~ 
operator may type, "SCHEDULE N"which has the· followi~gL effect,.:based7on~. the 

,value 0 f N:,' " 
.. ", t. I I ~'.' ~ , • 

N=O, i',,: Normal time-sharing-ba tch, I opera tion: 
,·i','· 

N=l .; ,;No further LOGINS allowed 

N=2 No further LOGINS·£rom remote terminals" 

Duri.ng the course of , a; jobVs 'exe~ution, the job wililreside .. in only one.queue 
at any point in time. !·Primary among ;these;:queues~~ar.e,·.then.following:, 

.', ,Run Queue 

.. ~ I/O Wait. Qu~ue" 
" . 

1/9 Wait, Satisfied Queue 

• 'J Sharable Devibe Wai'~ Qu~iteJ 
, .,' , '!' r'(:~ :.- ,':' it t(~ l)rE 

Teletype Wait Queue. 

("'Teletype ·Wa:i~!.~S~t:is·~i~dnQtieUe: 
• ' • ~ -, I' , . ~ 

, \; Stop " Queue., 

I I::, ~~1.~" QueiiEF 



Recoverability and reliability are verY':important parts of: any system. The 
toPS-lO OS functions in conjunction with the following safety features: 
~'~~I '( ,', ,:~. I,! !",l~' CO,','! ~'I,J :: ~ j" . ' .• ,.' t, 

Power FailSafe 

Automatic Restart 

Temperature Protection. 

.... 

If system power fails, an interrupt is generated to initiate a program which 
saves all registers and status information needed to facilitiate a restart. 
If a power surge occurs, a sequence of power-down operations will be initiated 
and automatic restart will occur when power returns. ,Similarly, in the case ': 
of sudden temperature variations, an interrupt is gene'J;ated to save register 
and status information. Besides these hardware features~ TOPS-lO provides at: 
discrete intervals snap dumps, core image and system table dumps, file system 
backup copies, etc. The purpose of these dumps is to facilitate restart and I 
aid in the debugging of system errors •. 

Time-sharing response time is an important gauge of an operating system's effi­
ciency. Current'DEC literature indicates that a uniprocessor system can 
handle up to 63 terminals and a dual processor system up to l27e However, the 
literature fails to indicate how response times vary with the number of users. 
My experience as a TOPS-lO time-sharing user (Irvine) indicates that time­
sharing response time is extremely poor when the system is trying to maintain 
a moderately heavy batch load while supporting more, than 10 terminals. The 
system responds favorably when there are no more than 5 time-sharing users. 
However, when the number of users exceeds 5, the degradation in response time 
is quite apparerit. . . 

In the TOPS-10 ,OS, all software which may be requested simultaneously by more 
than one user is pure code, . i;e., re -entrant. The time -sharing Moni tor, 
FORTRAN Compiler, COBOL Compiler,etc., are all re-entrant routines. This 
re-entrant capability has the effect of conserving core in that a single copy 
of a re-entrant program may be shared by a number of users at, the same time. 
Re-entrancy is accomplished by two relocation registers which allow a user 
area to be divided into two logical' segments which may occupy noncontiguous 
areas in physical core. Re-entrant programs are always composed of two seg­
ments--a low, nonsharablesegment which usually contains just data, and a 

. high, sharable segment l"hich contains instruc tions and constants. The sharable 
segment is' ''write'' protected to prevent modification. 

User-system protection is accomplished in two ways by t~e TOPS-10 os. Firstly, 
a master-slave operating mode exists which prevents a user from executing any 
master mode instructions which 'might impair the integrity of the system. ;":,.' 
Secondly, user programs are prevented from adversely affecting the system or 
another user program by assignment of a protection register to a user program. 
The protection register contains the maximum relative address the user can 
reference. Thus,. if a relative address generated by a user program is greater 

,than t~e contents of its associated ,protec tion register ,8 monitor trap occurs 



and the user program is aborted. Thus, no user program can access any storage' 
location except those specifically assigned to the job. As an additional pro­
tective measure, all re-entrant code is ''write'' protected to prevent contami­
nation by unauthorized users. 

• f'" 

File security is maintained among users of the TOPS-IO system through the use 
of protection codes. These codes, which are assigned when the file is created, 
describe access privileges of the person who created the file and other 
authorized uSers. Access codes of 0 to 7 may be assigned to a file where 0 
allows all access privileges and 7 allows no access privileges. 

Access priviliges specify whether a file may be read, written, executed, updated, 
renamed, or appended to and to whom such privileges apply. Files may be created 
with any combination of access privil~ges, thereby allowing a user to ·restrict 
the use of a file in any manner desired. To insure file system integrity and 
p~otect the user against inadvert~nt destruction of his own files, u~errfilis~ 
are periodically saved on backup storage. This provides the capability of , .... ;!,;. 
selectively· restoring a damaged file ora set of files if a user so requests. 
Thus) the operating system. protects 'a user's files. from unauthorized access. 
by other. users··and 'f~om: ihadvertent: mist~kes:·made.,by, the file. originator· ... · , .. , ~a; 
'!'ri.';' ~. ~"I,~,·r t r.,n ......... _ .. ·1.t""'~~ ... -·-:· ............ -----



Universal Time Sharing Sys tem (UTS) , deve loped by Xerox Data Sys terns, is an : ,­
operating system utilized primarily 'for its time-sharing capabilities. UTS 
is the result of several years ,of experience on other XDS operating systems, 
including BCM, BTM (Batch ,Time Sharing Monitor), RBM (Real-Time Batch Monitor)" ' 
and BPM (Batch Processing Monitor). ,~n fact, BPM is a subset ofUTS giving , 
this operating system all the batch ,capability of BPM in addition to time-
sharing. . ' ','j ',',: i " '; £ ;', :, I'.'" ' 

UTS provides the following concurrent general capa~llltles: 
, , ..: t i: '1' q- ':': i: '1 J 1. h 

Time-Sharing 

Mul, tiprogrammed, Batch Process!, ng',"-; '~'I'i": :~,':'~:-j :,i.\>\' :.f' , '1 ' '" 
, ,'" 1 ,\t...,,, ~.,t\ 

, : ': ~_\~"\;~'if\t.-; '\~'I:' ",' ' , 

Real-Time Processing 

Time-sharing cpabilities allow for, up to 128 users to initiate and access the 
on-line services from a variety of charac ter'-oriented terminals.. User programs 
are stored on the high-speed XDS Model 7212 RAD for rapid access to core 
memory for execution. Batch processing may be initiated via 1) local batch, 
2) remote batch using high-speed remote batc~ terminals, or 3) terminal batch. 
Batch and time-sharing programs are completely compatible so that large batch, 
programs ma'y be checked out in the time-sharing, environment for moni toring 
purposes and readily entered into the batch stream when the user desires to 
run large amounts of data. This removes the necessity for a user to sit idle 
a:J: a terminal during a long run. Real-time processing consists of core­
resident real-time programs utilizing the Sigma high-speed hardware interrupt 
system. Nonres ident modules may, be es tablished at SYSGEN time. Interrupts 
may be armed, enabled, and triggered via program control. ,When an interrupt 
occurs, foreground action, takes place on a high priority basis. In addition, 
peripherals may be dedicated to real-time processing at ,system' generation 
time to insure "the fastest ,response time. ' ' 

UTS offers META-SYMBOL (assembly language), COBOL, BASIC, and FORTRAN ,IV in 
addition to various application languages (GPDS ,:140f'SIM~~~ SL-l)~' ;~"Featt1res 
for manipulating programs include'capability', for:':: pr0.2~t·.;:!n ·cfH!.;·r~'I." ,.' 

,\ , " , 

"; ;" J n',L', C i) in.sul.~(~ f.is tt!T.". ·fc·!1pi)'r.~;:;,-~ 
Creating or modifying source files 

Creating relocatable object modules, (R~'s) , 
'.~ .. ',. .t':"':'! ;"'" ~ i"t .. ' .. -:~~j:~.~·I··I.(I:!t, }.'!l£:::.tt.~,·.'t';_;·:~': ~'.;~I*·;.;.:~'>':;(':;'~~ 

Creating load modules I ," i:,' ,'" ,';:;,:: .'>;. C,!"!'.':;; ),,; ."";' ':;"', :'H ',' .. • 0 

.. ,,' 

'. Modifying object module symbols ;" ",", "".':'" 

. /~ ;.~\"> ~·.-':~t·· .":;.:' {'.~".~~:"'" 

.• ' Load and execute object programs with library· search) 

I,{. Executing object programs under control.'~f one of the' debuggingl,U::'~' .. 
systems :',' , , " I • 1:" ,'. ';'n;:'~ , :q:,,:: 

. '.' , , i ; -. .!: ~" :,.1 .. :"', ' ,. ~.. , 'i. • :. -. \. 1. ~ • t 

Resume execution of programs interrupted or stopped by the user, .. , 
;> , , ,for debugging purposes ",,: . ' ! :' ~"';,./ ~,':-'F' r;,··; ; . .::, .) 1",1 '/ i, ;':!:H.::~1 

\.< :Save core image' of progrsIIl'belng::ex'edute'd 'iuid'!retrievEf"'it"for wJ.l 
~'",,: 'continued execution' ';" ,,~I "" U':II. Fl'tysi.t:.:d. f.Jag!~::: :n:e :,(':.:~ttc~::,~(iU 

• Copy and delete. permanent files. '] 



An EDIT system enables the user to modify files with ease. In addition, varl~ 
ous other processors enable the user to manipulate files and other items 
related to his terminal environment. The file system is device independent, 
meaning the user need not modify his program to change from one I/O device 
to another. ," ' 

UTS operates on the Sigma 6, 7, or 9. We will discuss the Sigma 7 hardware. ~ f 

The Sigma 7 system consists of basically: ,~ " , .. 

; .. . , .... ! ""': 
Memory of up to 8 magnetic core storage units 

A central processing unit (CPU) which addresses core memory, 
fetches and stores information, performs arithmetic and logical' 

"", operations, sequences and controls instruction execution, and 
controls the exchange of information between core and other'ele­
ments of the system. 

Input/output system controlled by one or more input/output 
processors, each providing data 'transfer between core memory 
and the peripheral input/output,.devices, and operating simultane-
ously with the ,CPU. ~~, (': .", ',~ ~'".,!' , , >:" .', L':: 1. \", " ' , ' 

•• , :.,'. ) • 1 I 1." ':. ~ !' :'. ~.,':. ~;. . . ( ; 

The Sigma 7 is a word-oriented ,virtual, memory machine;' ,8 iword :consisting of 
32;bits plus a pari tybi t. ~ :,~,,!, :, ,,', " ",,:~': ,>~ i l", i ",;, ;,',~r ,; ': i: " " : 'y", n:, 

~. .' . ':';1 t ('~ .. ~t i~ '; ". ~ . .1 • . ; . : ""; ~'.;.~ 

.t, ,Data quantities in core'ad~ressable as'l-, ,2-:,:4-,' or,8-byte " 
quantities. ' , : i' I ".1.' " :,-' ! f 

, ' , , ""', '''!~; 

o Memory expandable from 8,192 'to'131,072 words in increments of '; 
'8,192 or 16,384 words.' Reconmended' minimumsys tern' is' 80K.: ..' 1 

Sixteen general-purpose registers, expandable to 512 in incre-
ments 'of sixteen. ' ; " ' .. " ., ',(\, ,-, ri,') :!;-' c,;;"'" f.i f " , , 

Hardware'memory mapping '(optional) 

• Real-time priori ty 'interrupt system with 240, levels., Interrupts 
may be anned, enabled" and/or triggered ,via program control., 

Interruptability "of' "longn!'i,n~'tructions' t~o insure' faster response 
time. - ' , : " "1 ,:' , ' "," ,;:, ' 

The Sigma 7 supports a wide variety of peripheral equipment, including magnetic 
tape units '(7- or 9-track), rapid access dIsc, card readers, card punches, dis~ 
play terminals, keyboard 'printers, line printers, paper tape readers: and~punches, 
graph plotters, and data communication equipment. A typical system might con­
~ist of CPU with memory map connected via mUltiple memory ports to core memory 
modules, a selector I/O processor for handling the swapping RAD, and a multi­
plexor I/O processor for handling a card reader, line printer, card punch, tape 
unit, disc unit, and communications controller with several remote terminals. 

Memory management is done via a hardware memory map. Physical and virtual 
memory is segmented into 512-word sections called pages. Whereas virtual memory 
18 con~iguous ,,' physical memory need not be. Physica,l pages ,are scattered 



throughout core based on their availability. The hardware memory map which is 
loaded into the user's JIT specifies where a user's virtual memory page is 
physically located. Sigma 7 utilizes the "all-in" or' "all-out" concept for 
loading and execution of programs in'core. 

The UTS file structure is designed for utilization of random access storage 
media. Three types of files may be used, namely 1) consecutive or sequential, 
2) keyed or indexed sequential, and 3) random. Consecutive are those which 
are created and accessed in order. Keyed files consist of a collection of 
related records, with each record identified by a key. Random files provide 
the user with a contiguous random access storage area to be organized at his 
own discretion. The file organization itself consists of a system of pointer 
tables. A master catalog of accounts points to the file directory location 
for each user. The file directory points to the file information table (FIT) 
which in turn points to the files. 

UTS maintains a system of performance monitoring to facilitate system measure­
ment and tuning. Results are displayed via a dedicated terminal and items are 

:¥!displayed at regular intervals. Individual installations may select which 
'types of information they want to monitor, which may include CPU use, proces-, ,"J< 

sors (CPU time), processors (number of users) 1/0 rates, console time, number '," 
of users, number of interactions. ; Reports may be generated with specified, 
system functions being measured. Based on this information, a system may be 
generated (SYSGEN) or modified to tailor the syst~m to'a particular instal­
lation or job stream. In,addition, XDS uses a unique hardware measuring piece 
of equipment called ADAM. This equipment enables the user, to measure ins truc~' 
tion utilization, in counts or time, particular routine usage in the moni tor 
(for possible modification of monitor:.overlay ,l3tructure) J . disable. time for.-: 
interrupts, etc. 

The swapping and scheduling algori thm is event (carriage return" interrupt, 
tim~ slice exhaustion, etc) driven. Each job is in one of 29 processing 
states. Jobs are queued within each statee The 2? states are given an order 
of execution and an order for swapping. The first state group in the execute 
list is searched. First in core gets the CPU and, first out on RAD gets ,a.! ' 
swap,in priority. The swap list is then searched from bottom to top for 
first in coret ,which is then swapped out. Three quanta ~re :observed to , 
maximize e:t;ficlency. They are as follows: 

~: :,QMIN-· 

~f QMAX 

SQUl\N; 

Minimum time slice, (may not be interrupted, until this 
time is used); usually SO-ISO ~s. 

Maximum time, sli~e: (may be inte~rupted'before'max time) 

'Swa'pquanta ke~ps ,''job',i~''~~re' until. it has:used,spe~~: 
fied amount of CPU which avoids overhead in swapping 

,o.r;! ~qrash.ill~· f; 

·,r' 



UTS has various reliability and recover~bility features which include: 

Watch dog timer for detection of software or hardware ~rror8, : 
causing system hangup '" 

Power fail-safe interrupt· to sav~ an~ .. ~~_~~~.~~: the 8Y8te~' in 
the event of power .-failure 

, Memory parity error checking 
,~ ! 

Error log 

Automatic system restart or recovery 

Snapshot of failed monitor 

Diagnostic, peripheral exercisors. 
I 

Diagnostic data may ,be processed by diagnostic programs which will analyze 
core dumps. 

Response is a most important aspect of a time-sharing system. Response time 
of a relatively short period of time may seem like an eternity to a user sitting 
at the terminal. It is also difficult to gauge. Obviously, the more loaded 

. down a system becomes with users will result in .slower response time. UTS 
advertises an average response time of 2 seconds in its pamphlet, which, if ;; 
holds,true, is quite excellent.- ,My limited experience with UTS at UCI indi­
cates that the response time is very ,good even with a good number of users 
(20 or more) on-line .. , " 

With a 2S-32K core resident monitor, shared processors (re-entrant routines) 
area "necessary feature of UTS. They help to minimize the amount of core 
needed by the monito.r and swap time as well. UTS has approximately 40 share 
processors which include its compilers. It has approximately 30 nonshare 
processors. In addition; the some 86 monitor modules are structured into 
7 overlay segments to minimize core requirements for the resident monitor. 

Program-system protection is maintained by a master/slave mode concept and by 
keys and lo'cks. In master mode, anything goes (monitor mode). In slave mode 
(user programs), r.!ptivil~ged" instructions are denied. These are instruc-
tions relating to I/O or those changing the basic control state of the computer. 
Also, each memory map page has a 2-bit access control code for each page 
indicating wri te-read -acces s, read -access, read, or no permiss ions for that 
,particular page. Independent of the memory map is the key-lock concept. Each 
page of actual core memory has a 2-bit write lock. Write keys are carried 
with a user addressing core. Writing is permitted only if I} wirte key is 
"00" (skeleton key), 2} write lock is "00", or 3) write key equals write lock. 

File security is maintained by some of the usual password and file permission 
conventions. Files also have an alphanumeric name associated with them. Jobs 
can create files only under their own account number.. Periodic file dumps are 
taken t;o maintain recent'copies of files in .case of system failureD -

",'j()' 



Two large systems such as UTS and TOPS-lO, while alike in many ways, have a 
multitude' of design and philosophy differences. Both systems provide the 
same general capabilities. The TOPS-lO system seems to support a mixed 
environment of batch, time-sharing,. and real-time tasks to better advantage 

'~' !~~~i~~:s a~~S ~anH~~:~:~~ ~T~e~~~~~d~:m:~~~a~~~~i~!!~a~~:n t!::-;~;~~~~. 11te 
36-bit word length of the TOPS-IO system offers. some advantages over the 
32-bit word of the UTS system. A 36-bit word allows for greater numerical 
precision in arithmetic operations. The 36-bit word also allows for the 
storage of five 7-bit USACII characters/word while the 32-bit word allows 
for the storage of only four EBCDIC characters/word. 

Both systems, support hardware of approximately the same access and/or trans- , 
fer rates. The UTS system, however, is unique in its use of a rapid access 
disc to decrease swapping overhead. In regard to memory organization and \ \/ 
space, the TOPS-lO system utilized two-way or four-way interleaved memory i\ /\' 

modules, whereas the UTS system does not. Secondly, the UTS system parti- ':,::'-"-t
DI7

.):, 
tions core between batch and time-sharing operations, whereas partitioning, 
is not performed under UTS. The use of interleaved memory modules is of 
significance, for this allows channels and the arithmetic unit to concur-
rently access memory. Memory protection is accomplished under TOPS-lOby 
protection registers which impose a limit on the domain of relative addresses 
generated by a user while UTS utilizes a lock and key method; which is the 
better protection scheme is debatable. ! 

In the area of reliability and recoverabili ty, use' of re-entrancy program 
.system protection and file protection, neither system presents any distinct, 
advantages over the other. Both systems provide hardware and software 
recoverability mechanisms and insure the integrity of the file systems by 
maintaining duplicate file copies. Both systems ~intain a master-slave -
mode to prohibit a user from operations detrimental to system integrity." 

The general conclusions drawn from ,the comparison of the TOPS-lOand UTS 
systems are the following: 

• The TOPS-IO system seems to support a mix of batch, time-sharing, 
and, real-time tasks more effectively than ,the UTS system. 

• The TOPS-IO as provides better real-time response than UTS. 
, , ' 

:'. The' UTS as supports' the' time';'sharingenvironment more effec-
", tively th,an,TOPS~IO.' , 

.//. ... 



To 

From 

Subject 

XEROX 
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Attached is a very interesting report that was written by Jon Stewart who is 
now at the University of Southern Mississippi. As some of you old-timers may 
remember, Stewart was the individual at L.S.U. who wrote the damaging 
Sigma 5 BTM/DEC-lO comparison report (Circa .1968). He subsequently worked 
for DEC as on analyst and supported the University of Mississippi account which 
has turned out to b~ something less than a success for DEC. The report is some­
what personal and is written to his old cronies at DEC. However, he draws some 
interesting comparisons between the DEC and Xerox Systems, both hardware afld 
software. Happy reading! 
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Te: ALL Geen REBELS (IN TH~ G~NE1r: SENSE) 
.l·'FRCM:

o 
JeN A. STE~·I.I\iHi UNIVERSITY °aF

o snUTHER~l MISS. 
. ( 
\ I 

o sex 2671 SOUTHERN 5TATI~~J HATTIESnURG,~S.39401 
o----.li~·HE_oOADDp.ESSo:o. 7051°-rrlLE:\JJ..\[:::_0·Dq~ I ~ '9U:->S~ ~3 .394-01 

.­
! 

HeME PHONE: (601) 54~-5755 
-_0 rAM TA;'(I:,\(! °T/-JISe?r'eRTlJ:\;I TY Te 3~I"IG Se~E ~F ~v Gtioa 

FRIE~DS ~?-Ta-~ATE G~ aerH TriE x:::~~~ 3IG~A 9 AND MY 
:··-cw~ RETL~~-Tft "ACAOEME"~~(WHAT I 01) AT aLE MISs CCULD 

H:.RDLY eo:: CALLED "AC.\OEMIC"). ALSo l I -1~VE ,H~ lILTERI!iR 
:--ReT Iv-~-r.:: -s-eW .. DING dtiT --THE '--?eTE~ T ~ .\:-F!JR·'·- E~~PL(!'r ME/';T 

eF A~~aTH2:R Goec RE8EL .. ·AND VERY CAPA3'.E SYSTEMS PRaGi-\Ar;~ER- .. 
::°l.oj-I-W

o 
IS' C'JRRE~ITLY EfiPLtfYEO° :-:E~E AT VS~I 3L'T ~me ;~is FC'HiERLY 

ENPLeYEO BY XDS IN THE SIGMA (6/7i~) 3E~CHMARK GReup AT 
1:--l::I '-SE:-G(.rN:)e~~- SiiADt=:S dF' 'Sog o.oGeeD A 'JD-~J3A:-';! ! 

( FIRST AND FeREM~ST, ASHLEY. THE UTS SYSTEM ( ~ew CP-v 
'-. '~:bUT--mH~-TS-o-\~o:, rTIfi G-FfJ rr"tfcfo-- R crt:is E-;;~'":"'J;:J ~("R U N N I NG U T S 000 

. IS GUIrE A G~~D eNE-~ THaUSH IT rl4S A ~EW SERI~US ~ESIGN 
!~--F(A-WS-';';:;'--'PR' Ii1:.RIlY 0 -IN"THE'-MEMeHY 0 A 'lb -F r L~'M ANAGEME"iT ARE~S .. -( 

WH!Cr. oe ?ReVE A HANDICAP (THe\JGH NEjT SEVERE WITH CURREI\T 
li--1:ej,:o f.'W- - ~.EREoOO f-'Aor-r 1 tlf~S ;--rff £)Uj-!T! - THE -SIGMA -9' H t-RL)t..; ARE IS' 

REFRESHI~GLY STABLE C6NPAREO Te MaST ~F THE DEC N 10 INSTALLATle~s 
\. J;--rtrAD-Tft2-fIppeRTU~fITYlei--6t-AReU""()- 'F-a~--AN --EXTENDED--?c:r~-r eo 0 eF .-----

TINE- SINCE Cef~ING HERE If'i (lCH13E~ ;-IE ~AVE PRest-eLY HAD LESS 
i Il--iHAN"-S-'cY-f2-0 He;URS eF°l.:N"SCHEbUCED·-Dew\J~TIME-··( EXCLUDING 
\. seFTkARE-RElATEO PRCBLEMS AND ep~~ArI~~S S~AFUS ). 

il--lfEt-reR 'r-r-~-'NO -oCHAr,,;t.CLoor· P-AR IT Y' ER~od~ S '.\ qe:JUST o fiaN-EX I STENT 
-(WELL, PERHAPS eNE IN THAT FIVE ~eNTH PERIeo ). ~EMeRIES 

iq~cr[J];[CYCFiECI<-PARTrY=:'-SCTHERE"°-oI 5---s"JCI .. roo'Ao-nir·~G -·A,.S A 'SUss -ChECK 
WHICH RESULTS ~~E~ PA~ITY IS Ge~D' AT ~~E END eF THE MENeRY 

( ::--a-us-s,
0

8uraAO-- AT THE' eTHER"-END--)"iALseio

" THE' 'MAp -REGISTERS' 

AS WELL AS eTHER ADCRESS-RELATED PATHS De CARRY a~o CHECK PARITY. 
ll--THE"-bISKS--(-,oEXCUSE--hEj-D1SCS,-_0~"-A"°Ct._0 XEReX ) WE' HAVE ARE -0' 

7262 UNITS ( ASeUT LIKE ~P03ts I~ CAP4CITY, SUILT ay XERUx, 
\. :Z~rf.rl}.~:1Y~l:~J .. ;'f;:GE:R""1:-':;-;;;'--TFfEY·'~'ARt"7T~-H::-0--h£'f.KEtiT Hf..RO~ARE CtJl'iPBf'..Et'!T 

AT PRESENT-- REQUIRI~G FREQLE~T ALrGN~E~T BECAUSE OF ElECTRe~IC 
lJ---c,rtFT-U,iG-CXUSE:O--BY-A- 'C-c'eLiNG-PR°tJSLE'1 ('hcCeRDpiG' Ta F/S ). 

'THEY WILL 2E REPLACED EVE~TUALLY WITH 7275 ( XERex DESIGNATle~J 
:'--OfSKS-; --\-' H-t(:"i°~- ARt· 3"330;;;LI"KE- 0'ukr TS 3~fI Lj 3 Y CDC ~ . 0 - o. 

~ NAG TAPES GAVE TRaU3LE HERE AFTE~ I~ITIAL INSTALLATION 
, :>--r16o°c-e-VI-;-fio-kos-0 }--dlftO-AFiE"R-"-r ':;;-r"Tn~C-SHAKEOEH'!N THEY i VE 0 HA RCL Y_ o ----

SQUEAKEC ·ONCE. 'CARD --READE"RS Af'iD 'p;n 'HEr?S 0 ( . HH"I C'1 o ',tfRE ,0hEA v I L yO 
'( USED-~ ESPECIALLY IN THE ACADEMIC ~ATCH' lAB WHIC~ EXISTS 

o :-~EM{rrEL)""~A't":tlrACCY'AtfeVEo--TH"E--I':rA"EHI ~j"E -RefciM--)-'H'AVEoBEEN MucH" 
MeRE RELIAaLE THAN WERE THeSE AT eLE ~ISS-~ AND THE HEAVY 

1--00t,y- ECf - PR n~tER"'r ")(i::Rijx'beEsi\ t -T- CL 4SS r Fyo'r T THA r ~i\ y, . USM 

'oeES ) ~HrCH ~AS J r BELIEVE, BUILT BY NCR IS MUCH BETTER 
l--e;-uKCIf'(--tH).1r "(fiE -t;)it)~-o·pp.cbCCts-p·~-f~ TEif~:;'--A88UT THE" °ElESY 

( PRtNTII'.G QU~oLITY eF A)';y CRlJt-l PRI'lTER I I VE St:E~!. RIGSeN Cet.j ... 
'-SUtfl:l°oorre,~ HH rc"H-BECAMoE'-A-t-e°STL Y--? R~~fCEM--At- '6lEo -j-:"Isoso. i sO-Nth- 0_, ---.-

. A PR~eLEM eN T~ESE PRINTERS ( PERrlAPS HE~VIER ihAN ~N r9M 
( s--B-UT'-i\fH -r'ftARL '('As BAO-AS- -n-les-EDAoTAPReoUCTs PH INTERS ) o •. eARo' 

READERS ANC THE PU~CH hAVE REAO-C~£CK STATIeNs ( I.E.~ A SECaNe 
;--REA-C' 05 TO£T reN° FeR THEooRE'AOoERS );- r;;E C~~D °PUNCH (FRelH IJNIV.\C ) 

DIG GIVE Mel r I PLE PU~;CH-ChECl< S -- :'iH I C:~ C AUSEO flPER:' T I e;f'.!t.L 
~-GORTEF~:'-'8TJ (-ry'~jAs'8st~r--sLe~oEO!) 'D~hj'J t. 'I):.o-D~ESN' T SEEM TO CAU'SE 

MUCH ceNPLAINT New. 
~-,._o---,ooTHSo-H:::·.Vl£ST'CP'JLiJ~\C-r:·:G-·-hE·'Vf. riA~ ,0BI'ITHE SYSTE1 .. f i;AS A 

l . SIMULATED ( STrNUL~TEO ?? ) eNE-~ 16 3ATCH .J~ns# 10 
1--"IN°E~Sf-rt.F-Ir\G; -AI'IQ 0 7 'GheiSTS~';';- Sbi"IEI'!~~T'tli<E DETt-CHED ..JfE~So i. 

IN ri-tis
o 

SITUAT IUl'! TI--lE SLeh-SPEED =\''0 ( e~JLY 38:;' ~:a TRoViSF;::R ) 
'~~HTCF.-XEReX-miFlJRTUNATEr..Y··-6Tc5--( - -1'!-eR~ER-TfJ . UNDEr.: - Pf~ I CE DEC?,? I 

( 

( 

JUSi cellDS I T HACk HiE Sio:APPlt;(,~ L~/\J A~D LasT T!~IE 
ii- --ExtEE DEC '10;(. '11/;11') or TiJR{n:-ERHEiD~ 0 /I 5TH:: Y R€PfjRT IT", ~JEVF.:t:! 

EXCEEDEC 7% DURING TH~T RG~. I~ fYAT LeAOSrUoy THE 30 
:!-_oUSER °J~6S O( 2 GHeSTSoM~ENECESSA~Y' To O~U~; T,It: SYSTEt'1 ) WERE 

ALL 20K IN SIZE AND CO~PUTE-BUG~) ANJ ~~N rNDEFr~ITElY-~ 
"-r.E-'-;-:J,oT n.-CA-I'i"CECI~ED; - ThE ·Gr3·Pt,"·TuTS--::jE?FaR"<~.~!CEtlfJN I T CR i-' 

~AS RUh CC~CURRENTlY rd EXAMI~E T~~ STATISTICAL D~TA B~SE 
o'--BUrLT-rl\--M~O CiJU:'ECTEO° BY Tr:E-r~C~HT~~·.'rrfE FIGURES \.lERE 

~EPEATAELE A~D C6N3ISTENT ~IT~ FI~AL_J~3 TIM~S PEP02TED 
'00 AFTER n":E °JCGS \"ERE: TE~;-rrj\l:.TED-. °T~ C:j'oi?AI\E i-iITH DEC IT ~ieUL~' 

2E I\E:CESS.ARY re .ADD Tr4E 5 ( ep. S~ ) J'3S ~IECESS,.'.~,( TCJ RlH; THE 
'-a-'\7cr.--SYSTEr-r.---TF.rm::.rS(~;FC":r-rF~"[r~rr~r'rooo T/S-J03So~- '-.0 - 0 ____ '_,. 

l·,·AS o TbU f S. ~LL T~E peR rs ~.~ H;.o T~:::'J ( ~e'A UP TO 15, GeI~;G 
0('::- -Te--co~,_~~~~~~~_H~.::~~~~-r~-·- - -- ~.--":"-- 0 - --o-~.·--------- --- --- --- - - -'0 - - - ,- --- --



-------------- ~------------

fi ~ SuA T G-~ T H i-( ~ U I.i H PUT e;:: T HIS S Y :; T ~ "l r s C L' t T [ F X C E :J T I ~ ~I A L :.: _ 
.' --.- --PRdtL~9lT- T"U~THrRD~ CF fHE -STUOE-'i (J~J3S ,\r~E UnDE= FLAG-- 8l.:j 
· . MANY ARE BIG Jess ( COMPILER AND ASSE~3LEq PPeJEETS J RU~ L~CER 
( :·--Ffc=:Tj\;;-SY:--3at:. -OR ;E x TENOED-Fe~HRAN---IV .·--A"LS:3; --;..' CCaOL CCUf~SE' CF - - -. 

SeM E: 60 DR SO 5T UlJr:NT S ACDED A,.. AJJ I T I :J \j ~L HE A VY Le A D Te~a~C 
t :':--iHE'EI\O- eF THIS' QU,\RTER'-, --JUST FI'llSHSD I. :-lY . 

8Rt!T!-<ER RIC 13't~fjl-l ~T T~E U~IVER3rT'I' ~F H;Jl!SHH': ( l1C8 ) ,\fo.,D 
j~---eFccH.!f-r5EI· MISS'-'STj\TE :--:ew HAS '-t.\ 'tl06~' sa I E)tPECT Tt~ GET 

seNE Ce~F!RMATI~N OF MY FEELING T~Ar T~E sATCH e~ THE SIG~A 
(. ;'s-rS-"A-S-Gaerr;--eR-TIi\ Y '-EvENc:xtE'EDJ--'T,,~'i-~F"' THE·-EX=:C ... /j 

11 a 3 S 'r S T E M - - i'll-·; I CHI N r tY n.: ~. 8 R E: r: caN T t. C T S ~q T HIT ~J A S T\ C T 
'. ~'-'-'RE-hLL'('1HAr I!1PRESSIVE r-THflLJGi': IT MAS A GC~)C ~'L·LTr .. 

t. pneGRAr-:r-!EO BATCH REPUTATleN J. C~E THING'S FER SLqE. THE 
'1--~ERex'~~CHITECTURE IS MUCH"DETTE~ F~~'rHE MIXED TIME-SH~RI~~ 

ANU BATCH ENVrRtlMH::i'lT TI-iAN THE 11:J!>/tl:J8 eR EVEJJ T~E 1110 
"-(~itn-CH--s-or1c fJF·-·yaLr-KNow-r-H;..o' AC'iA:-'JCE' Te o· S-TUoY ~E:FfF~E LE'! 'I I ~G 

OLE ~ISS). OUR USlJAL wREAL" PEA, L~A)I\JG IS 240 J~3S 
'. (6 eR Stl [lATCH STRSAi-:S, 15 TIS J~3S~ 3 SYSTEr"' Gf-J~srs __ 
'. !~rFfTCH-Ati"E-.t.-·CTOA[[,(- :-iElN-r T(lf:{-EX TEf';S r :PiS'-c I KE DA!:::t~e~! 0). THE 

ENCLeSEC ~EWSLETT~R WILL TELL Y~U Sj~~rHI~G A8BUr TYE 
!--CHARACTE"RrSTTCS' (1F'- THE:- L6ADT~G';'- <\i\i[j eTHER STUFF. AC TUALL Y 

. THE END OF THIS QUARTER ( Mlo-FE3~UARy ) SAW 
l--THE--HC:AVIE·S' REAL [eAuING"YET-'~~ T~=:- C~:3eL,' "f .. SSEM2>LER A.ND· 

, COMPILER CLASSES AS WELL AS seNE S~~6~L, APL, SL-l~~ AN 
\. ~AfiATcG-SnnJCAfe;:r.:;:;-A~iD--crp-~CI ~CUTT~A'\iA CYS I S·----·--·-- - .... -, --.---,----

PACKAGEI AND ThE USUAL END-eF-PERI~D ~DPIETC. 
s------ '-N6W--A8r;lJr-T/S-':;:"A~Hr-r ..... AV·E-r-;f.r 'Ct1~?LAII'iTS EXCEPT THE'-' 

t EOITeR ( USING IT NdW ) A~O THE L~:~ ~F sa~E CF T0E 
4--[fSEFOt:"-yeNITCf~-";RELATED;;'1Jn [TTY -FO\iC rr sr-iS-"E. G';; ~: r LD CARo 

t' OIRECrCRY SEARCHES~ FrLE-EXTENSI~~S, RERNAMING A~D 
/ '-PNeTFCTTN"G-FEATI1P.E-S";-rREL·ATTEF\-IIi~ --FU~CrHJNSoARE oeNE tiy'-' 

cepYING; eF COURSE THERE IS Ne FILE-E~TE~SI~NI BUT FILE 
- .-- P'AS'Sh't1 RO"S--,h NO- EX-TENDEO--/.I·;Al:rr~G'· (' UP' T~- j f- CHA~:o~CTER 5, USU~LL Y -
t ~'LIMIT eF 10 eR 11 IMP~SED BY SU9SYSTE~S ) ARE REALLY 

i--HutH-rHi~·E--VACI.:rA8t:E ·!K-t-(t.l'ry·-·~ A Ys'- - AL s!}- ·tHE ·PREVALEr-.:CE eF'THE---
~_ KEYEC FILE ( LIKE rSAM eNLY A ~e~IrjR ACCESS ~EThaD-~~IDELV 

';;-US"E-O-eYADfas-r-'{CC-SYST£f,-P-RcfCt-SSDKs--r--rs' A . l--:eTAcLE' -Ui\;'IFY I:\ G'--'-'--
INFLUENCE Te CRaSS-L~NGUAGE ceM~U~IC~TI~NS-- SUCH AS I HAVE 

f 11---t3EEN--l.hfti--fd "R'A"THER "EXTEf,.is·:n E:"Cy-'~I T~ 3.\ S I c'j APL , ' FeRTR,\!'1 A~D' --...• 
SNOBeL. Te GC eN ••• 

1~--'1) 'C::ENt'RALLY;' -·tlErfEJi~y o~'trJj.G'El'~Ef~1 '"'"c '<!)U::' ·n1'DED1C".t. TEO v l;HU,\L 
l(: ADDRESS SPACE; THE i"iAPPII':G REGISTERS.lETC.) IS t.. ~AJeR 

\. H-PRe'e·CE~rrTFf-urS~-;;-Tf-reU"GH-·I\-e.fr-FART I CU[ARCY CC,:jCERr-.; ING -ANYOf\E-----
HERE AT THIS TIME; tJF CtlUFtSE" THE~~ IS A "Gf:le:r-It- ... 

. ' J ~ /;. '.'---S~ME--~eflD-·SAY dTHER~:jISE~,;,oo'u'JERLA-Y L:lAJEP. hHICH~lA:<E'S- -CO" 

. .y-"': THE 64l)!_ USER ... VIRTUAL ..... \DDRESS REST~ICTr~lI..: ~1'1T Tee MUCH eF A 
q~fiRc;:a·- ~-;--AL-SO, . sef1E 'PRClCC:SSClR'S' -( . E.:l;~' t. SIGhA 9 SIMULA TSR-';' 

nvY) - --. - \( .... _!_~ __ ~}.~~ I~~_ERPR~_E .. Ert wR I~_.E:I\J fj~E~~~_.~~~~D~r._S~N.~ __ .I;!,:~E. __ ~.~!~ T.~.I_r~_o __ .. 
~fl . - 0 1:0 Ii A 1\ 0 rAG J. J\ G • . . '. 

2) SYS1EMS MAINTENANCE IS SBMETHIN3 I'VE NaT HAD TO DEAL 
(I . . '7---W"rTA--NU-C"f -HE'RE';;'~- -BUT "r"" De '\WRK- S EJr1E 'I~ I TH - THE 'SYSTEMS GReup - -:-

\. AND ~y IMPRESSION IS THAT, IN GE~ERAL, IT'S AseUr to TIMES 
;':----aE-iTE-R--f~-AN--S'AY--~!:r t"CI"st':~':'·aLi7PER;';f.PS ',vi! CE AS D I FF 1 CULT :.\'5' 

(. \-iITH THE DEC-SYSTE:M 10; TiJ c DRSP PReCEsstR \.o:!-i!CH .\SHLEY IS 
'l.II-X-WARE-p,L-~31·--6-ELfSE6-te-AQ6-$f-fA-RE-O-P;;WCEsseqS I S'~ P"~es r G DE·AL .. ::-·- . __ ._.---

THERE ARE ~ FIXED ~U~~ER 6F SL~TS SET UP FeR SH~~ED PR~CESScRS, 
«( 1:--'8-0T -·TlU:r--c;\t-.j BE' ""r-1ADE'-HIG}rtNCUGH' -TO A[LD:~ Et.SY ADDITH~;-l eF ., .. 

eTHERS t. T ANY TH1E"'- FeR EXM1PLE" SNe5rL~ flOES I~: t.ND eUT eF 
"- -TIn s - CA-TEG6R'y "fRO:1··t tME"r-e 'r I ME .. ' -A-s-c j E S THE S 1 G ~:... 9 5 r ~liL'\ H~R IE IC. 

{'-"_ IT IS SAFE TO SAY THAT SYSGEN ceNsu~IES t, LeT t-:e-RE CPU 
". ··-·n:FE-n.fA;'l-hITH·-De:C~:;- ES-T-I~;\ n:'s '·R~.'·;G=:o F=trH 45 ~"I1';UTES TfJ ... - -. -.. _- .. 

1 HeUR CF CP~-TIME-~ AND T~ERE A~~ A LeT MeRE ~LUJGEY 
( :J·-S"tEPs-t~~\·eLvED·; '1 t LL"" st -TE~.CH U;G . 'A_N e?~ ~~ T I NG SY S rEHSCtHJ~SE 

T HIS I\! E). T C U ~. R T ERA ~j D ~"! L L K i': tH~ A La T ~:e P. E \.: I-' E ~ 1 IF! N r S H T h:\T 
!:---~iNE-~ 'CA"l\-Yeu"GET ME'-'SCi":E'FREE etC'-tD TI~E sOt-'S'\-!HERE TO USE 

" IT FeR.-cr;M?Ap.rSfj~is ,,'3,\I~~ST UIS?? JJ~~'T SAY t!l~ Mrss • 
. ,( ;~-I-N-G'E~Ei{A"C-6tlTA-(' Trr:E' ·c·c·t· .. ·)· IS"-'MUCt-f 9ETTC:R TH,\~; DOoT_:':-- Ai\C .. 

I FeRG~T Te MEN~IO~~ THERE IS ~ -GJ~~ FaqTRtN-DE~UG PAC~AG~ -
( ( C,\ L LEe FOP I \.j H I CHIS Cl U 1;- E PO \.; ERr U L .~ ~ ~ E A S Y T e ~ S t: ; A ;-;e T ti E R 

;-ASTD2-;-Ci~·t3;_fc--b·E.:nfG·t·Ii'iG--t!~;-~L li.c:-··ls- .. ·.{ej-T -T~~ GREAT i Y!::T, f~UT 
THEY SA'\' THEr.:E ~rLL HE Ml II'-ITERACT!VE ;)EGUGG!I';(i P,"'.CKAGE SCI""C: CA'r. 

{~ '·-Ntlh-·EAC/o. Te' K(j"/'ir1'OP nt,If\:TEt" .... i-:CE;· P·\TCH ¥-'I'-~CAPDf,~¥-..,. r'IO LESS :--I..;ST 
BE READ-IN AGAEN ~FTER R~-LCAOIN3 T~E M3~ITDR FR~~ THE 

!--I'-Pt: II t AfE"'! . ESSEtlT L-\LL Y r-;/,GR I!1..A !'1~N! r~~ I\I-JD' ALL e;::- SYS I'. TI--lE 
(.- . PATC!-'ED cary IS THEN I-IPITTE~: e/,; i4E Rt\J, AND n:ERE~FTE{J ui\Lc:ss 
\ '--p-fn!2l_E~-s-Dt-'rE[ep "-(-t.:t::.r-p-fl-C~i{S--PJ-~t·-~j:;SI)·-) ff~1 !Wi eCCURS 

VERy EF;:IcrE~;TLY FF-'Ot1 THE ~AD. A'!;JT-1S~ nlTEP.t:sr!;'.:c: POINT; 
),.- AUTe~A T I C- ·RECf..WEH IES SEEt-:- 're' ~;(R!( "'::f.~y .. 'ELL, 1'< .\;ltW T ""'_,0 V ... 

SEce~,cs tJR LESS; THliS ALL:=." rAT! t;:3 -\ '4Y ',,::£:D FCq f\ 

- - Oil' S i"! :. F. T I' F.;\ S j"- . f1 ? E it ... T oJ R - - Y E ~,'J -.. ~ s ;-; L::y IT Y :. ~ £ 'r s hi t" P ~ R " T c:-t ! 
· -,: . S Y S T t;:;~ S ? E>~ P LEG [j ~ n A IJ T :.::: :~ ~\ r r C J :r-:? I =: 'j c 9 T (! L e ~ '< A r L :\ Ie:: rt 
· ~_::-.~~._ !_:-,:;_t_~ __ .1 ::Tj~-~.~._ .::.!=-]~~_,_ T ::_';~~..?:... .. _:_:!_:._-.. :.._0 T ... ~~~3 L,..~.~L.~3 ~.J;Y:-~",-C? __ ._· ___ --_ 



D~~~ wc~~ A~O ~~U~Ll~~ IH~IWlIH T~~ ~~QuiHEO MeT~~-G '!ERlT~R 
'--'SET -I",EA;;S'·TH;\T ?~,.J:::~ 'F'\lLL?~S(~V::'l'T-4::: U? :;U[l C'c'lw~~ P,D 
' De 1\' 'T R:::' t. L L Y C ,.... US::: t: ij C H C C 1\ C E f~ ~ - - w"'i 1 C~! ',': t, S ~: e T ThE C S c: 
:-';-AT· CLE 1'":15'5- CUi=\rrjGTHE"STCR~lY -SEAS~''J.-··-·-

3 ) THE F I l. E M M-. ;. G E"'! E ~ / T ( I. E • J . PIS < 5 :: R V I C F. , I=.: TAL ) S c:: E r~ s 
::-G{JrTrr~-FCtX"reCC::-AS -F'A"R--A-S-- C{JN'F I GU~ A T I bSjS--Al~D PM" A~E TERS 

GC-- LI~E O~E aIG PU8LIC STRUCTUq~ ( ~y!CH SINVS e~ S~IMS 
1'-- TeGETrEfi ... ! --) i-·SUTj' -uTllER'-THMl THE :lCCA3ItJI'IAL Ht.RD\'It,RE 

REt-,LIGI'ol':Ei'lT-- AND Scj~ETlr:ES ACce"!~'\'IYI.~;G' REFRPESI; M~D 
--RE:STBRE'"j·- ThERE-H:WE 3EEN--VE~,(FEii ?~~3l£MS :.JHrCH t.::::P.E 

A P P ;\ R E N 1 T C THE USE R S • I H A V E f-jl, ~ e -..: :: F r L E L Po S T S I 1') C E rCA r ~ E 
;--HERE-Frvr~eNTHS--A-G(l;-·'-Ar-:D·nAVE- N~ r-;:f:,,·)'--n:'-SPEC IFI CALL Y 

RECcvER ANY FILE FRO~ THE aACKUP rAP~3 ( SINCE T~IAT a~[ FILE 
' . . DID l\ IT-8 e ThE R 1'1 E A i-; Y:-1 1\ Y J. C R ;'\ SHE S A ~ EVE R Y H: F P. E U U E ~ I T ~\ N a 

THERE IS AN AUTOMATIC SPACE·PErCVE~Y T::ChNIQUE ( CALLED ·HGP 
----RECel'. S T f\ UCT -.:. . Fe R -II HEA DER - GR M..;IJL E P L\ Ci( II - ) \~H r C~ G:;TS e f, C": 

THE LeST~6LeCKS WHIC~ NIGhT RESU~T F~~~CRASHES, AND AT V~Rleus 
:·-'ifn';E~TnfES--C-·OURrNG 8eeTINGt)R·--~P€~ATeR RECeVERy j THEf.!£ 

ARE 6UILT .. rt-= CUNSrSTENCY OiECr<5 ;':'-;I:;'" VE~IFY THE I~iEGRiTY 
eF-Tl-1E--·Frlt·-'SYSTE~1;- SINCE- THE EOITe~--·JSES ·KEYr~ ::-IlES~ A\O 
I S UFO A 1 IN G L rr. E n Y LIN E , Y fI L; ~ E L :> ~ '1 L e S E ,\ ~J Y T to I N G 1.;;'; E ~ I :.. 

-CRASH-e-p·-AliTa";RECaVERYOt'JES eCCUR~ ALe 'aF' THIs Ce-r.:nn6lJTES 
Te A Ml;CH HeRE sr'4StE SYS1ErI ....... ES?:::CIt.LLY T6 ThE ur.StlPHISTICAiEt:) 

. -CrS'E9R • ---'" -.. -- .--_ ... _. ....... --

4) FILE SYSTEM,THR6UGHPUT HAS NeT qE~LlY ~EE~ PUSHED 
~---HERE--A r-'Al..:C·;;'---AND --r-CeUlbl\-fT- -GUE S S '-A'T--! 'IS UL T U' ATE PcHENT·r to L 

HAVI~G CBSERVED eNLY VERY SLew DIS~-ACCESS RATES;' UTS DOC 
l--i5efES--Cftn:e:--r-tm--j.,;Ej--,-- dPTIMIz-AtrEl'i· ~\'<). FILLS· UP THE'tj~E· ,. 

'PUBLIC STRUCTURE FReM e~E END GeING T~AT AWAY ••• se PReSLENS 
:---o-:~:r---eccm:;-E\rE"7;r''-;tr~--r.[rTFrrrLE-ceN T E"~ rr :r'il-;--~CSe;--TF-'ERE --I S-Nc"-' 

OKSPRI se E~ERyeNE SEEMS Te GET EJ~ALLY BAD FILE~SYSTEM 
'--'"RE-SF-eN"SE--~1HEN--S6/'ie:Ti-;-njG-'"¥1E-IRD·- :HJD--,.jaNDE!;FUC-IsGe ING· CI\';' .. 

1 HEARD FR~~ MICDLE TENN STATE UNIVE~SrTrES THAT THEY EVEN 
'---eaSER\'-Ec--S-efME"-['TfiE-P'R rNTER"'-SLClwew'-r- DURING A- ·8ENCHMARK- ,-- - --

'RUN 8Y XEROX ( \oiH r Ch I UhCERsr MiD DEC r"I~N HM~C rLy I BUT ' 
'--"FreKE"'fWrrC-Gl'·I7Hc-SO-S-n1'"E·SS--,,-F;Y-\:;AY-·-)-";";;;-:·i;jRICH 'Ct~UCb-HAVE--Ht-tR-'----:----'· 

DUE Te THIS INABILITY TO GET ANY )ATA TO PRr~T, AS5UMr~G . 
Sy~aleNT SPACE ON PACK. 

; 5 J t\e1-r.;-wEl'AC'CAocJUlClJElJE-1fA"m'GEME""\IT-AND·-S·Ct-lE '·M~RE·--MreUi----------:' 
BATCH. A~D I HHPE CHUC~ ~'TeaLE HAS ~E~Ll.Y G~T T~t CLD ~YSTE~ 

l--"Sl,{ThGTKJ;~B-,Y -,~N(n'G',:ti:S~HE-'-DTD:--A-r-:F.ITTS,30R,GH! . ,:rT" TS,N£RY~,IC-E· ._, -, 

Te SEE, bEAR} FE:::L ( riHEN Yeu HAVE Tt~ OE.:\l H! TH 8.\ 1 cr.) ~;R JUST 
=--·Ci"E'r-r--"LIS·T HiG--r-n'lMEO IA'fE- RESPt~ISE ~--T-1ERE -JUST -',M~E~' T A-:;Y·- ., '.--
D~LAYS feR UTS QU~UE~MANAGEMENT ~u~clr~~s. SUBMITTING 

:-ntrA~JeB"3-rnCM--ef\rrTERfrIN;:l'-SLJ:rr~'IrTEb--"JfJB·-(-Te·'-G'E-T--t,---'----'· __ · , 
Le~"'CING ) RESULTS WITHIN t.. FEh SEC(j'JDS ( SAY 5 ) 

r-- I I'C-f6--STRE·Ai"fS-OEI"NG--FIREO--UF;';'-;';" ~!'i;:::'l .. TCJE'·CCNTReLS- se·· ALLdi{: 
~ATCH, Ey THE WAy, REQUIRES ke 'L03~N ( A SMALL SECURITY 

!--a-REAC"f-F·:: -S·t l\:·CE:--A}~Y~':-~~-- f<"Ne1=;TtiG- A cc·'·J~t--iND"- NA~fE-·Ct."i - -Ct1G't'N _ .. 
UNO E R THE SUP E R - P R I V I LEG EO: S Y S t. C eel U ~lT .. - NAT U R t. L L Y STU DEN T S 

---rrrsn-V~lJIHrstrY--Rt:·ADTh-G--THtTe;~r RA'l--D·eCUME~'Tf:T r ~~~~-·''''ELL ?? -'-) ,-, 
Ar-;O THE~E IS II DED I CA TED" S'r'i18 I aNT ( SPeeLER ) SPACE WH r CH 

-":f-fer'iE\/ER--b-VSRFCEj',;rs--FRaM--R't;b--Te--p';,c-.c-n:'--~Eou-r RED ;'-- -- .. - .. - -- ----, _ .. 
GENERALLY PRINTING AND CARD READI'l3 eccu~ INSTANTANEOUSLy 

--wiiEN-.RE:"--A"?PRoPRTA·TE:--OEV rCE-(s-f--A=r::--·.r~r-~ THEqt~ t SE:--3USY ~ AL:se·· - - .­
FReM AN 0PERATIeNAL peINT~OF-VIEw oATCH HERE IS MUCH~ 

lillC'"FrSTYP CcFrTFrA~~D"E"c-VER5Te'\f"T-1t -0 -'S-;\'Y-' ~·e'(lUr- THE·' ---- --- --_. 
SANE FACTeR AS BETWEEN SYSTEMS MAINT~NANCE eN THE DEC 10 

---ANc·--nn'f· 3-6b-/370- -0 S-7 \(51 /VS2/V~f;-;'-.··· ). 'I 'I" eTHE~ -~ep~s I I T IS 
peSSI8LE FaR AN IDIaT Te ePERATE T~E SIGMA 9 C6MPUTER-~ rT 

---rS--A- -QUrET-~aKE--HC:RE'"-TH:~ r;-ClN e-CC"A s ta 'Ii· TH IS·-HAS· ·~c TU:' Ll Y 
BEEN a8SE~VED C BY THE GREML r NS A r \j I 31 T ) .. HID I l(N~\o: FtJ:~ f. 

-F~-CITF.:.rTHrS-·E"A-SE·;;er-·f)PE"R"ATI t)!oor--~v~JUCY-HAVr: HElPE') 
IMMENSELY AT alE MISS} THeUGH U~<FeHTlj\j.\TELY ~~eT StlLVI:-.JG ,\LL 

·--T8£-I'1 ?f-:03LEI1S~ . il.')" ·,..1Ai<E-· ~\ -U~f\;G- S r5~{ S\.jelr~T-"" -rF ';;-)IJ H,-,-, VE r;! 
HAV~_8~TCH j ~NO THERE ARE THOSE Wrla SAY "YES~ ) THEN HAVE 

'--IT--G'c:'O'C'-;--F-AsT 'Ai';~Y' Er:FrC!E~~·T --srj·- t~A r - ~ P-lERS CM:'- GET' ,-
so MEW e F::< 0 eN E •. ~W;'>4 I TaR (J v E R H E AD J ~J ~ I \j 3 J U R P E H~ L::', A DIN G 

'TKE"S-~-1rCFt::rAVE--SEt:N-DP-AReUN~r-)O'';'80Y· eF·· THE--- . ,.- .. ' -- -,_., 
AV~ILA8L~ CPO, \-lITH CoNSID~~ .. \3LE :":JST il,1E QUF.: T':.' THE 

'-·S[e'~--R'At )--H"t.S NEVER· EX-CEEDEC" 10·/:-';' iH.\ r lSi St.fAP;-, I,'JG I 

SCHEOULIN~, I/~, TH~ S?a~LERS ALL I~CLJaED. CF CUURSE THIS IS 
-PARTLy·CU€-Td' LOU-~?U~R~CGIREM€Nr~ F~~ I/~ S:;RVICINQ 8~CAUSE 
eF A DECENT MULfiPLEXER ChA~~EL. 
~TH ~rS· --S-Ch E Om':E rr-[ CJ t; ~S -. A'r-:..- -?·A ~A -:'] ~T E R--C A LL ED 

THE UATCH-~I~S-- 4HIC~ , HERE, r~ ~L~AYS SET TG F~VO~ 
·TI~ESHARrNG- .. - Tr)· 3EI"THS- SEST -RESp:J'IS::-pF!SSr8Li: F::i-< 
T!MES;.~, .. Fri';(i. H'J:";E:VE~-, ~!-i:::~ l~,\rCH 3r~S IS 3ST THIs :.;t,y ,V;C 

- T~£R E- -r s . A T I MF.SH .... R H~G '.,jea - \.; ,.\: .. TI'i'3 ., r .-t=:- CPU 'r T SE~~3 

T~AT IT ~!LL ftLWAY3 J~r IT FI~ST~ SJ I STARTeD u~ A J2K 
-U-;'-STc-:-r;-a--:;:,-p.TC·;C!:Li.'ID---Jl~ro-<:e'reTG·i.~-::'15-rr- S'EE:-1S--TH~-:-T ·TbE-- -.-

e ... ·ich S';-STC:.~ SC;;'E€Ci-:~O Ttl A "i-1~lr." :"'::U_I NEcot::::n T,] :3':'y. 
-·-3 ~ :-s:7:~·r:~ G -;:. r!-t: ,- r "',, =: --r·~· -3 = -::- ~,,,·c . -i ~ ~""~--j'.,:, ,oJ' r-·-;: li,::- "jt f 'I , ~:. ~.- ,. -. 



- .... .\';'i;c: CP-'·/ H\S ALRS,\'J), A00RESSC:.J T,nT ?Rt13 1_?t1. U~ GE,-';£R;\L, 
~'-'C~,\Ti'ARY' T:f ~y ("'~,~~. ExpE:~rE~~C;:: '~ZT-; ~):::-':-10 ~).'rCH;' :,';:-1IC~' r 

FUTiLELY TRIEO TO MINIMIZE) THe: c~~r~~LS FeR B~TCh UNDER UTS 
,:, -~]. t~·E--l. tJ fTi:.:--(}-b fj b--. - L:J'G-(C-iL-P-~\-R off Yi("~ I ~I :i---";~ ~ ~ S 'J t(R-Y" I.i::: L L . - --

FeR Po ES eui~CE A LLCC~ T I ar-i CO"i TReL -..; "'JeC ~NFL I CTS- ·C AN . AR r SE ,­
FeR t~ULTIPLE T.\PES) ~1ULTIP'-E LAR3:;: j~ CPU-Ct1'lSL!;-1,,:,-.3 JoBS,ETC. 

'-S'!;\CE'-n:;E--C6G .(t::-A'[" P''\~~'T I T-n~,~ ri~t··A:-b-·A-CCcf\.:ED ~;UMBER'" ~F hC rIvE" 
STREAMS C~~TR~L THIS ~urTE WELL. 

--7)--Caecr..:. PRdl)lJCTItH.J EDP'IS qUiTE Eri=ICIENT (RE: HOGAN S'TUCY 
, eN THE C tH1 ~ c: ReI A lIN S T'~ U C T r f..' i ~ SET ). ;.; y ::: R E h S . ATe L ;;: t-l I G S 
'. -'( ,.; I Th' "ePERi TeR ANa -SYS TE,':'!S PRC(;R A,"!:"1ERS~,iArUS, EP'. TeH l3e~Ip.-eUTS" 

CCUCL I~EFFICIENCy, l~RGE C~~PIL!~3 qJ~S-' 6CK PLUS F~R 
, :--n-iE'--,\C'ceOfJfI'NO--sYSTEn':'-':;-;C LA --b},'i'E -'<~~--JfJl-'H'! c. f, C~l'! F.-- alc 

I MISS A~ya~E?~) IT WAS FAIRLY R~JrI~::: F~R E~O-~F-SEMESTER 
'--ACCeUNTr~G, srUD~~T ~EC~RCS.ETC. r~ C~~sUME ~o-~cx SF r~E CPL 
~VER SEVER~L DAYS RUNNI~G, I HAVE YET T~ ~BSEPVE MeRE 

--"THAI', -'A6eur 1s:~'CPu";LiJt\DING bOt: To T;..I:: ~DP Gqf}tJP~E:RE eVER' 
A SIMI L,\ R P E !\I{ ... U:'-\D PF:P. I f}G, P~D :.'3" I 3 L;\~GE:P. pi 

--EKR"e[Cr.~~T--f3 Y--A--FEw'::'HUNORt:'o --ThA~:'OC.E'1! SS;- SUi NeT DC! H:G QU r TE 

AS MUCH EDP DE~ELUPMENT WeRK; ALr~~05-; THEY De HAVE A CUU?LE 
,-. eF--ek';L"lNE-ADMINISTR',\TIVE APPLICAT~a~s Ur\DEt::!\~AY ( AD:'1ISSICi\S 

AND PERSJN~EL ) Al~EADY. -
~--"8 }--- L'Ai\'GIj"AGE PRt1CESSORS;- -U T"r LIT I ES M~J- - THE: AP?L r C~ T I 01'- S 

seFTwARE USED AT USM se F~R ( SL-l) 8I~~EG, CrRC, GPDS , ~ThERS 
r 'c-HAS-U-EE ~~Ge co- -Te-EXC-:::CLEN r--n-;--m:r4 ~-n· Y-; -" E R Y-- S TAB L E'. \oj e R K S' '-, -

AS DeCW:ENTED. VERY GeeD c eCliMS::1\, TAT IO\l ( PERHAPS TH~ 8ES T H~' 
1I--'TRE--rNO'CSTRY-'Fe;fCTHE--S-CIEi\:TIFIC -USER;''';--:--Usr BE T!-J€ SOS -GqeLP ) ~ 

I HAVE PERS0NALLY US~D FL~G) EXTE~DED FeRTR~N-rV, DELTA, FOP" 
!'---PCL---(-['rKE'-'PIP-Ti--TH;::IR-"eI\E--EDITt'I~ 'CE6IT--I~--BASIC" .~PL" A!\C HA" 

YET TO FIND A SERI~US aUG Ih ANY ~F T~E~ ( eTHERs HERE HAVE 
';:-ceKFCATj\EDtrITTEtn.:Y-J\-B·!}U'FL~.-~-.---rHAVEf'r' r-USED · ... 1 T MUCH ) -;_. 

FLCYO~- XERex APL IS EXCELLE~T! O~NIT LET ASHLEY TELL Yeu 
;1 __ tHHEF<t~rsc; 'CtiVE ,-H=:NDERseN 'SAYS--XERE)X -c~~paPATE REI\LLY 

OCES USE IT INTERNALLY FeR THI~GS LI~E FeRECASTING ( DiD 
a---YeO-tYER- -HEj~R--f'iHi\ r -H'\PPE~;£O- jtj' THEMtl =i'1fjN' CHURCH ..... [J r 0 

THEY Ge WITH XEReX? ). APL Reer SEGME~T IS 27 PAGES ( SAY 14K) 
.l~.-ANO--.cTt1AS-F"eUR-eVE-R-C-AYS-~-LC-5--P~.fGE-S--~ q --CESS-.' -r r H.\S -AVERY ----... ---

Geeo FILE lie PACXAGE ( BETTER THAN THhT eF APL~S ) AND I~ 
,,':---TffE-- R-E-CEtfr-REC£-t;S€--H4-S--X-E'UILT:';!'J G-:rAPHIC~r FEATURE:". FUR USE- . 

WITH THE TE~TRCN!X ~Ot3 eR ~010. I AM BUILDING A GOOD APL 
"--TIBRA R-Y--( ; i:iE"b8 N 'T '..H AV E -'i,e 2'7:4i"'( E r"t) In'xp~ £) X" DeE 5 -'SlWPC f-q . 

THIS TERHI~AL AS ~ STAND~RD ITEM-~ F~E::~~F~CHAPGE ). SN~BeL~ 
"--W-A--s--etrrAn;fe:'a-FF.a~£r.T-;-TARCItirGTCN--"ANb-"l r--r S f!'-I(. BUT A ~E~L'-----'-'--

CPU" A~C CeRE-~URNER. I'N NeW.CO~VERT~o Ta SNeB~L F~~M APL 
:';---AKO- -}~EJ';C' -t'ff.:~lrA-LS - A T·-HGME--·!·I'Y-G-EC·";; .. - - ~r --:aURSE J '6 ei3 'GeOD REt-CHEO-
" THA j PO r NT EVEN EARLIER ~'i I T H CeE tJ~ .. - aUT THEN I f'.;E'I ER. £iEL rEv EO 
,: -- HI if- ETTHER ;--At-:D -H';1\-1' S 'CARel- - C\ . JE~J'-J rFE~ ;.;~ ; THEY S!-ieUlO BE 

8E eK hHEN THEY GET WARhED UP AGAIN--. IT DOESN'T TAKE LONG! 
l:-ACS-cr;-rffEtH:rS~erGr.rCnJKEPcrcE~rE7':r-Fa~-RUNaFFt--"TEXT"··-rS'-·VER--r----' 

2741 .. 0RIC:NTEO AND~ ~\ i A Q!JICk GLA'-JCE, ~~ETDS 80"'12 HU:-tAN ... 
Zl---Ef\-a rKEERTNG".i-- -AS -0 ElE-S'" TRIS - SOTTeR'i- - ~H I CR -r s . CERT A, I/'iL Y 

f\e ses" eR EDITS ) •. FLElYC, CAN Yew GEi HE THE APLSS 
H':- -IlS'US-';CTf<-£-'I--EDITf1R--l-rRITTEN-rN- --.. \FC.7- rS--1 i -prH'!ppj Er,.U~Y? -. 

'" S H LEY _ .. t. LSD -.. HE '-P \.J E 1'1 E E 0 ;\ LIS? c a? Y e F Dec TOR. . 
l~-G"eT-ueCTtlFrFeR"I\Tl'1tlT~rsr'Jt::ccrc-VERst:J'n- FReM --U-;-"eF- AR{Ztli'.fAr-----· 

.BUT AS PREVIBUSLY NaTED IT'S A RE~L 3U~NER. ~SHLEY & B~3 G. 
AN SE~DING A SNeB~L~ RUN ( WITH c~u Tr~ES ) WHICH Y~U MIGHT 

: --frARTI(JCHE~eUTl.;~""Rr;rOTO~-H2 \fD E RS ~H-J-S-V ER S I e ~j-- e F' LIS P -- -- -- -
SEEMS G~!TE O~OO~- BUT I'M Ne LISP H~:<ER! 

i--~¥l'-~f\-aTE--"'--lF Y()u-GEr-THIS rARi'" I(£:EP -REt.DH~G." .-i •• -. 

ENelGH ,\SCUT SYSTE1'IS Car?;\RlS~~J5. I'LL AE DeIt~G A LOT 
l--6F-Th-Ar -n-rr S -QUARTER' -IN -THE' -upcenI 1\15 -~PERA T H'G SYSTEi1S --

ceURSE"- WILL ~EEP YUU POSTED AN) ~~PE Y0U LET ME ~Ne~ Hew 
:--rFfr.--OEC;;'TO--TS-PR5GRESSTN'Cj';';;'--YEJlj-·NEVER- i(~;e~ri ' rHA'Y--WANT -Te8LY 

Ci\E rCln r~Y CE.ii1PUTE~ Cat~t-:UNE se~E o,'y. I OO~lIT £XPECTHJ H.wE 
; --'f1UCH-~'D'EA-L1NC;"H"1 nr eL.r;:--lHss --C' FOR':13 v I:J JS REAStHiS-... r N THE ?,E ~ R 

FUTURE ) BUT 1 De EXPECT Te RE~ESTA3LISH UNa ( New CFFICIAL ) 
;--~.:CGUAINT).j'ICEs~,n:[)· -CtJfITACi'S ~-"~E -H:;', ~'s :r'!(- 'T ;\U: P;:cr: XE~L1~' -

THAT THERE j"I!.Y 8£ A SIGMJ\ 9 l.I6RA=tY SYSTEM ( SPECI!.L FUnOH-;G ) 
!""AIT1JC-hXcuNTVER's:rrY~;IE-1 RE--NAVTfiG--A---5CTE~jCtFt~ r R DAY - (--:'?R I L - .. 

19 c: 20TH) :;r-:o, SINCE TH~RE ~IILL S:;: l'mUSTRIAL EYf-narrs , ! M-'t 
-HCPIKG-'e:'H~':-UF YtlIJC"'~ -GRI\8 'A GTh'O -f.~JC' COTS OF HM;D .. CUTS ·f.r-~D 
CeME DC~N FUR A FEW D~YS-~ 11M SEqlQUS! I HAVE Ce~TAcrEO 

-T!-H:::'-XNe)<vtLLE FJFFrCE--C -J2RRY Rt~B=:=l :-sa'r-r-AsnUT -TH!S .. - l.EFT' 
A NESSAGE-~ He~E SOMEONE llILL CO~E~- ~E Dn H!V( A caUPLE 

'-CF""--5t-G\(C-C(JrPun::t:r3YST:::'r;~rUiiuEH--:] ·~s r-:Y::·=!-.!.T nn'--;:FfrCHM I (iHT- '3=::-- --- -" 
eF H;TEREST Te DEC-" ASGlJtl!;--1G THEY srILL t.::'~:T TO 90 aUSIl'iESC] 

--I~ ThE'"SL\Tt·:· 1:( tlISSISS!ppr.- l-sH:..::':'~ :~J~J'-O Yt:U' 
B~I~G A TURTLE? Ynu WERE HIGHT ~~aur ~~E ~ISS-- TH~T'~ JUST 

·~'~!-'t.T"T!-<EY r,F.EOEi) rd T~;\H;Ti-iErR'S,(3rE"'3- p~eSR,\;·1:'1EP.3. 
:t(.·'H,>/o FLRTHC::H :·it.!iE-- C:JrK:::;~":pjG O.\IIE -1::\llJ€~S~'t ..... ~ 

·---r-;~r'iTcc~rc::::{r;r)\IG!)XlJr:'r-r::-~jtJE~5"~'r.-:;-~S"J''":"~-P;-·E~TcceSE;)" -Li t"Tr~;G~--
.. ~.::J-r.--='_t::!lf .... lIo4~:Jv ..... c ... ·T':.! ... rJ'=rtC' .. 'TT',I.::'" -r" ... wV J'4::)-r,.t,. ... "' .... ,_ .. -a. ...... _., 



." .. ·~T~!E" G ES r - dF: ·~Ti·~~ SY-~~·TE~S ,- F;Re(i~~ ,\FM·~·~·S· ··-~-A\jE ... ~·FJt: ~~~ .... ·A~ir) STl~D ~:::O 
'n-li1E'!'! THEY \JERf::l'l'T ~'I!'TCH!~lG!). C_::l\q Y A. LITtLE ECCENr?lC 
-'..\1'.0 Mi::dELt~rtJUS·,,:""Sr;:Ei-:3'A3 ri-:eUGH r ~ .\~D THE: TEP:", U"'HM.'!'G:::-\;_~LE 
el\cc: eR T'oHCE, CeULDN' T HAVE BE:E'I AT D::C, TH,\T f~:'DIC;\L 

:'-cer~p A~i'i"~r:SU ;-'-O',"VE 'r!A-S-"-A--V~'f-fy'-G ~JD"". ~:>L t ED M:D TH~FJ~ET r C.iL 
~ATHEMATICS BACKGR~U~O-~ !T ~PPEA~S T~~T VA~OER3ILr HAS:' Geeo 

"CGi~PUTE~'-scr~:':'CE P!::t~,3:<:,t-! -"·M;O A~J .\~4.rEUR'S P.TE~:::'3j IIJ . 
N l! r. LEt, R P rl't' SIC S • r TIS rl Y tl P ! r H e :-J r H.'\ T D ,\ V E i·1 C U LOU E A BIG 

-;'SSS:T ft- Ar-;y tl~' THE: 3YsTC:i!S' OEVEL::lP."':::'lT GROUPS r~J MAY~Il,f\O 
tCF.:C .... 1C dR !';t-1ALL;:;:R SY3Tcn:J I .. I' v=.. C::I'~jt\CTEr1 ~!CH:\R!) i)D~'iELL 

- -"(r-:t;i~--I~;\'-Mlj.iir -AS- rH:l3T eF-'YeU i<~.eW ) .!,\jD HE IS CIJEcr<rMl CllT. 
Ir.E PIT1SiJURCiH AREA THR~JU(iH f'i,\Ft=" ;::L..Lrs. f)~V~ !~ INr:::RE~';TED 

; II": LE.AVING .HERE: sy' JU~;:: 3u7~ ( HI:) Ca~.JTRACT EXPli-\ES THE~; ) 
A~n" Ttil;Ur...iH He: p?E~Er~~3 THE SOI.l7l-1 ( IT !S ;.tARli" Yet; Husr AC~Lj 
THAT FLUYD! )" HE OGES~!M'; T Td GET CL:}SE Tt:1 M·JO T,',KE SO:lS 
C E U R S E SIN AGe G 0 C Ci-JP IJ T E R SCI ENe E (j ~ A) U:'\ T E PRe G q M! ( C n IJ I 

;·'-·r.!T;c.::A-st~-'THAT-'TYPE-CF-PLACE);-Dt.\'=: .;!.s HHr::i-~EST 1>1 g~TH 
ePERt. T H·.G S YS TE1'1S A~!9 Lt.1'JGU'!' GE P r-(!jCESS eRS. HE CERrA I r4L Y I(!\:C ~- S 

'-"-"·urs ·~'ND THE XEr\clX sysrr~ns seFT~:'~~ I'iSI~H.": A~m eUT- .. MUST r3E 
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Thematerlal presented here1nwas gathered from var 1 C?us 

publioations of Digital Equipment Corporation ,and Xerox, 
: .!.; .... , ~.":","t' '1: : .. ,~:~.,,., \~' ;:' \~ f ,J,' ... :'~":' ", 

and from report or rumor by,various 1ndividuals associated 
.~. " _;,,' ,., " " .~, "I ";': 't.: ~ .. -"., ,-,..:. -'~ ' .. - ~··~t· .. J'. It', ,-, 1.. .. "- -

with both'companies. , 
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I ',>, " 

TOPS-10 s mnemonic tor the Total Operat1ng System for 

the PDP-lOt ie the operat1ng syetem wh10h currently rune on 

Dig1tal Equipment Corporation's DECsystem-10. UTS, or the 

Un1versal Timesharing System, is the operating eystem which 

runs on Xerox's S1gma 6, 7. and 9. The current etatue of 

both of theee complex, yet modular, pieces of software' 1s 

the result of about eeven years ot etfort involving design 

speoif1oations, ooding, improvements.,maintenanoe and redesign." 

UTS, wh1ch was released, around oO,tober, 1971 t seems to have 

, evolved from other Sigma ope~atlng 'systems,' namely BCM,' BPM,' 

, RBM, and BTM. TOPS-10, which ehould now be properly called'" 

,the DECsystem-l0 Monitor. or the DEC-10 Monitor, has undergone 

'rather modular c~nge8 since its inception in 1967. "The new 

name for the operating system was g1ven when DEC included the 

V abIlIty to handle the'new KIlO processor and, dual proceseor 

systems. However, the,'name ,TOPS-10 1s still widely-used, and 

I will rise it here~ 

. As' r,ar a8 general capabil1 ties t both operating systems 

ofter batch, '·time8harlng~ "and rea.l t1me.' Currently, I've 

heard that UTS supports single stream batch. since its multl­

stream batch isn't out yet. 'The DEC-:UO Monitor can support 14: 

job streams under'MPB, short for Multl-Programmed'Batch. 
, , 

'which hS.a been out for, about' a year and, a half., Real time . ,.>~~ 

jobs which can be run, only in 'executive mod,e ,under UTB can.' 

be: run either; 'in, executive mode"~:"or!'"user,~:mode:.,under, TOPS-i0. 



Both systems otter t.1meshar1ng capabilities tor up to 127 

·users. 

In addition to the above, TOPS-10 also otfert!J remote 

batoh taol1itl'es, whereae UTS does not. With the 1nclue1on 

ot remote sottware in the op~ratlng eyetem, up to eight 

remote stat10ns can be hand.led by communicat1ont!J through a 

PDP-ll. Each of these stations 1s a PDP-8/i which can have 

's card ree.der, line printer, e.nd a concentrator tor up to 

sixteen intel;8.ctive.terminals. 'Cur~ently,·'there are f1ve 

'DECsystem-10ls with remote batch stations.' As of January 1, 

',1972, it was rumored that about ten'installat1ons were,running 

UTS'and over 200 1nstallations were runn1ng TOPS-10e 

The hardware oont1g~at1on~ on whl'ch thes,e two operating 

systems function can,vary widely •. The DEC-10 Monitor can be 

on a dualpro.ceesor system, and it can r~ either under a KA10 
I ' 

proceesor with a·maximum:memory elze ot 256K words or a KIlO 

~~~cessor with & maximum memory size ot, 4096~ words. where a 

word is ~6 b1t8Q . As far as I could gather, UTS can be run on ' 

. a S,1gma 6 or 7' with a. maximum memory" size ot 128K words\} or a 

Sigma 9 w1th.s maximum memory size of 256K'words, where a word 

is 32 blte~ .' A workable minimal syetem seems to require. 80K;{,··: 

tor UTS and 64Kfor TOPS-10. 'Each system can expand ite 

memory size in 16K increments. 

, The secondary storage areas tor both of these systems ',. 

can be a oombination of:both fixed head and moveable head 

disks.' UTS, '.however, requires a' flxe~' head disk. wh~ch Xerox 

calle a HADt:~· on:wh1'~h it. etores" jobe that' have' been . swapped 

·.·ou~. 'ot' ·core.'~'~~;~ht!l DEC'-10,Monitor can"nap .jobs onto' a fixed 
.: lJ 
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head 'disk (drum) or it oan ewap onto a moveable head. d1sk 

(disk paok). It can even swap onto both types of .dev1ce~ in 

.. the same system. Of a.ourse, it is much elolfer to BWap on 

disk packs; however, for those cuetomere who find 1t satis­

faotory, it means a lower cost for a system without a drum 

and. its oontroller. The disk paoks on the DECs;ystem-10 have 

an average access time of 47.5 me or 41.5 me depending on the 

. 't1pe of drive ueed, while tho'se on the Sigma have an average,. 

access time of 75 me. The software routines concerned with 

,these moveable head'disks take advantage or pos1tioning 

optimization ~n bot;h operating systems. However, the DEC-l0 

Monitor also takes adyantage of latency optimizat10n. 

The peripherals which these two operating systems support 

are the usual, i. e •• ,cud reader I , T11ne pr1nters', magnetic 

,tapes, and interactive, te'rminals, all of, var10ut! types. . In 

addit10n, theDECsystem-l0 al,so has DECtapes, . random ,access 

magnet1ctapes developed by DEC It ,whlch arebidirect10nal and 

redundantly recorded .': 

" To support these hardware configurations both Xerox and 

DEC'supply a· software system which is,qu1te large.' Both are 

modular and can be tailored for particular hardware configura-

",tions' and'forcertaln, typ~s of system u8age. However, they 

etill occupy a good percentage of main.storage. Some numbert! 

I found concerning UTSwere 31K for the monitor, 16K for over­

lays and 8K for table8 which give ani: operating Bystem ot SSK. 

'Therefore, on an 80K 8Y8tem, only about 2SK 121 lett for users. 

TOPS-l0, tor' a' 32-user 8Jstem, tor example. consists, ot 'a 23K . 

monltor"'and .8K':ot, tables, whlch give,'. total ot 31K.· This' 



would 1norease by 1K for five additional ueere. It would also 

~ncrease 4K for remote batoh stations and 1K for another 

processor. Nevertheless, on 8 typical system with 32 users. ' 

if the~ ia 64K of ' memory, a'31K operating system leaves 33K 

Of user core. 

Well, how do these operating 's1stems,~o about allocating 

" some of this avallable core to':,:user jobs? UTS allooates on ~'\ 

,the basis of pages, where the pages are 512 words and are'kept 

traok of with a hardware map., TOPS-10, on the other' ha~df ~'.1.:L 

allocates, in inorements of lK or 1024 words. Under UTS when 

a user job is brought1ntocore and it needs several pages, it 

doesn't need to get contiguous pa.gea.- However, ourrently 
, . 

unde~ TOPS-l0 with a ~10 processor, a user program ~an be 

separated into at moettwo .non-contiguous segments positl'oned, 

',bY-dual hardwa.re relocation; and protection registers. Each 

of theee segments, one referred tO,as the, low, segment and the 

other Bathe hig~ aegment, hasto,be a number of'lK~bhunka , 

that are contiguous in core.: ,This constraint'ottenrequires.· 

snuffling the other jobs residing in, core to consolidate ' . , 

unueed core and make one oontiguous chunk. ,Th1s process, of" 

course, does take 'some t1me and adds to, mon1tor overhead. The, 

KIlO processor, however, w111 use a paging sohemewith a 512 1.'\ 

I 
word'page~ 1. e., when the software to· take advantage of 

paging 1s relea8ed,to the field'. Just as a matter of interest 

'here, I have an 1nt'eresting time comparison concerning pag1ng 

, 'w1th the S1gina and DECay-stem-10. A· particular report, clalmed\., 

that on a,context .. swltch.,·the S1~"memo~y map hardware had 

.to.be:, oompletelY',r.~loaded and,mi-ght.\,take, 299 ,us tori a large 



program while DEC's KIlO processor simply switohes page tables 

in less than 3 us. Nevertheless, 'whether it's pages or seg­

ments, both of these operating ey'stems still require that'the 

entire user program be in core before exeoution can begin. 

How large.might Borne ot,these jobs be that have to be 
,ir 
f brought into memory? Well, due to the oonstraint on the 

number of bits allowed for addressing, the maximum number ot 

words that a user oan address under UTS 1s 128K and under' ", 

TOPS-l0, 256K. In.some conf1gurations,there may be more 

ph;ysloal'memory than what the user can address. In others, 

the maximum size tor a user program would ~~ physical memory 

minus the size of the' resident operating' system.. ' 
I . 

'f It 1s possible, and often true in both systems, to have 

more than one user in core'. 'Yet, unless a dual proce .. ssor DEC­

eystem-l0 1s cons1dered g oniy one program oan be in the execu-

. t~on process at a particular time •. Obviously, with several' 

timesharing use~sand batch jobs the~e is, quite a bit of 

contention for core in both systems~This problem 1s alleVi­

ated somewhat by havl'ng shareable, or reentrant, high segments 

under TOPS-l0 and 'shareable processors under UTS. An employee 

ot Xerox stated .that on a "typical 'UTS system there were 40 

shared' processors' and 30 non-share~ processors,inoluded in the 

. system software. F·ORTBAN and. BASIC are shared processors. for 

example,.but COBOL 1s not under UTS. Under the DEC-l0 Monitor 

BASIC. FORT~, ALGOL, MACRO (the: assembly' language). and,.> .:.< . 

,COBO~ are ahareable,along with several ot the other· utilities 

on the system. To illustrate this 'savings in oo~e space, 
'. ( 

suppose ,there 'are',J-BASIC users. ' :·Inetead':.ot eaoh ot·them 

. -5-



having a 12K high eegmen,t of the 'BASIC oompller in core. only 

one oopy need be in oore saving 24K. 'Under TOPS-10 any user 

can create a high segment and wlthcare in programming can 

make it a usable shareable h~gh segment. 

Since several jobs cou~~ be ,in core under UTS or TOPS-10, 

how does the operating system decid,e which job is going to be 

executed next? First of all, a scheduling routine only con-" 

siders 8.S candidates those jobs which are in a compute queue,~ 

V or as we might sa1. those jobs which are ready to- run. UTS, 

schedules jobs in a round-robin fashion through the compute: 

queue and assigns eaoh job one quantum of run t1me, or one ':, 

, time slice, wh1ch i,8 ueuslly set at 2 seconds but can be :.->, 

changed~ It I understand correctly, there, is no blas here 

under UTS on the elz(Ij ~f ~he,job. The DEC-10 Mon1tor has at 

~'least tl:U-ee normal run queues, e~lled PQ1',PQ2, and PQ3 (PQ 

mean1ng processor,queu~), and eo~e Syst~m8, depending on the 

desires ot the systems programmer or eystems manager, have 

from one to, 16 ,high pr~or1ty, queues, (HPQ' s). When the ' 

scheduler goes, to pick the next ,job' to run, it checks the 

HPQ's first, .it there are any., sta~tlng w1th the highest. 

All jobs whioh are ready to be exeouted and in an HPQ are 

executed before jobs in the normal run queues.' Of course, 

,the privilege torrtinning in an HPQcan be designated' only~ 

to certaln ueers e This is especla.lly helprul to real tt"me 

jobs,~ When there' are no jobs to be run in an HPQt the ' . ' ' 

, ,Bchedule'r, which is invoked every 1/60thc;>f a second, ohecks 

'PQ1 tor a job.,It' there are, none ln PQ1 •. 1t goes to P~2;·1t 
I 

none there.'1t,goe'(:to PQ,3. ,The, quan:tum.,~un.,tlmes .. tor;" jobs 
• I'., • '., ";'" "", ,_ .~ ;,.', ~ '.' ""J ,I '.' •• : 
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coming from these three queues vary. Jobs from PQl get one 

half of s. seoond. tho!le from PQ2 and PQ) get two !lecon~s. 

When a job 1s first ready to be executed it will go into an 

HPQ, if one was set and the' job had the privilege to !let it. 

Otherwise, it will go into ~~e of th~ three normal run queues 

depending on its size. - A job up to 4K.goes into PQ1, betw~en 

4K and 16K into PQ2, and ot,herwiee into PQ).' After a job hae : ') 

~. • • oj. i 

computed tor a time :equ8.l to ite 'initial quantum, it stays in '.':~:: 
I, k 

the ~a~e MPQ it itt! itl one, or it goe! to the ~ottom of the 

\\.~ \~ \-,\,,,,~.,, .~,\ '-l \,.". t \-'~) , U'lh'JI@ t'",,\\\ rQ,. ht'W@V@l". t;O to the 

'''\\ (\t' Na. Al_\), ."dV_\'y l\\\l'~r~antly. ft11 non-lll'Q jobs 

80 into the front of PQl atter they.ve gotten an'; I/O complete.­

Consequently, a compute bound ,job will circulate in PQ2 and 

-. PQ3 and get to PQ1 only after doingI/O.~ This soheme 1s . , 

,'Usually good tor the tlmeshared, user who 1e 10ok1ng tor quick 

- response time or' terminal I/O ~. i. 

'Not ,only ,does size affeot the initial prooessor queue 

ass1gnment in theDEC-l0 Monlto~, but: it also affects the fre­

quency of swaps: ,for a ,job. , Since it would take a longer t1me 

,to swap out .8. larger job,those jobs have a greater 1n core 

protect tlmeo This ,in core proteot time 1s computed dynamically 

depe,nding on ·the type ot sw~pplng dev1ce and the size of the 

job. UTS also ,has a parameter oalled SQUAN, or swap quantum, 

which controls the trequencyof swaps. However, I-be11eve 1t 
.... 

18 set bythe.systems programmer or systems managert ,but.l 

don't th1nk 1t varies tor the size' of job~ f, ','" ", 

'J,,' Now what sort otf11e system do these. jobs work with? 

Flr8t~ of ,·all, -UTS allocates ~11e, space, on disk·1n granules e ' 

i -7-



i. e •• 512 w~rds at a. time, whereas TOPS-10 allooates in blooks 

of 128 w6rd~. Alloo~ting smaller ohunks could lessen the 
, 

amount of wasted diek space, but perhaps inorease overhead. 

Cons~quentlY'. under TOPS-10 the systems programmer oan ohange 

,the allocation to be a certa~n multiple ot 128-word,blooks. 

subfile direotories down to six levels. (This subfile scheme 

is helpful for batoh jobs that 'are running un~er the same user 

numbers and creating or d,eleting files of the same name, since 

it eliminates the confusion.) There can be up to eight of 

these hierarohies or file structures 'in,a'DECsystem-l0 o and 

they can be public ·or p,rlva~eo ,'It is also possible to remove 

a file structure from the -system when it 1s running. As an 
.',-.{,. 

example~ -a 'confl'guration with six disk packs could' hav:~.s:onei' 

pack as a private struoture, one as' anotherstructtire, and, 

three 'of them together as another struoture. 

Whether the files exist in the single level oatalogue of ' 
,~ , 

UTS or the flexible scheme of TOPS-10, they each have a pro~ 

·tect1on assoc1atedwlth them. This 1s to prevent misuse by 
I 

unauthorized users. From what I could gather, UTSoan allow 

certain users to read or write a file that already exists and 

can have a password associated with a, file. - TOPS-10 has the 

ability to' dlstlng'~lshthe ':~r'e&tor' ,or\, ~,: 't'1~~" trom "t~o8e 'users 
-, : ':':' ,!\'::::',{' i,~ 'U ;,,~. ~',:, '(::'1;;' ;:i::, .:, I:; 
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". in the same projeot as the oreator and from all other users, 

~he creator of the file can then assign aooess privileges to,. 

three groups; i. e ••. himself, his projeot, and all others •. 

", These privileges range;trom O.to 7 and. are as:,follow8 s ., ' 

~j 7 No privileges 
6 Execute only 

" (~. .. ~ Read 
Append. 

\. J Update 
2 Write 
1 Rename 
0 Change protection 

,'. ',: 

where each number also glve.sthe privilege of those h~gher 

numbers. For example, an ac'cess privilege of 4 allows one to 

append, read, and execute. A::default 'protection is set tor each 
, f.,: 

file, andlt can be changed by the systems programmer. This 
',',: ." 'J 

gives a pretty comprehensive protec:tion scheme. \\, 

With the great quantl~~ of information contained in all 

these disk files, both s~stems must ,provide a method o~ file 

backup_ In the event of disk failures causing tile losses,' 

both systems have a method of saving files on magnetic tape 

'and retr1eving them when needed. In the event of a software. 

crash~ the'DEC-l0Monltor doesnitseem to have too many pro­

blems preserv.ing files, . since It stores much of. the file in-' 

format,ion on disk. . However, I 've heard that UT~ must 'deter-· 

mine the status of disk files from an examination of core 

'which might have been messed up by the crash.,. Thus, the con­

tents' of the". disk might get lost ~ I, 

'. t ' ~ '~l ' 

Crashes may not be as fatal as losing the 'contents of a 

.. disk. yet they are still frowned upon in any computer center. 

In environments where UTSand TOPS.;.tO run, several timesharing 

. users oan be interrupted from· their ,work when the ,system,halts 



and they reoeive no response at their terminals. This could 

cause several irate users. Of oourse, both operating systems 

are oontinually being improved to eliminate as many software 

crashes as possible. Also, measures are taken to provide 

quiok recovery or reload pro~edures. error reports, meaningful 

crash analysis methods,'debugg1ng fac1lities and easy patohing 

methods. The end result ,never seems to be good enough, though, 

tor all those users who expeot perfeot1on out of a computer' 

V ~ Nevertheless, improvements oontinue, often making it qu1te 

, 41f1'1cultto k'eep paoe with the most recent capabilities and 

teohniques 01' an operat1ng system. Therefore, very close 

study and' a great ,deal of usage 1s necessary to become wel~ 

acqua1ntedw1th either UTS or TOPS-l0~ 'It also'makes a paper 

.'ot this nature. no easy task,. it one ,wants accurate' tactse' 
,,;." " . \ 

. I 
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