I

~ | - 'DOCUMENT RESUME

ED 128 152

. . <R 003 540.
"AUTHOK , Tucker, Paul. Thomas : '
.TITLE ‘Auxiliary Mass Storage System; (3 New Control
P "Structure for Serially Organized Memories in an
; Interactive Computer System).: o :
\\INSTITUTION Tllinois Univ., Urbanc. Computer-Based Education
' : Lab. : 7 .
“ \&PONS XGEQCY . advanced Research Projects Agency (DOD), .Washington,
‘ i w D.C.; National Science Foundation, Washington, '
D.C. ’ - .
CERL-R-X—-45 -
T . oct 75 '
CONTRACT US Army/DAHC-15-73-C-0077
GRANT S« USNSF-C-723" . :
- NOTE S 127p.; Not available in hard copy fro% ERIC
AVATLABLE FROM PLATO publications, Computer<based Tducation Research
' ' Lab., 252 Engineering Research Laboratory, University
of Illinois, Urbana, Illinois 618C1 {$4.80,
prepayment required) - ' ‘ 7 -
y - EDRS PRICE .~ MF-$0.83 Plus Postage. HC Not Availéble from EDRS.
i DESCRIPTORS #Computer AsSsisted Instruction; *Computer Programs;

, _ *Computer Storage Devices; Engineering Technology;
' o Higher Education; Information Storage; Progranm

. Descriptions . ‘ /f
IDENTIFIERS PLATO; Programmed Logic for, Automatic Teaching., /
N Operations \
ABSTRACT . L . e | :
3 Interactive computers are providing more services to

greater numbers of users. However, before such .systems can be
economically applied to public education, the cost of high
performance memory must be reduced. By using massive amounts of
" serial memory in conjunction with a highly sophis icated- memory ,
controller, a system was constructed which performs as well as random
. access memory, onut at less cost. To demonstrate the control )

structure, and to determine thz applicability of.the memory system to
PLATO computer-based educational system, a memory controller was
installed and operated,. a small memory systenm was introduced, and
software was written to slave the memory controller system to the

operatipn of the PLATO system. (EMH)

¢ a’

¥

-l

/ IR v o _ . ; ) o]
?**********y**************#**************#*****************************
* Documents acqguired by ERIC include many informal unpublished *
* pmaterials not available from other sources. ERIC makes every effort *
* to obtain the best copy available. Nevertheless, items of marginal *
* reproducibilityrare often encountered-and this affects the quality *
% of the microfiché and hardcopy reproductions ERIC makes available *
* via the ERIC Document Reproduction Service’ (EDRS). EDES is not *
* responsible for the guality of the original document. Reproductions *
% *
* *

supplied by EDRS are. the best that can be made from the original.
sk s e e sk ook s ek 3ok ok itk e et R otttk sk kol sk okl ok ok teokkok Kok kokok skckolokokokolokokok R okk ok

ER




o i L N I
- . pERL REPCRT X= A5

. f

) a : ‘ ) . v
o AUXILIARY MASS STORAGE SYSTEM
(A New Control Structure for Sefi‘ally Organized
Memories in an Interactive Computer System)

N .t | ) . -

b . ) ' N by »» v ,

Paul Thomas Tucker

, ’ U3 OEPARTMENTOF HEALTH,
. EOUCATION & WELFARE
NATIONAL INSTITUTE OF
EO.UCATION

TH!S OOCUMENT HAS BEEN REPRO-
DUCED EXACTLY AS RECEIVED FROM
THE PERSON OR ORGANIZATION QRIGIN-
ATING IT POINTS OF VIEW OR OPINIONS
STATED DO NOT NECESSARILY REPRE-
SENTOFFICIAL NATIONAL INSTITUTE OF
EDUCATION POSITIONOR POLICY

T

.

}. Computer-based Education Research Laboratory
\ University of Illinois

‘ Urbana, Illinois
October 1975 -

R Qo3

_L

@)

Aruitoxt provided by Eic:




s

:

7QOpyright C) October 1975
by Board of Trustees
of the University of Illinois

LI
o

EPRODUCE THIS COPY-
HAS® BEEN GRANTED BY
»

-PERAMISSION 10 R
RIGHTED MATERIAL
) y able
Cunputer ~b0<’ag\.h(l-m'.7 no
R Lob: vy e I
VANb ORGAN‘ZAHONS OPERATING
.NYS WITH THE NATIONAL IN-

10 éRlC
£ ERIC SYSTEM PE
OF THE COPYRIGHT

UNDER AGREEME
\TUTE OF “EDU
SDL(;HQN ouTSIlE TH
OUIRES PERMISSION
OWMNER "
All rights reserved. MNo part of this book
may be reproduced in any form or by any means .
without permission in writing from the author.
.” ‘

. ' . .‘}
This manuscript was prepared with partial support
from the National Science Foundation (USNSF C-723)
~and the Advanced Regearch Projects Agency (US Army/

DAHC 15-73-C-0077) .

o



“t
2
Y
n

e T | L idi “ | o

o YACKNOWLE"D/C;E@NTS SURINEIE R
. . S S e . : ’
Sinceggéand:grateful.appreciation is extendedfto myladvisor érofessOr
o é.Donald f Bitser for his continuousasupport, inSpiration, and interest.. .

o P " s

In addition, spec1al appreCiaf on is extended to Bruce Sherwood for, hlS'

» ;' Willingness to give much of his t1me and efforts in ass1sting in-the pre-
L , . i »

- -‘~‘ paration of’ this report. In addition, Without the ass1stance of numerous

a " . ~

£3

other LndiViduals, this entire project could not have been completed. They
;y ] ' N L o A - T N . f
o ~include Dav1d Andersen,bLarry Crotzer, Donald Hartman, Leonard Hedges,

o - . Fred Holy, James Parry, Robert Rader, amd Jack Stifle.‘ Spec1al apprec1ation

‘ is given to Dav1d‘Andersen,.Larry Crotzer, and.Leonard-Hedges."David
L X ¢ ' - ‘ - : > - ) » -7 ’ ) L .
+,. .’Andersen was instrumental in the development of. the necessary software for

¢ . w <
v

'fthe memnoxry drivers, Larry Crotzer was very helpful in assisting in inter- -

Y
k4

preting the Control Data documentation and assisting in trouble—shooting

the ECS interface, and Leonard Hedges was 1nstrumental in the assembly,

J : modification, and testing of the hardware. Roy Lipschutz and Wayne Wilson

s completed the necessary drawings. Linda Gardner assisted in the typing
S R ‘. . . . - . B . . . ) f
-~ . and assembly of materials. Pauline Jordan was very helpful in editing

“the manuscript. Elaine Avner prepared the final draft for publication and

‘

Sheila Knisleyityped the final manuscript.'

In 1974, Donald Bitzer began to formulate a serial memory structure

.t

and James Panry formulated a serial central memory structure. Discussions

- . 1

oL ,between the two individuals and later, this author and others, resulted

H . -

in the basic foundation  for the-first phase of the AMS memory system;

. . . . . . »
Aruitoxt provided by Eic: . . . : . . - .
. “ . -




L4
./ .;- ‘.. . . A
k) I
- iv:
.A . . ’ 1" N ’
. . o ~
: .ABSTRACT’
. . : ,. N E ¥

. I . .
. SR
»Interactive computer systems are today becoming very widely aécepted

o

and are supplying ever increasing services to larger and larger numbers of

users. . However, one of the major remaining problems to be overcome before
. e . " . T . -

such .systems can bcyeCQnomicaily applied to such.fields as public education
is the need for massive amo@nts of high pérformancg Yet.very'ihexpensive

‘memory. This report will present one dpproach to the solution of this
the feasibility of using maséiye'amounts of -serial

<

prqblem by demonstrating

- . . / ~ - . .
memory which will eventually be less expensive than random access memory.
The. use of a highly sophisticated memory controller will cause this serial

pdﬁility'of a

mémorv to perform at a similar level to that: of random access memory in
. : . s ' e v
; o o y

this application. :

This memory control'appréaéh will~demonstrate the ca

. T . LR . B ¢
cs

v .
. .

-

,seriallmemory having ﬁharacteris;ic latency times of hundreds of Use
.(midroseconds)'to‘appear to the éonfrqlling éompuferltb have3aVerage access

K
'

and to determine the applica-

times of tens of Usecs.,
" To demonstrate this control structure,
ﬂbility-of}this memory system to the PLATO computer-based education system,

a memqry controller was kuilt and operated, a small.memory sysfem'ﬁésgbuilt
memo??xEBhtrqlléiﬁgyggem

v and operated,  and software was writfen to,slave"the

N .

\ - ,
‘?\ . . . . . .

'té\operatldn of the PLATO system.

\, ,, _
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'Process1ng Unit (CPU) This performance requirement dictates that all of

L " CHAPTER' 1

e © INTRODUCTION
~. - - . .
The purposé\of_this project was te investigate a new approach tq the
problem of providinq\massiVe'amounts ovaow—cost computer‘memory in an

' interactive computer environment which normally requires large amounts of

" high-speed, high-costfrandom access memory. This alternative approach

.

uses serial memoryiwith a very high transfer rate in_place ofxfast random

‘accéss memory. @ The name of this memory is the Auxiliary Mass Storage (AMS)

»

system. Although several types of memory~deyices.could be used. for this

experiment, commercially available semiconductor serial shift—register

mMenory is utilized. Even though access to spec1fic location in a serial

e
L] - S

memory - can reguire s1gnificant amounts of time, the use of inter- leav1ng
and parallel memory control paths can provide a significant reduction'of

the access times and permit very high transfer rates.
The interactive system used in this memory experiment is'the PLATO v

omputer—based education [1 2] system located on the campus of the Univers1ty

-of IllinOis, Urbana, in, the Computer based Education Research Laboratory.

The PLATO system must procecs a. response in 0.1 second for each keypress

e |
|

even though eachkkeypressris treated as an individual job for the Central®

s

. the necessary data and program material be swapped from high performance

memory insteadtof Erom disks or drums [3]
. B (4 . i

_ An elaborate memory nierarchy is necessary/for the PLATO systemrto

function properly, starting with a’ high—speed central memory of only 65k

f
i

' words, continu1ng to a large mass swapping memory of two million wor@s for

tEhe storage of worklng data, and anally to mass1ve disk memory for khe

storage of library materials [31. The mass sw%pping memory, ContrpllData'

. Extended Core Storage (ECS) [4], ‘'represents by far the largest~fracﬁion-of

S
+
- '

'
;.
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of the total coét ofgthe_cdmputer hardware and isithe peint in the memory

. e

s%ructure toward whicH,the~wOrk detailed in thig paper is directed.

‘_ Other com;uter'systems use other forms of mass storgge where PLATO
- uses ECS but these forms are unsatisfactory for a highly intéractive-system_

. 3

such as PLATO, A'memory‘medium}suitable-for this poéition in the memory

hierarchy. requires-an average access time in the tens of usecs and a transfer

‘rate in the hundreds of millions of bits per second. . In contrast, magnetic -

disk media offer average access” times of tens of thousands of psecs and
average transfer rates-.of only ten million:bits per second.

Consider-an interactive system servicing 1000 simultaneous usérs, and
. . t \ . . . . . o -
 assume that each user presses keys at an average.rate of 0.5 key-per second,

. with éach.key requiring the swapping of -an averagge of 2000 GQ-bit'wdrds off
i . " . . h ] . -

W N -~

information (120,000 bits) between Ce;tral'Memory (CM) and swapping memory.

Operating under a memory system offering 50-isecs a¢céss and 6001megabit—per—

~

'Vsécphd transfers, 500 accesses or 25,000 usecs and 500 transfers or 100,000

s

" ysecs for a total of 125,000 psecs per‘éecondjonemeighthSecodd'§;r~SeCOnd)

would beé required jﬁst to.service the data access requirements. Operating

—

usecs for transfer; . This is a total bf 11 million psecs per second (eleven

-

secopdS/second!);

It is not necessary that the access time to data be zero to maximize.
CPU efficiency, because in a timesharing environment the CPU can execute a

3ob‘for one user ‘while the data for the next are being fetched. A typical

job only runs a few msecs' (milliseconds) in the CPU, whereas disk tranbfers

Plus access take several tens of msecs, so overlapping of processing’ and

access to disk is not‘possible. But if a transfer takes less than a few
-;'”.v méecs,'accessqi\cqn be fotally,overlapped, provided the control structure is
- nppropriate. ~

N

‘under disk péraﬁeters, 5 million psecs would be spent fér.accéss and 6 million

P

B , - _ : ,
‘ s v :
M=o I
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" parallel registers,,a transfer rate of 10 million ©0-bit words per second

& - T o ) . ., o )
is achieved, with an average access time of 400 usecs,"Through the use offf

° memory paralltllsm and overlapplng .0of memory accesses,'the effectlve access

+

tlme is reduced to about 40 usecs and the typical performance of thlS new

-

- memory system meets the PLATO requlrements for this level of memory.

# .
The concepts 1nvolved 1nrthe organlzatlon of the AMS memory system are -

v

directly appllcable to- several forms of serial memory on the technologlcal

«

_horizon, including'Charge Coupled Devices (ccp) [5,6], Magnetlc RBubble Dev1ces

1

{71, and Electron Beam Dev1ces [8 9] The P*channel, ‘Metal Oxide Semi-

R

»

-conductor (MOS) technology -was chosen for the experlment pr1nc1pally because

v N . i

" of its 1mmed1ate aVallablllty The other serlal technologles mentloned above

o *
promise much reduced cost and greatly- 1ncreased dens1ty and performance over

the .current experimental version of AMS.‘

1

"In the archltecture of the PLATO memoxry hlerarchy a fundamental aspect
o . . -

isitransfer speed. The speed of a transfer and the 1nteractlon of that,

transfer w1th the operatlon of the other parts of the system determlne the

a
£l

approprlate s1zes of data swaps from one level of memory to another. From
an economic standpoint it is 1east'expens1ve to locate the bulk~of all data.

.e X . . 1

‘storage fn the lowest cost medium that is avallable,‘but from a gystem per-

© a4 .

formance standpoint it is most effective tovlocate'the'bulk of the data in

Central Memory, which provides the highest performance. ® AvcompromlSe between

-
b .

these two extremes is implemented in thevPLATO-system}' Figure 1.7 is a

schematic block diagram of the existing memory structure of the PLATO system”

w1thout utlllzlng an AMS element, and quure 1.2 shows how AMS can be 1ncluded

. as a'fundamentalvsystem component. . In the dlagram'CPU means Central Proces51ng

©

_[mc_ S

s

,mmrf, v,'ln,w.h . "’”77{ :Af'_r,ﬂ];O.
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time both of the ppUs ate halted to allow all of the central memory band-~

:reason, a prlorlty system was 1nstalled in’ the ECS and  AMS controllers Wthh

.nlflcant system degradatlon.‘ - o, s

. @ ‘o . » ;.’ ¢
S o ~
~ A .
* [} Y o kd 13 + o
4 a . 7 o
- “ > T A o
‘Unlt,band PPU means Perlphtral Proces31ng Unlt PbPPU'is_a—minicomputerhwgbw
- - . . l @ ’ i 7'
L. - - - o ~ . . M - . B ‘5'
whlch is prlmarlly used to handle input and output “ e
9 . o {) '-‘.;
o &
It 1s 1mportant‘rrom a system standp01nt th ; the tlme spent for- data
L - . - "\

transfers between,central memory and E€S be minimized, because durlnq thls'

g

\ o o -

:Wldti to be dedlcated to the transLe:h Th;s procedure degrades CPU performance.

h N @ o

‘Transfers between ECS and other medla (dlsk, PPUSs, or AMS) do not cause.the

. ¢
o o

CDU to stop, but they can cause a\slow—down of ECS CM transfers should the
¢

two types of transfers exist s1multaneously. DlSk and PPU transfers do not

¢ A ) \

offer signifieant confllcts because of thelr Low act1v1ty, but AMS transfers '

i ©

can potentlally cause extreme deggadatlon of the ECS CM transfers For this

o

! . .
forces the AMS to- assume a lower prlorlty to CM. This sysfem Stlll al’ows
‘ N ;
large amounts of data to be - transferred between AMS and ECh but dvoids sig-

.

i’ / i) . “ 4 Y

@ » iy Co s )

- . . . ’ o ', @ &
o The result of this 1nvest1gatlonu1s the development cf a control sructure
e ¥ . @ - 4 «

which will allow extremely 1ow-cost ser1al memory to be u'able and which will = *

¢ .
prov1de large amounts of memory with overall performance comparable to h1gh—

.
2

cost random access memory. The work has only 1nc1dentally been concerned

o o i

o AN
wit? the actual serlal memory utlllzed(mo demonstrate th1s control strugture,

. . . \ L . . ‘/ b v .
as the technologies suitavle for massive serialvmemories have not reached =
o B . - . i .- : « . '

the state of development necessary'for‘their impTementation. - The controller

. R v
~ . . . S L » s

ERIC

s
e I

s E} . ot N o . : Ny
is, however; readityadaptabie—te these new. serial memory media as they
.« ’ L . te . ] L )

LI . - -

become available.
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A CONTROL STRUCTURE FOR«SERIAL SWAPPING MEMORIES = *
‘ t . T T . . . . . . )
‘2.1 Introduction . T i-;//////~’ft“7

. for.the‘purpose of editingwfiles and‘submitting

e
[ *

>
. ]
ey

Computer systems attempting to service large numbers of simultaneous
- ¢ ) . . o Lo

D R a7 S L . o ) s
ugers dre of two basic types. Oné type is primarily intended to provide
SR ST . - ; T

R v, o . I ) . A T O P .
BatcH *job’services with the addition of small amounts of"interactiveness

K ; <

N\ B

4

o

) common form of multl—user computer serv1ce. Tfe~second type is 1ntended to’

*prov1de a hlgh degree of 1ntefact1v1ty w1th ;Ts users and thereby to

7

effectlvely converse with- the users Thls second type of system may not
R 5" . s 13 . o “ 3

" have the h1gh peak performance characterlstlcs avallable to an ind1v1dual

\.f‘

‘ 8- ‘
. user that the fl“St type offers but instead it offers all of the users a
.- s o . S
high level ofﬁinteractlon=on a continuous basisn_ ‘ o - -

in;the normal timesharing'envirohment, a, uSer will utlllze and demand

Y

1nteract1V1ty Whll° he is ad1t1ng or modlfylng a dataflle, but he w1ll/ret1re‘

. “

. N . 2

.to ‘a- batch ]Ob status when°actual compllatlon and executlon of- the jOb 1s

to adequately serv1ce any user ed1t1ng functlons, Such as llne 1nsertlons

©

v

. . 3
s et -

required.-,In»this mode, there are two types of- jobs requlred for the computer

e ot e e [PUUURINGUNUIIIE . S e e p—

V-

LS

.

,L . . . L. Tao

and deletfons, and batch process functlons durlng actual executlon‘of the

. =
match Job The ed1t1ng functlons.are”very 51mple.and requlre very small

o
* e -~

. - : [ . . ' S
amounts of.computer actlvlt . The batch jOb process funct;on requlres

] % ‘»

rolllng the jOb 1nto CM and only occas1pnally rolling 1t out for access to

a

. L 3
»

the romputer by\other users.i The important aspect of this‘type Ofﬂseryice
is that very {ittle swapping_offilesfrOm-sdﬁe.external‘storage medium .is -

»

-

néeded for each job. # : o S - : ' °

A e L .
. _ . . y , 5 o R
- 0OR the other hand, the more Lnteract;ve-form of~computer"system,,an

S -
. - i 4\..

SR

1nd1v1dua1 "jOb" in response to a keypress will be falrly smaLl on the average,

a




N [
- N .

but ‘there are a “large numbeyr of such. jobs per unit time. When a CPU job
v . e : B . -1

. .

is etecuted, the CPU needs access to all of the appropriate files. In order
) . . + -

! . : _ ; .6 ’
. ’ to insure that the CPU does notfsit.idle, those files must‘be readi}y available.
- ' / L 1 .
'As an example,,ﬁons1der a computer System used :to.teach genet1c blology
. Here the user is a student and interacts w1th the computer by answerlng o )

,v"
.

' questions posed by»the computsijand asking guestions of_the computer. Every

tiné that a «uestion is answered by the student the computer has to judge
. . 1 - - . ' g A

f . .
R - .- -

. <

that answer ‘in an intelligent fashioh, and«everpAtime that,a'question is

¢ . . ¢

asked by the student,. the. computer is called upon to make an 1ntelllgent

® o L
. '

respo_nse:w Ingtge blolog egample, the computer might need to make more than.

N Lt . s

. . . :,. ‘, . ) R R o ) ; ) - . N .
simple matching Judgments; answers_should also:be checked -for missp€lled
. R ] . Y . . cee L.
. 3 ' o ’t_ .. » ... . - S - . ’ :
R versions.of. the correct-,answer as well. Moreover, if the student asks for
a new generablon of a sample lnsect colon?wnthe computer would have to compute

. ] -~
v . . . . R ;

© the proper characterlstlc ratlos accordlng to known genetlc formulas In

® B
- & : . . -

_thlsncase a keypress would require'a'significant amountfof CPUfprocessing

« . o N R

- -, with access to the appropriate programs and to a sljnfficantkamount of data.,

. . e \ R4 L. 4 : _ ' o o o
* In the PLATQ‘systemf'statlstlcs‘lndrcate that fully half »f the keys pressed ..

4 -

by users are of the type that require significant CPU -activity; the rest -

‘merely require ‘key echoing. . o L o .\
.2 e * . ’ . - . - - A - i
In the PtATO_system_the amount of time.reQuired hy_the‘CbU to service
’keypresses rs*abouf'eveniy distributedfgrome'msecs to 20 msecs, whrch is -
o S the_limitcallowed eny particulailuser'duri;é-one “timesliéé. fhe mean is 10

)
ki ¢

e " msecs., Under thase constreints the maximum time that can be allowed for

. v i
® - B - : : !

.access to all of the data base that might-.be required:to service a user is -

10 msecs, because if more were required, the tbtal access time plus transfer

- . . . . d e ., .o s

time &ould‘exceed the CPU process time,.and the CPU would sit idle for the

. 7 »fdifference; To prevent gueuing problems, it is wise to make the access plus

transferstime considerably shorter than the average process time.

. ) . » * .
- N o . : ' .
. et . T . . ' - " -
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. . o . ) " . 4 R . )
N ; It‘is’apparent that disk-based datﬁ storage is unsa?isfaétory for-a 7

highly interactive computer system. In{disk systems, the rotational access

alone averagesv8;j0 msecs; and traﬁsfers.are slow (typically 5 megabiEs per .

r
-
-

second)., 'It is also apparent that random access data storage .is far more

than adequate because typical access times for su%P units are ZeS'HSeCs and
. o ’ b - ’ .
datg transfer rates of 600 megabits per second are available. A very large

- .

~

.~ . _ . v

.gap exists, however, bgtween these two availablé'meaiq,both in performance
and price. &The memory system that this thesis describes offers one suitable

. medium tongéupy.this gaﬁ!y

LY

2.2 An Querview of the AMS Memory
;)// - The AMSlmemory system was spécifically.designéd to satiéfy the stringent

;// peiformance‘requirements Qf‘the;PLATO;computer_hetwdrk and to provide a swap-

=

: L .. - . . s PR . G .
./ ping memory very low “in cost. This memory system cdonsists basically of N .
_ v cos ! e : : ‘

2

- ~ < - ’ o ' : . . .
standard semiconductor serial'shift~f§gister‘devices, configured to allow a-

©

. fairiQ.sopﬁisticaééd.c?htrollef?to.ménipﬁlate themléccofdiné to commands : ’  ;
issued hy the CPU. Thé Sﬁiffj%egistgrs prbvidé.an average acée?é timeﬁof
k  .400.ﬁsgés,and a ﬁransfer rate.of’Goongegabiés perosgcond,,;phieQed ﬁhrough"

,‘f( pé;aiielisy.;;The~ﬁgeiof éigﬁglindependénF~5ﬁqunQréllérs causésAﬁhe.efféctiVe

access 'time to approach 50 usecs: S S B -
R L . N ;-. . . ) : N . - .

There are two-fundamentafnéiementS'ih,the;AMSWmemoryr' the actual memofy
- 5 . Y- . ) , . . , . . - .

section and the mempry controller.

s

2.2.1 #The AMS Membx&’ Storage S . ) ‘ - S
Figure 2.1 illustfatéé the organizaticn of the AMS storage elements

» . . . . & .

' The basic»e;ement utilized is a 1024 X 1 serial shift—fegistér chosen to
o s T o, S ' o ’ !
3 operate at 1.25 MHz. Groups of eight of these devices have been ‘arranged f“=fﬂ T

. in such & fashiop that a group appeirs as" if -it_ere a single 8192 X 1 réegister

operating ‘at ‘a maximum rate of 10 MHz. Furthermore,. 64 groups have been =~ = °

- &) ;' . ' | BN L - - ) ) .

s : ~ e L. ’
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- paralieled to form a file unit which represents the basic memory module.

" The basic module, called a file,.is?an 8192 X 64 serial‘register.capabie

of reading .of writing 10 million 64-bit words per second; At these rates,
N 2 o | - -
and since the file is serial, the average access time to an individual

storageglocation variesrfrom,o.to 819.2 usecs; - The average access time'is

thereforey419:6'usecs:

Any humber -of files can be installed to assemBle a complete memory:
. X . . E . & . -
groups of eight were chosen as the minimum size. This grouping is called a

. Cat N

‘quadrant.. For convenience of power supply and- chassis wiring,Qgroupsjof
four quadrants are_arranged as banks. Banks can be added until tﬁe total

' 7 J— ° N .
. o . L. - . L o TN
memory- size desired is achieved. The AMS system wds designed for a maximum

of 16 banks. = , " C : "

;A file is»8192 words1 a quadrant'is_65k words; a bank’is 2§2k words,

and:a'fully compketed AMS system wode be four megawords. A word is 64
K “ . - . - S P .

bits. .

a

,2.2.2 The AMS Memory Controller N
The heart of the AMS controller'is an array of eight independent con- _ A -
R ) E . { - v C '- : 3
re}ie%sfllThese—qnits_are called subcontrollers and have the task of

ot o L *

manipulating.individﬁal files for. the purpose of data transfer into and out

. " of the AMS memory. In addition to the subcontrollers, there are several o \
) - . . , . A . - - . i

. oo R ~ R .

other>units including an idle controller'which maintains'control over those"”

- P

files not under the control Jof a subcontrolJer, and a data channel through

A
>

"whlch all- data and transfer parameters are communlcated

- _ "In the PLATO system, the AMS memory 1is connected to one of thevports

. . ' “. . . ~
".of a hlgh—speed‘random access swapplng memory, and that memory in turn is

connected to a hlgh—speed port . of the CPU s central memory 'The high—speed ‘

‘random~access memory;utlllzed ;s'a product of Control\Data COrporationLand :

-




~_transfer address in the random. access memory, and transfer length). A~

11 o

\ . . . . , .

o . - . | . . v .
is called Extended Core Storage (ECS). This memory is characterized_by a

3.2 pusecs access t1me, 600 megabit transfer rate, and four access ports

Since the CPU is the origin of all of the AMS control parameters and is the

unit'that-interprets the status information provided by the AMS controller,, :'“n‘

a 128—word buffer communication area is established in the random access
i

'swapping memory accessible by both the CPU and AMS . The CPU plants transfer

parametersﬁcalled jobs in the communication-area. Groups of eight of these

jobs are eombined and called batches. :Agjob containg the exact parameters‘

for oneitransfer (file.number,.starting‘address within a,file, starting

¢ e

“batch containing up to- eight jObS isg intended to contain a list of all the

-
o t B
= »‘c. :

JObS that would be required by the CPU to serVice a request by an indiVidual
user: program files,u datafiles, and status information.> The AMS coutroller

treats the group of transfers within a batch as a unit and supplies the CPU

N ~

with status information relative to the entire batch as well as relating

. ‘ ) 2 -
: b & : T . ; .
to the iﬁdrwidual transfers. ‘In this manner,. the CPU is relieved ‘of the

~

burden of figuring t whether all of the files needed for a particular
i_&

cive

R

ERIC
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ys

'user.g first, acquire all of the files that are needed to perform the task

- were modified31nfthe process. A suitable dJsposition of the task of rewriting T

=Y .

P \;4~
nser have been transferredﬂor not. ‘ ‘ o i -
. ‘ ‘ . : &7
" In practice, two memory access operations are required to .service a

-

requested, and second, after process1ng, return to storage those files which

- - M . ,
- .

- ':..‘,. . . q ‘

4

~some files (datafiles and status) is~to'attach those'jobs to batches~relating o

i
.. .

. to subsequent users. R
. ) N .
’ o : ! ,

Uﬁder normal operating conditions, the time reqUired for the AMS con-

B ¢ : ~

v troller to execute the first batch posted is 1ess than the time reqUired for h;

e .v F

@




7

the CPU~tolcompute and_bost”the\rgmaining batches. ‘For this'reason, the

, . e o o L S [

~ CPU will not be réfdired to yait While_even the first batch is completed. i
o ' - » [ B T

The basic files .within the AMS menoryfhave_the folloWing access time
characteristics: -

c"v“,-‘ L - b." \

maximum access time: 849.2 usecs

’ N R : . : .- N
average access time: 409\6 usecs. ot

However,'81nce the AMS . controller has several subcontrollers w1th whlch

%

b - *to manlpulate files lndependently, the effect1v§ apcess tlmes encountered in

.use are greatly reduced. In practlce, the average access tlmes, measured as

PV

the tlme unavailable for data transfer whlle waltlng for a flle to be properly

e
: posltloned, is reduced to tens of usecs. Thls s1gn1f1caht reductlon in

"

access tlmes 1s prlmarlly tPc resalt of 1) the abllltynto 1ndependently

5.

manipulate all of the AMS flles, 2) the’ avallablllty of elght flle manlpu—~

X lators, and 3) the nature of the batch postlng mechanlsm. _
T e - . -

2.3 AMS Batch Executlon Process

A\‘

b
- *"ﬁ

Presented here is a deScrlptlo *of the sequence executed by the AMS

B3

“controller in the course of responding:toja setiof'batcheS'posted by the

.o . - . . s
N . . . ¥ K

. cpu.
At the beginning of a CPU execution timeslice,'the CPU takes¢thef
“ . - . . : . )

assemblage of keys that have’been inputted from various.terminals'and 1 '1-
_ . . e . PR . o L
determines what,flles'of.data willdbe(requiredffor each'key to be processed;
iw * The CPU then postshthedproPer'transfer infermation in the form‘of'one.batchl
" for eachvuser? even if partial-batches are the result. Inithe mean:time,ﬁ

the-AMS.controller‘has-been interroéating the communication area. 'As soon

as. . the CPU has posted the flrst batch the AMS controller beg&ns to execute

\_\“
. -

that batch The AMS controller samples the CPU-AMS communlcatlon area only ’

. 1~
L

- R ; : . oL ‘ : Lo ‘
I ‘ . E . _ R L .




batch to the eight:subcontrollers,.z

' all of the jobs assaciated with a batc

_1ssued valid ]Obu- be come ready for transfer they request accessfto the

-

- - - -

'once each 30 psecs in order to,avo d jamming the ECS data channel with

unnecessary transfers.~ g a : ~ Lo LA

\ . . : , . L.

Once the AMS controller has recognize__that ‘a batch has been posted

by the CPU, it proceeds to assign thbse jobs that are contained in that,

La batch is partiallyifilled, NOP

e unused subcontrollers. . As. soon as'

(no—operation) jobs are ass19ned to
begins to interrogate the next location of the communication area for the

next batch. As a'batch is pdsted'in'this location, and as indiVidual sub-
RS . .

.controllers become completed (those With NOPs become completed immediately),.

parts of. the next batch are ass19ned to the idle subcontrollers.x In the -
- . . ‘x

meantim the AMS cohtroller posts status information in the control area

]

where the first batch was~picked up, overwriting the original batch param-

“
1 =

eters. 1In this fashion, the AMS controller attempts to keep as many of

| : ,
the subcontrollers active_as possible.-‘As those subcontrollers that were

\ ! ; *

data channel. When granted that ohannel, they transfer their a°s1gned

data. After transferring their data, the subcontrollers return the files to

S
their original pos1tion and detach\themselves. At this point,fthey“are

- -

»lready to accept another_job.; Any umass1gned jObS in the second batch are -

!

‘,assigned:toﬁtbe.subcontrollers. At the point that all of the jobs in the'

«“ 8

original batch ‘have been completed, **he AMS controller writes status infor—.

- mation to the control area one last time, 1nd1cating that the entire batch

Q

ERIC
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>

was completed .and oroceeds to pick up any remaining jObS in the second
I

batch. When all of the jObS in the second batch have been accepted by an

-

AMS subcontroller, ‘the AMS controller pro eeds to. the next batch “ This

sequence of processing one batch.at a time and starting the next batch in

have_been,assigned,lthe'AMS‘controllerw

-




"14 .
. , i
' . . . R . . . '/

those subcontrollers that are idle continues until all of the,batches thét

FAE

v

the.CPU has posted have been processed. . Chapter 5 discusses 1in deta;l the“*””””
: ) \ .
'resultant access and transfer characterlstlcs

- . . p

2.4 Historical\Development of the AMS Control Structure~

. The AMS control structureawas,the result of a long Sequence of inter¥

. . : ) S - . ' | .
action between the hardware and software groups of.the7PLATO system. ' There |-

.=  were three distinct design stages before the'design;Was finalized;

. The result of the'first'phase.was a_control;ér with eight subcontrollers,
as in the final version, but all of the job parameters and status information
were communicated via,Peripheral PrOcessor,ﬂnit (PPU) channels, After some - ;

B evaluation .and d1scuss1on with the software staff, it became apparent that

. ' a3} [ S
' T . o

th1s method of communlcatlon would be too clumsy for the CPU to handle and

',too slow to take advantage of the h1gh performance characterlstlcs of the ' e
- > . e . W . . )
memory systema¢~In.th1s f;rst des1gn the»flle Structure Waswsomewhat different;

Meven though the minimum f11e size was 8192 words, groups of e1ght flles were
N v %
-,u'slaved £ each,other and/were not tétaf}y independent.. This”resulted in a -
Y o . . - . : . o
reduced efficiency of!the eight’subcontrollers as compared to the final,
: totaily andependent/design.* . : % .; RO igﬂwry,, ;,,i =
lf In the secondAdesign'of'the'AMS.memoryAsysfem, it'washdecided to
communfcate aligjob parameters and'statuS'through the same data,channel' Lo

through which data»was_to be transferred.» In this version, hOWever, the

.

“

: control area cons1sted of just 16 words, elght used for job parameters and “ .

;elght,used for status. Each job was treated 1nd1v1dually, and the CPU was

Ty

gfven the task-of keeping track of which job was related to which;userﬁs

; : - s ) . . ' i #
/request. In'this'version, hOWever,-the files . were made totally independent
' t &y - : ' j A ; ' : '

of one another, so . that just one 8K word file needed to be activated at a

-,

Q o a R s : . ’

.'[SRJ!:‘ ’.. .‘ L S | - <d ‘ . o o .,
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W . time. 'The'prdblem with this design was that the CPU overhead was too high, .
. N X ) o . . .‘ - ] . N . " .a Ve -
| and the CPU could not post’.several batches ahedd to overlap trafisfers and . = -~
. - processing. . o
. * - ) - .
In the'third and final VerSioA of the AMS structure, the large commu-
nication area was added and the batdh:orientatioh Was'implemehted. As a'
P . .result of the third design cycle, a Serialfmemory control sftudture specif- .
ically désignedfto operate in the»enVironment presented by .the PLATO system o
was developed. Sihcg_there was an extensive amount of interaétion between .
the software group that would use it and the hardware group that would build
, #it, a &éry,useful énd powerful yet feasible'structure was de&eloped.v"
. &
£ . 3
. .
.“ "? . v : )
& . x e
< . < oy .._-.
1]
! Iy
¢ - o
T v v -
.\‘1 _~’ . v % .. ! - ) ‘ .
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"CHAPTER 3

POTENTIAL SERIAL MEMORY MEDIA - _ v D

r

. 3.1 "Introduction

-There are .hree prime contenders for the high-performance serialﬁmass—

_memory market. These are 1)c§emiconductor Serial Memories (MOS and.CCD),

2) Magnetic Bubble Memories, and:3) Electron Beam Memories. These three .

; differ'greatly in their technologies.

3.2 .Charge‘Coupled Devices

The Semiconductor Serial Memory is the most advanced of the three

e

serial méﬁaa Actual‘production devices have already béen introduced into -

the semiconductor market, and larger, faster dev1ces are- promised shortly. i

2

The Significantly advanced state of the semiconductor dev1ces is due largely

to the corresponding advanced state of the semﬂconductor random access.' [

A : ' i
I

‘memory, which has been getting very large attention "and is:expected to be o

.the dominant dev1ce in the high speed high—pexformance memory area ‘The —

’ -technologiesﬁdeveloped for random access devices have been applied also to

MOS, it appears that’CCD has" the advantage due to(inherent simplicity.

. 'semiconducter 1ndustry. In fact, the first CCD devices whrch have been 1ntro-, : R
duced are hybrids_of the two‘technologies f101. . _ . e
A CCD device is basically an inactive device .(contains no active tran- e 7

~to the storage of data in aftransmission delay line but‘the tranSmﬂssion

ERIC
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2z

the serial memornyield Of the semiconductor devices’ available, CCD and

7
6/

K

However, MOS has. advantages because it is-more heaVily ‘used throughout the

sistorshat"the‘memory?cell level). Instead, the storage of data is similar .
line lS electronically generated and is often compared to a fire bucket
%

brigade Charge (water) is placed in 4 location (bucket) at the beginning

of the line and passed on the end of the line by electrodes (men) Alohg




4

Q
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.// are no active dév%ﬁes'aﬁ the céll level and thus the design E%iggé“ﬁétual'

the Way; n§ wétgr‘is added to fhe»bdcket énd since: some spillé.é; leaks 6ut,
iésé arrives at the end of the ling than started'ét the-beginningf‘.ln %he'
case of the;CCD fegisté;, daF§ is,repré#ented gy thé‘absenbe or.preSence'of
.chargé é@ tﬁé end qf th;”line du:ingVOne cycléiagd this ihformagion (éhargg
or nolcharge) ié émplified and fed back iﬁto the beginningkof the line again

L/ so that the line. and data storage are endless.. The principal advantage-ZCD-—m——r

f technology has over other forms of semiconductor serial memory is that there
/ P : ’ ) . o

’////r. cell is very simple. A severe disadvantage exhibited by-the semiconauctor

bucket brigade that is not seen in the fire bucket brigade is thé,fact that

.

charge leaks away -even when there is no transfer, so that it is necéssary

'thatieaéh}éaﬁaielémeht;aftiye'ét,the end of the'line ¢ft¢n éﬁough‘thatinb
ﬁbdatéfis»Iqst;j”If“tHé;iIﬁé'i#ul?ngﬂ(xéquiriﬁg a small amountkdffsuppérﬁ

circui;#y),‘thé data must move~quiakiy from-dne:ena é; the.othef;énd con- .
séguehil&‘use a léxge; émdunt-of“powega if éhe‘liﬁe is.shdrt;,a'large amount

’ Fa kY

“of supporit is required and the advantage of the simple cell’ is lost. An

optimum compromise can be reached: © a reglsggr which has to opeérate at a ..

- 1.
.

»medium'speed so?thaﬁ it ‘can be made several hundred bits long yet not dissi-

pate an excessive amount of power. -This device will have a limited dynamig -

raﬁge over whi¢h it will opératé. Since-varying the speed of the register
. , v o C i e ) L e )

is one technique that is used in the AMS controller to optimize the access-, N

- .
s - -

‘time performance, -anft this technique is_hdt'applicéble were.a. CCD-based ,l.»‘
_System~implementeﬁ, some modification of the controller would be-necessary SN
G : : . . . . Y :

-

. if}éCD were ﬁéed; Sﬂn.part;pula£, an'infermediate iévél of buffering‘would o
heéd to be added to act as a "rubbér band" between the CCD memqry and ECS. . R
fhé'bréjected cpSt pef.bit‘at'the;devicé iével ;f Cdb qeméryhin 1?77 is

arduﬁd-0.01 qghté pef bit. ‘Base& on this‘numbé;,'the sxstem costIWOﬁld be f;

o
4

. »
POLTA
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about 0.02 cents per bit [11].

. . - . ' N » .- : o o

3.3 Magnetic Bubble Memories

o

Magnetic bubble memories were first developed at Bell Laboratories [12] -

a -

_ ‘and are similar to‘CCD.devices'in'being passive storage~devices.< An addi—_

tional advantage of.bubble,memories is that data stored'in,the memory may'

De retalned Tor 1indefinite perlods of time” thhout the appllcatlon of power..‘

To date, however, -the development of thes e bubble memories ‘.as .ieen slowed -

by the search for a su1table substrate material and productiein . dev1ces have

[y

bFen released In adetlon, bubble devices which have been operated have

\been limitedktO'falrly low operating speegs,, Bubble memories have a long
.. ,.\\‘ R = . . . Cor . V - '
development cycle ahead of them. * o . - _ : S

The basic concept of a bubble memory is that.a th1n layer of magnetlc

materlal contalnlng 1nherently Strong magnetlc d1poles is eXposed to a

: o
strxong continuous magnetlc force. This material separates'into doma;ns of

oppOSitely polarized areas, each with its dipolés aligned at 0° or 180° to ' - .
. . P ' - . S . . . e

thggapplied field. The Sseparation of the domains within the magnetic layer

< . -
3 . .

‘is‘stable. 1if electrodes dre used on the,su;face of the material to apply
additional localized fields, the domains Can.be.defined-and moved about'the

4 ! v

surface. -In parthular, electrodes can be designed to cause a row of these e

domains to move in a line; thus%%%hls row becomes a Serlal sh1ft-reglster.
A

¥
- One mll 1/1000 oF‘an 1nch) dlameter bubbles have been generated and manipu-

lated and th1s 51ze of cell would result in 106 b1ts per square 1nch of

' \ T Ees

. 9 : : «
materlal or 10 bits per cublc 1nch The constant'fleld can'be applled by
: ; = :

¥

us1?g a permanent magnet, and the application’of this fi%i? is‘the only
f ' . B . ) R 3 ' \/

requirement for data Yetention in the memory. -A variable field can be-

applied’ to the entire unit if it is desired that all of the data in.a

WA

RN [ . . ’ . : fa S

'<'., | . N ._ . . . . ‘ | h‘z E-',S ‘: | . . » - ' ’ A’ oL | | ‘t

.. . »
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.are somewhat different from the earlier verSiops, principally in the actual

was strictly random access, whereas the addressing in the later units was .-

. generally serial in.nature because of a high-speed data flow}requirement

-y

£2:3

& ' 2

19 ~
e » . o
particular- unit move in the same manner, as would be the case were it o
used .as a serial shift-register [12]., U o : ’ ‘ .
A2 &« . N .

Due to speedvlimitations and involatility, bubble memories willilikely

&

be future substitutes for that level of memory now occupied by mov1ng ‘head

u
&

dlokS, adding a mass;ve increase in bit—space density and “thus pbrtability

Thisémemery{mediumuwilléﬁrobablyMnot“becomesan effective saurce of high=~. l_m@;;rgi

performance.memory’in an-AMS—type,system.

3.4 Electron Beam Memories

The first form of random access memories used Jn early compaters con- .

t

s1sted of storage . tubes,rcalled Williams tubes These cathode-ray tubes

used charge depos1ted by the electron beam as the storage medium and achieVed

rapid\random access through,positioning offthe beam. The advent of ° fetrlte‘
core technology displaced the~electron beam medium . Recently., hOWeVer,ninv .

he search for a very high dens1ty, low-cost medium for mass memory, the . t'@a

- ~ -
.’\ ,’ .

electron beam technology has been re—invesCigated and Significant results

have been achieved.  The. techniques used in the latest electron beam Work

3

- N
3 < -

storage medium and the nature cf the addressing . In the later units the

storage medium is.a multi—layered semiconductor material, and the storage -

ta : .

mechanism is charge depos1ted 1ns1de the semlconductcr rather than charge

. .

: 4
depoSited on a surface Data, is written into the.memory by the applrbation‘

of a bias voltage to the. semiconductor material during the applicatlon of.

& -

tne electron beam,,With the resultantxdifoSion and depos1tion of the

. . » ,'\

electron—hole pairs created~by the beam. The addressing in the early units

- -

A

o

e

, X . . A
and the problems of positioning anhelectron.beam to within the accuracies
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‘ ' o | v , . . | . . _ . .

b ’requ}red. Single‘tubes‘haVe:been demonstrated in"the laboratory containing

/ . oup to-30~million bits inf1OQ cm’ . ?he'pdsitioning of a beam to thls level

'.. . . = ('.Q‘" i .

ﬁ ) of accuracy in .short perlods of tlme would be unreallzable, rather the beam
4

<

-
. -

. is flrst def}ected to a general area“ and then is redeiiected by a second

2 ‘o
[ . v

defleotlon system drlvenfby an analoq ramp qenerator. The result is that

. data iInput- and omtput are in blocks “and serlal in nature [13]

Electron Beam Memorlés promlse the avaJlablllty of very large amounts

§ . . ' . o

of medlum~speed memory thaﬁ is non-volatlle. Thls technlque will ' be a major

b - - H
IS . . o . .

1 competltor of CCD dev1ces in the market of 1nexpens1ve mass memory. One

dlsadvantage of/Wlectron Beam Memorles is that the basie unlt of memory is.
? » ! . ‘e

~ ’ v N

mery larae and theiefore, deflnes the mlnlmum size memory system to be
av )ff‘ < : ' ’ ' 2 ' R
”very largé If-the’bas10 tube is- 30 millien bits JAn s1ze, and if the memory

>

S N ' " »

o system requlres that parallel tubes be used to keep the data transfer speed
T T
[ S 4 ’ o

hlgh, the number of words 1n the minimum system w1ll be 30 million. Charge—'

¢t
. ¢ -
F

S .,coupled ‘devices on the other)hand wifll be avallable in smaller sizes, &

.
- o LI
- - ~

)

e certalnly less than 4 mlllyon bltS per dev1ce, thus allow1ng smallerustorage
T . ,,/ f, N

E systems and;alloqlng'parallellsm at a-larger than word 1evel to"further
] ' a7 &7 ey . R .
Y . . . .

" " increase the transfer speed. - T Lo

: » H - —
. : : : -~ j . 9 A P

o
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CHAPTER 4 - o L,

..,‘.
O
\

. AN ADXTLIARY MASS STORAGE SYSTEM.

N

) . - - ) . - .
: . [
E .

i . o g
“ .

4.1 Introduction

o

-

. tlven_a serial memory medium as a base, is 1t possible to conf;guqe it

‘ ‘andbfts cqhtrqllerzin suphqa_fashidq'as Fo,make:it appear to the Central

C Pfécesgin; System‘as if'it were'fénd;m acce;s in natﬁré'oyvétnl%ast COnfigure'
‘ik'”‘. 'it~inrs?ch'a fashion'és to ;llo% the ProcessingvSysfem to‘ﬁgé i;.without | o
" YJv, . ‘“apprec?aﬁlefdegrédation? fThe?ahswer iévyés if appfbpr%ate'cpnétraipté’afe R

+ ! I

-
il

piaced on the memory, the computer system, and the nature 'of the computer & [~

. . -\ v, v

« -, service to be offered. The memory system considered is a serial sémiconductor

‘ep O
N 1

) -, N 'v . . - .. t . . I . .
-~ Y., 7, memory; the computer system cénsidereq is a Control 'Data Cyber 73 [14]
cdmputer.wifh'a large amount of'Extended Core Storage (ECS); and the computer

A - g 0

+ "i. service offered is that offered by the PLATO computer-based education

[

'p:bject. . Under these conditions, this work wiIlLSHow that a controller can

"+ - be designed to interface a serial memory to the PLATd system and provide
. e g2 ‘ .- A - . b .
_ . ‘ . s

T ot - e T = e on At e

.memory Service with veryﬂiitﬁie degradation compared with a system“using<

.
" &

-~ &nly ECS. S , o S : e
. 4.2\ Configuration’ Options '

<

“~
~

e " In 4he design of the -AMS system, two distinct types of design decisions -
were reéuifed:f‘1) basic a;chitectural decisions and'2) specific impleﬁen-

\ .
i

‘tation decisions.. The architectural decisions have a large bearing on the -
¢ -~

ty

performance of the working system.and the ability of the systém to satisfy
. B . L. i . o . L . N ° )
-+ - user requirements. The implementation dedisions determine the ease with ". .

B

which the unit can'bé implemented, the probleﬁs encountered in that imple- ,
e . ‘ ‘ . . . -
. , menfation) and the reliability of the final system.. _ S

ERIC - .7 -7
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4.2.1 Architectural Options = . - , : o S

The'basio technique adopted'in‘prder to cause?the AMS to perform,. S
asa}isfactorily.in the PLATO environment was to‘increase the transfer rate

by parallelism and to cut;the access time with multiple control units in.

: . ., : . . - S {
Tthe controller. In addition, since it is not useful t& hawe a fast'memory
system if ‘it is not poss1ble to supply transfer parameters to 1t qulckly, ‘f_'
’contsol communlcatlons were made very fast and eff1c1ent. ‘ |

3 K

The ECS system that the AMS is des1gned to 1nterface 1nto operates at

7/auspeed of 10 megawords per second based on a 60—b1t word In addltion, -
th1s transferoneeds to be synchronlzedfat.the leVel of eighthword records.‘
- o e S \ _ : 3
due to the structure of ECS. Even’ﬁf'the average data transfer rate inte

¢ . N P i N . N ,. - i )

s . : ECS were only one megaword per second, this;data would have to’be transferred -

in set?ﬂdfﬂ%ightjword.records at 10 megawords per second. ~ Since itVWas /

N }
necessary to support thisvhigh rate on a record basis, it was not difficult

s to des1gn the AMS so that is supportedaa contlnuous 10—megaword rate. The

J S — [ ORI,

it

***—“”—“‘baSIC T024=bit shlft—reglster 1s43;l§ capable of operatlng a conserVatlve
b

K]

\ .
1.35 megaword per second (assumlng €4 parallel registers to form a word),
: ] ) .

and so 512 (8 X'64),shift—registersiwere,assembled and operated_in,parallel
N . - . ’ : . ) N ) 9 l : :
. to Supply‘the desired 10 megawords per second, Plgure 4.1 detalls thlS : g

- »
. - N

multlple reglster configuratlon used to- generate IO mllllon 64-bit words per

e

- second w1th read/wrlte cupablllty.t The assemblage of 512 1nd1v1dual regls—
. AL 8 .

R

ters shown 1n Flgure 4.1 prov1des an 8192 word, 64~b1t memory sectloh the

R . :
sectlén is called a file and is the minimum access element. Thirty;two'of !
'jl"" - . R .
. Ehese ﬁlles are assembled to form a 262K word bank .and the total capaclty
of the AMS is 16 banks or four mllllon words. - ' " .
r w
29 S
I »~ °
. . .
i e % SRS e ,.h o N
|

‘v . - e . . . A
e » . ' v
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| ‘Multiple access control paths were used to allow the AMS controller =~ e
o N w . . . . . .

to speed up’the effective access times of thegdata transfers. ,The)numberv R
of'thesé_multiple paths~was,chosen to be eight for”several reasons. In

the.PLATO system, Qhen a keypress is receiyed by thefch; this keypress -
might require the "access by the CPU .to several different data areas in

order to proceSs~that keypress:t student banks, lesson material, a common

. ‘block, and so on. - Furthermore, all of the poss1bly requlred 1nformatlon

Xy - ’ o
must be avallable 1n ECS before the CPU can begln process1ng thlS keypress. Co ]

It’is, therefore, advantageous thatrthe'AMS controller be able at least

. ) .l . ) .“ / L .

i . to. process simultaneously, all of the requiréments for, one keypress, The .
number of ‘data’ blocks was estimated to.average three with a reasonable

. - ¢ . . . a i . -

-2

maximum ofgeight.v The.second factor consfdered fn‘the'decision of.how many
access control‘pathstto implenent-was the fact that,_as detailed.belou);the
utransfer:parameters“communiCated throuéhiECS’reguire the use'of eiéht—word

) , recoxrds. 'For_thesexreasons,,eight separate;transfer cOnfrnlléps_gE%gub_m,Arwrlmﬁ«wﬁfmf
PR S —— - T : . . .

LI A - . . . .
" controllers were implemented. S s o oo AR - v
T ' X o ’ ’.} . - ' '

“

. . N - w - . : o
" series’' computers are the\ ] R ECS. ,This path, which is

% thé dame chiannel used to communicate data befween AMS-and ECS, was also.

LY

used to communicate the parameters of the transfers that the CPU would like

-

to have the AMS contgoller perform.' The CPU establishes a 128?word communiﬁ

S~

- ~catlon control area to whlch both AMS and the CPU have access. The GPU

- plants Jn thlS ‘area the jObS, and \AMS plants in this area the -job status.

. The 128 word area is separated)lnto 16 sets of . elght Words. The AMS con-

- troller operates pr;nc1pally on one set at a tlme and flags the completlon. E

b v -
w

of these sets to the CPU so that ‘the (RU can operate on the data that the

- . &

AMS has, transferred. The use of 16'sets allows the CPU to,assemble many i:, -

ERIC ' S e

| : : : 3:1




~.ﬂ*;ln;—4ee—sets of—jobs -at—one” tnme “and the AMS will sequentially execute the sets of

" jobs w1thout CPU 1nteraction. The eight Jjobs in a set correspond to- the

- . . " eight subcontrollers in AMS.' In addition, a s1ngle PPU channel, capable
- : = a, . \ : : L,
of a max1mum transfer rate of only 12 megabits per second, was utilized to i
communicate basic setup parameters to the AMS eontroller,'suchAas.whether~
‘! . Al N .

to commence operations and where the CPU has established the AMS CPU communi-'

cation area. "It 1s 1mportant that during the course of execution of ]ObS

-

issued by the CPU no iﬁformation need be transferred via this slow PPU

-

' ~.
- channel, as this would greatly degrade the performance of the AMS controller. hos
“ - »‘ ) .

-

e .
5
b3

e 4.2.2 Implementation thions L o , .

.

. . : After the archictectural structure of the AMS controlle1 was defined,

- i . . 8 .

‘B , ~ there stilb§remained thefnecess1ty to%define the various\implementation
- options Stlll to be determined. Among;these‘were‘choices suchuas the'type

’()

of logic to use in the AMS . controller, the method of construction of the

T . y M . - . hd .
" dontroller,  the physicaluconfiguration'of~the memory modules and control

modules. The decisions were made based on the,previous experience of the
. . . P I ' : '

deSigner, on_ the mechanical constraints of the construction capabilities

—— 5

of the laboratory in which the work was~tolbe,done, and on ‘the immediate
availabilhty of the. 1ntegrated c1rcuits. -

- T e . ' . L.

4.2.2. 1" Controller Implementation

r . : »‘ ‘\
The electronics laboratory of the Computer-based Education Research

.laboratory'is.experiencedinlthe.construction of medium size.electronickequip—.
ment.k'The equipment'previouslyfbuilt has generallyybeenvthat necessary to '
- communicatefwith the Cyber—?O.series computers via.PEU chann;ls.operatiné
at a maximum speed. of 1\Mﬁz. For.this'reason.thetstructural technicues

used in the AMS controller were similar. to those previously employed4 with
’ ) . - . ) i g -5 “ . ! ‘
et some modifications to account for the increased operating speeds (10 MHz)

' ' . - s ' ’ Yy s

i - . g

el

IERJ}:“ o S d Fh- - & 3:2>
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discrete components,_and takes advantagé of whatever repetition is

. 28 SR

¥

and complexity. In. addition, atvtﬁe,timé”oﬁ"the original-design.of ‘the AMS

controllef; there were available two 1ogid’fémilieé'designed for operation

\\

at speeds-in excess:of 10 MHz: Schottky‘Trénsngpr—Transistor—Logic (TTL) ¢
1151, and Emitteeroupied—Logié“(ECL) [16].  The ECS~is rated to operate

-

much faster than the TTL but requires more -power and does not have available

o s .
»

the'large agsortmentvof complex functions that Ehe TTL family has. The

n ’ 4 . - A \‘ 7 X toe
ECS logic is) however, truly a high-speed logic family, whereas the Schottky

{ L]

| pTLL is more a médiumfspeed family which has been speeded up through the

.internal use of Schottky transistor technology. All of the previous expef—

‘ience of both'fhe.designer and*laboratory'has'heen with the TTL family and

. this otitweighed the advantages of ECL. -The TTL family was used.

‘'The construction techniques used'in the AMS controller are the same
e _ ! , - . - :
as those previously employed in large digital laboratory projects. One

- »

parcels'up thg reéuired circuitry into'sections which are 8-12 circuits

o .

ieach ahd dévelops printed circuitvboards ﬁpr each of these parcels. "The

boards are built and interconnected thrOuéh,the'dse of a priﬁted_éircuit

edge_connegﬁor\and-back.p;ane»wiringr This - technique pr@vides a very high

*

density of circuitry, allowing convenieht mixihg.of integrated circuiés and . .

P . "

o

available

v LI

i

.in the qir;uit design. . An alternative épproach'would be to utilize commeyr-

-

cially availablé random Iogic panels atlﬁhe cost of some density, increased

diffidul£y in'handling discrete'cohPOneﬁfé, and loss Qf.the'adVan£ages'of
repetipive iircuitry. Theré Qould pg’two signifiéaﬁ? advéntages?éﬁ the ‘
use of these logic panels: 1) all of £;e,cirCuitry,is‘aVailablé}tohge .
pfohedﬂat oﬁé timé, whereas.Qithvindividpél dardé;many ofgﬁhé‘circuiﬁs are
hiaden ;t'apy‘p;;ticukgr ;ime, and 2) thé'paramétersfbf theulogiq board are

1

- o . | < - o . S . : .
such that allwof the interconnections are uniform iy their transmission-
,_'_,-——-—————"*"—"__"‘% - . . . A F] 3

¢ R

2

v, -~

: . . ~ . _ :

.
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X
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. . . .
t L L . . .

"chafactgristiCS and so the problems of operating at yery'highiSpeeds'are_.

- »

somewhat simplified.. . o e
- v . v . : / .

Figures 4.2 and 4.3 are pictures of the AMS .controller which: was

“ o

implemented.
&~ 4.2.2.2 Memory Implementation o p k j - ’ . o '
. " A single bank of AMS memory;(262K‘64:bit words) requires the installation -

~

of 16,384 memory devices plus approximately‘j509‘other'integrated-cirCuits.

- - - *

Were the construction techniques: used in the controller extended “to the

« .

memoky, roughly 1800 catds'Wou;g.be required,.and this number"fs.totaliy\wsi-'

T e ) . " ‘ . .
unreabéna@}e. Instead of 8-12 circuits per card, the-memory was.implemented

4

by examining the required.intérconnections and choosing a gingle card con-

figuration which provided the minimum printed circuit-:card interconnections,
. thus saving the cost and time of the back plane Giriﬁg'as well as increasing

the reliability. A card configuration of four bits of eight files was

_chosen which required a printed circuit with 256 memory circuits and 16

. . . - P -
support circuits. Including power, ‘88 printed circuit connections are

required per card. Sixty-four cards are required for a c0mp{été bank. In
. R ~‘ . P * o - " ‘ o ) N
addition to the memory card there are -three. other. card typgs necessary to

w -~

implement a memory bank: a dual file. control card, of which 16 are required,

<

and two bank control’éa:ds, of which one each is reQﬁired. Figdré 4.4 is a

‘

g . picture of the memory capd'and Figurés 4.5 and 4.6 are pictures of the ; P
- memory bank which was implemented. Figures 4.7 and 4.8 are pictures of the

' 1 . . .

full quarter=million word system. v' o

N .
—— : . 1

w
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. ) 1 ,
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CHAPTER 5

SYSTEM PERFORMANCE

’»

‘

- 5.1 Introduction' Y . ‘ ‘ R -

» ) e it . o -
The performance of the AMS memory system will be deSCribed in two - e

. - P . B . . - ¢
sections:‘ 1) Controller performance, and’2) Memory performance.

. . . . . . H

<¥ . '5.2 Controller Performance - . «
: : - . ) . o . : ¢

~ “The PLATO system is- heavily dependent on tha availability of a very
highsspeed mass memory and presently uses two million words of Extended

A c . 8 - v K )
: Core Storage (ECS). In this memory &re stored manf'types of data necessary-

-
‘. -

for the~propef-operation of the system. - The position’ of an AMS type memory

< .
as ‘a partial supplement to the Iarge ECS bank and as a further eﬁtéLSion )

- of this memory to the much larger numbers of words necessary to service
* 0 M . . .

o i < housands of users depends on its ability to provide a service level compar-

-

able to that of the present ECS system The tasks'that will be assigned

’ to this new memory , Wlll be s1milar to but increased over those presently

assigned to the. ECS memory. The AMS controller, whose structure-determines

:

' the AMS system performance, was desi gned w1th the particular character—’ ‘ )

lSthS of the PLATO, system in mind The»corresponding performance"levels

2 LA @

of the controller were determined by modeling the task profile oﬁ the PLATO*-~~~~DW

- . s . 4

system and test1ng~th1shmodel in_side—by—Side operation of PLATQ-and-a N

‘parasitic AMS driver.’ , .

. * '5.2.1 Performance Model Parameters

R - - ©
q . . . . ’

The general operation of'the_AMS controller can be’modeledubased-on

the variable parameters, both those-determined by,the'software usage and

N Y. “ . .
y . -

the hardware constraints. The softwa.e determines the transfer parameters

such as transfer length, file, file starting addressy'and ECS.address;‘;Not o

N . . N

qeneré}ly under software control are varsables such as AMS-CPU conflfcts,

L - - : . w ot




=

3

. .. . 36 : \ . ° i

file access conflicts, and phase skew betwee@dpﬁébidle address and the
. . : : . o ® : .

transter starting;addreSs, Enough’ information is availghle to the CPY for
. . . . . o T '
. it to minimfze_thé;AMS-CPU conflicts; filé access conflicts; ;nd.phase skgw,

bu= by examining the ‘software overhead required to‘eYaluate‘ihis information

iﬁ became apparéntrthat this increased owverhead would result in a net loss

k3 LA . o -~
in overall performance. !
( : .
. .

2 AMS-ECS confiiats are those occurrences of simﬁltapeous requests into
‘the ECS controller by both the CPU and AMS. reduction of the transfer,

rate of AMS fésults because AMS.has a lower.priority than the CPU. The

occurrences of thesésevents can be“minimized by calculating the expected

time of an AMS-ECS transfer and having the‘CPU'conduct tasks which only

© N . . . . ~ B . . w N
. require CM activity. ; . . P

-

~ T v

filé'access conflicts are the occurrence of a request by a‘particular\

-

AMS subcontroller tdvattach a file which is already éttached to another .

~

subcontroller. When this situation arises, the requesting subcontroller
S . . a4 . . . : .

will simply wait‘to start‘its job until the required file has been released
by.the other subcqntréller.‘ This situation occurs only éﬁter completion

of the a§signed'transfer job. The CPU can minimize the occurrence of .this

;,cénfligt by assiéning.qnly one job-perta}ning‘to an individual file (many

»different data areas might be contained iﬁréhéWSTQZVWOrd file) per job' . - __

..

batch (eight transfer jobs). ‘ o ) ‘ Lo N

= ¢ The AMS controller communicates the instantaneous rotational position
. . . v ) ‘ s

-

of all of the files which are not attached to an BMS subcontroller whenever 5"

¢ o

. . \ - , © ' . . .
it writes 'status information'to the .ECS communication area. . These "idling"
L > o . ” . _ .

. ,. s . .\‘ ) o, } .',’ o
files are continuously rotating at a slow rate (one revolution per 100 psecs

: : , ' .
< . g . \ o

to refresh the volatle memory).\ The CPU eould utilize this information to
choose which of a possibly large number of. jobs to assign choosing first °
e 43 S
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' =L e I T
‘those which would require %hé minimum rotation of the required file prior to

the data'transfer. This would result in a géneral reduction of. the average

. data access times.. . S L )
= : o ' The implementation ofAthege;software-"speed-up" tédhniques would require
Al' N . ' .. . . 4 ) . ) . ) . . . :
4 large amount of CPU overhead on a per job basis and’is not practiecal. In
. e oR 3 Act: _

: : S . B .o . ’
addition, the actual-performance of the controller and AMS memory system  is (

. o I ’ o : - B R
S k already sufficient jin the PLATO envifdnment without these further optimiza-
tions. . ) .

o)
> o

-_— - - 4 ‘ v , .
The model for the BMS controller operation takes into account’ the

\

" following parameters: 1) granéfér'leﬁgth, 2) Sdarch length, 3) Return

) . p . ) . B . '
.t “length, ‘4) ECS channel access Hueuing and CPU-AMS access conflicts. The

. -

- AMS HardWare élements iﬁvolvediare; 1) the actual;dafa file, 2) the eight
{“ aépéss-subcontro;leré,i%);ﬁhe single GOgiﬁégébit per'secpnd ﬁCS data ghaﬁnei;
an@f4)'the‘iéleifiie contréiler. ' s '
:,Déflnitiqns: J‘r'ﬁ ’ - . ' S . ’ N
.'“ Transfer iength: 'Tﬁe CéU assigns'atfraﬁsfgf leﬁgth td an»AMS ﬁransfer(

« ) . -~

. s wﬁob by,specifying between 1 and 1024 reéords to be transferred (a record is s

eight words). The data lehgphwwill be trénsfgrred to or from ECS sequen- =
u. o Wt . . E A - N . : ’ - “ ; s y
-~ tially from the starting address, which is also specified by the CPU. - This

»

variable is indicated as TL (Transfer Léngth)fand has an average value TL.
_k§earCh Length: The CPU assigns a starting address (from 0 to 7023
- S records) where the AMS subconpfbllér'is to start transferring with ECS,
. : ] - f o - : N

and the subcontroller must rotate its' specific file (always in the forward
a 1‘%direction)‘from its insténtaneOQS positign to this starting position. The
Search Length is the number of record locations that the subcontroller is

A - *
<

required to rotate ity file prior to transferring data, which i$ the difference. -

of the starting address and the instaptaheous iélq address.at the time the
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rd

. o B ( . . o »
file was attached to the bcontroller. - This length is assumed to be a e

uniformly,dist;ibuted mber between 0 and 1023 andvthe_time required to
. - . e .

move the search length is SL (Search Length) X .8 psecs.'c The average of

L ee

this length is 512 recordsjand is indicated as SL. S *

ReturnﬂLength: @nce the sﬁgzontroller hhs'conducted its assigned data

>

f‘transfer, lt must return the flle #0 the control df the idle controller

'idle,controller and then'detachyltself, thus.attaching_the file;to the idle

» . T

It must flrst allgn the flle with all of the other files controlled by the,

. : ¥ . ‘
‘coritroller. This phase of a job's execution is a function of the size of S o

Si, TL, and the number of rotational locations that the'idle‘controller

»

" has moved since the file was detached. Ifwthe idle controller did-not rotate

, . . ’

at all, the total of SL + TL £ RL (Return Length) would always be an 1nteger

.for-the transfer of data and all data must be transferred over this channel.
B B : .‘ . - . B . . ) N oy,

O

E lC
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" length. transfers and had a.SL = TL = RL =,1024. The worst case value of §.

calculations will assume-§ = 0. : ) o | L :

multlple (N) of 1024, which is the flle length Instead the sum iS‘ '

Y
T
.

b1¥1024 + $, where § = T (time) /100 -usecs because the. rotatlonal stepplng

» 4 -

rate of the 1dle controller is, one step %er 100 usecs The total time of

. 3
i N - — 3

SL + TL + RL 1f N "1 is approxlmately 800 usecs‘(1024 X .8 usecs) and. would |,

i . - O i . o . " i
theréfore result in a § Of 8-so the sum of.SL + TL + RL + 6 =024 + 8 = 10325
. - : i :

or less than a 1% incréase. Larger values of N (the largest possible‘value

is 3) and conflicts for access to the'ECS data channel cause larger values

i+ : ~ ., . T : ~ : - .

X £ .
of ¢.. The worst case value is 72 and results when a particular fileé is &

-

- i

required to wait for acces’ to the ECS data’ cRannel for seven other maximum

. . . . . . ) . . C,

L

. < . Y
N o ¥ . ) . - . .
results in a 7% increase. BecausSe this percentage is very small, future

© s : ) . } - . Yoo

o

ECS Channel Queuing: EVen though there- are elght AMS subcontrollers'

-~

. - N —— g > .
s1multaneously executlng transfer jObS, only one channel to .ECS is avallable

.

/ : C e

A - EE T . . v

*
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T This ECS-channel trénsfers at 600 megabits per secdng, which is a record.
transfer rate of one record per .8 psecs. Access to the channel is granted i

N a

‘to just one.AMS subcontroller at a time en’ a first come first serve basis. )

Once the channel isvgrantéd to a subcoﬁfrollér, that subcontroller ﬁaintains
the chgnngl unéil-it hés complétgd_its t;anéfe?,-Which is a-fungtion bf~the.

- 'p?aSEfg§}Zé;gth. Afger Fhe éompieﬁidﬁ‘qf a transfé;, ﬁhe ﬁext'ndmerggal‘
subc;nt;bller requééting éhg ﬁhaﬁnel ié granted it. itA '.A ) o ‘:' ';x

' When a subcontroller haé-performed the jdb of positioniﬁg its file
- : _ ' ES T
fproperiy for a data trandfer, it rmquesﬁs'acéess to the ECS channel in order

-

to conduct that transfer. If_ the bhannel:is busy, the requesting subcontroller
] . : . . . . —— - .

waits until the charnel'is available. -
’AMSfCPU ACcess'Conflicts: The ECS controlier [17] has four porﬁs wﬁich

allow access to the ECS-storage system. In the PLATO system thes¢ ports are °
‘N) : ‘connected to 1) the CPUs,-2) the. Distributed Data Path (DDP) [18] which

‘allows direct PPU to ECS transfers, 3) the Side Door,Adapter (SDA). {19] -
" which allows the diskéito;communicate directly with ECS, and 4) AMS. The

'DDP ‘and SDA can be neélected with regard to their interaction

with the AMS N

aﬁd CPU, becaﬁse_the activity igjtheSe unitS'is‘very‘small. The interaction
7 N . o : : . :
between the AMSvand CRU is significant, however, and resultfs in'What is

_ ?eﬁerfedfto as AMS—éPUvEéS Accéss Conflicts, to bé~dié¢us'ed‘late:. . ; t“
_Ams baté File: .Thé” datafile in 'the AMS is an‘8192 byv64-bit memé;y

L © - area of Qnich'6d'b£t#‘aré-usedva; data aréa'énd éjsingle.bitvis used for

. pari&yjéhéckh The‘éémaihing bits afeigbt used at this tigg.

The datafile

.

is.a dynamic data arga and so must be periodically Yefreshed.or régenerated,
o |- . : : 0 . '

~and this function is\@écomplished.by shifting the file at a minimum rate.
) . . . B \ . . v . K . . S 'V\
Even those files which are not engaged in-a transfer- job must be shifted 'in

e order tg insure that whatever ééta,is held in‘them remains_intact. The

v . . . -
FullTox: Provided by ERIC . - .

&
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manufacturer's specifications for the device require a minimum rotation

" rate of.dnevshift per millisecond,

SN . - .- 40 - . : - : _ v -
AR - : - ' o .

and the AMS memorg guarantees that one

\, .
. .

N 3 . . ¢ .

~ 3

' shift,is performed every Off msecs. ) ' . . .- .

) ‘:..
systgm are the logical units

- These units operate totally. indgpendently ohCe they have started to conduct K

"the four controller ports has equal-dccess to thé ECS system, and the total

,E\.

Aruntoxt provided by Eic

‘aﬁd_then, after that éransfer,‘prepéfg the file for return to the idle'state. N

@ job.  They interface:with ;he un*t which "hands out the jobs" as they are

-of the memory. (ECS) because these bays are interleaved to this level of four.

request criterion is satisfied. If more than one portAié requesting access

RIC

- . . ' - - -

.The'Eight.ACcess Subcontrgllers:’ The ‘subcontrollers within the AMS le _

that prepare a datafile prior to a data transfer - -
& - : . oo ‘ .

s

b

communicated  frbm ECS, the_unit that attaches a file tdha éubcontrolier or
detaches a file from a subcontroller and the .unit that allocates the ECS

data ‘channel. When the subcontrolléers are oberatingion’a file and are not

.
'

waiting for “another ‘section of thg7¢ontroller.such as waiting for the data

cﬁannel,‘they.operate at 10 meganrds per second.* This speed is the maximum
Speed of 'file movement. ‘ o o o P fﬁ

s

The ,ECS Data Cﬁannelz The AMS-ECS data channel is .port number 4 into
the Contkol pata ECS Memory.Controller. -Under ﬁorﬁal conditions, each® of _ .

_

transfer capability of.ﬁhe'fodr ports.combined is 600 megabits per second,

-

in 60-bit words. This'transfer,rate is available only if the requésté1made

to the ECEB cohtrollefzare'sequentially directed to ghé four differeht bays

-

Under the condition that one single port is "requesting access to mémory and

is transferring blocks of data to successive locations in ECS, thgiSequéntiai
. . . : *

to memory, or if a single port répéétééiywfedﬁéétéféCCésé’tb the same bay = R

:
-

of memory, the sequential request critgrion cannot Bé‘gene;ally satisfied; .

and as a result, both the individual apa total data transfer rates degrade.

Y

. »i ) ,v*.. ., o . ) 4{7: . : .‘, _— | ,. E _ :.“
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is nbt.exécuting the ECS réad/write instruction. For this reason, it is 'é

. vitally impdrtantﬁthat all ECS operations required by the‘CPU be cphducted
ECS activity at the same time, and the result would be a,degradétién7in-the

indicates ;hat.thé port of ECS that is”aséignéd to the CPU system is

" conflicts for the CPU, though the AMS-ECS transfer rate_ca;»be:significantly

starting instant. An addfess register is kept by the idle.controller, and

41

~

In the Cyber: 70 series computer .systems; when, cither of the t@o CPUs .

LY A

2 '

proceeds to conduct ‘an ECS data transfer, hardware constraints dictate

that no CPU'activify can be simulténeéusly performed even in the CPU that

r ,

~ e

at their maximum pogsible rate to reduce the CPU dead time. If AMS activity -

is.heavy, theré is a large possibility‘that both the»éPU and AMS will réquest

pegformance of the CPUJ system. The AMS-ECS channel is different from the

. M : N ( ’ ’ . .
other three ports into ECS by the inclusion of a special signal which
S , " ;

r B

f -

requesting ECS access:. . The AMS Qontfoller hses this new signal to reduce

- o

its trangfer requests to a minimum when the CPU ii/réqueSting. The transfer
cannot be totally stopped because the datafiles areAdynamic and require at
least one shift per msec. This reduced rate causes only a maximum of 0.3% .

degraded.

Idle File Controller: All AMS files that are not under the control of
a subcontroller are placed under the control of the Idle File Controller.
. _ : B : _ _ J '
This unit performs the necessary refreshing of the data and keeps track of

the rotational position of each file. Since the data is in shift—registers,

<here "is no such thing .as. absolute addressing. Instead, varticular data

s

bits can be in an¥;pbyéical'posit%on.‘.The data address of the physical

position ig a fynétion of how many .shifts have occurred since an arbitrary

-

all files are aligned with' this register: When the control of a file is

transferred from the idlé controller to a subcontroller,fthe contents of the

.
>
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“idle address register are also transﬁerredgto the.subcontroller. This . !

5 -

information: is used by the subcontroller to determife how to rotate the ‘
file. When a subcontroller is finished‘with'a f%le_and wants‘to_reattach o o 4

" it to the idle.controller, it rotates the file gntil it ieiagain_aligned'

with the idle control address rcqister and thén detaches. ‘The idla\controller‘

rotates files at 10,000 shifts pervsecond.}/V
. v T ! » ‘ A ) // . v .
5.2.2 Model Performance S /{ ' o c .

.~

" In the PLATO environment, the poiﬁ/indicative factor,concerning the
X . . ) . / - : ) 3 ) . . . .
level of performance of the AMS controller is the time required to complete

- /",
—_—y X . - /

all of the jobs'in one' batch since/all of the transfers related to a partic=
- . oL / : e
. . L/ . P .
‘ular user's demand would be packéd into one batch, and the CPU must wait or
. / . ) L . .
P / .
 otherwise. engage itself while fhat batch is in process. In addition, even

/on
i

with processing .overlapped with swapping, the.average time for swapping

in and out must Se less thén“the'average process time; otherﬁise‘theiCPU
e . T ) '

will eventually run out/of wofk to do. A batch contains from one to eight

7 . . . . . 3

jobs, with each/job having its individual parameters. . The parameters of
/, . - . R - " Ll

T . 1,

U ‘each job -and their relationtto the parameters of the remaihing jobs deter—
T ) ' V<‘ ‘ . ! ‘ ' C ‘ ’
mine the time reqﬁired to completely execnteda batch. ’ : !

- For avrunnlng system, it will be shown that usually only the execution
time of,the'first batch'among‘several will‘be important,rbecause the average °. .

, tlme requlred by the CPUs” to process an individual user s data is lon”er

¥ ,

than the average time requlred for the AMS controller to execute the batch

for the next user. The AMS controller w1ll therefore, be ahead and -con-
“tinue to get further ahead as long as.there are batches to do. ‘ ‘

v .

The s;mplesf batch is one contalnlng all: nul] jObS oxr no—op s.” A

partlcular blt is set a51de in the job-control word sent from~ the CPU to_

¥ - L4

L indicate a no-op job. When the AMS controller encounters a no-op job for

.

Aruitoxt provided by Eic: -
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-dpresents a special‘case'of the batch.proceSS model.

must be an integer multiple Jf 1024 records if the rotation of the idle
‘controller is ignored.

‘relation between the starting address of the transfer and the idle address

transfer length, and the RL will be” (1024 - TL - SL).

a subcontroller, it proceeds to assign'it and the subcontroller accepts-it.

However, the subcontroller immediately indicates that it,has completed the

. . . . . ) 3 . :

assigned job and is ready for another: The tlme'required for a subcontroller -
to execute a no—op job is approximately 5-usecs. .If all of thas subcontrollers
have no-op jobs, the batch is 5 usecs ‘as well.’ The AMS'controller'does

uoNT
.

. _ . . , : L , (
‘not indicate this situation to the CPU_except’on;e each 30 usecs, howevér, -

. . -

Yol . ]

to avoid clogging.the ECS ohannel'with_status updates.

.'\

The next s1mplest batch is one contalnlng just one job, and th1s batch
When the AMS controller

engagesfin a single job batch, no overlapping can be emgloyed. The batch

. . . SR

\ . .
executicn time is simply the job exécution time, which is:.

Time (T)f= SL + TL + RL.

@ . (Search + Transfer + Return) -

As statad before, the sum of: o
é . ' L W‘- * r * ‘ ) R
SL + TL + RL- . ~ I o

B

The integer is a.function of TL-and the exact

when the.joblwas started. = If the file is'ﬁositioned'at a location whioh is

“before but not within the‘erea?that is to be transferred, the SL will be

. ,ﬁ‘ ¥ ‘ ) v ) .
that distance~to the beginning of'the transfer*area,rthe TL will be the - o
, In"this case, the ;o -
integer is 1. If the ad//ess transferred from the 1dle controller is within

3 .
the transfer’ length area of the flle, the flle must be rotated through the R

. [

,remainder of the transfer length and aroUnd to the beginning of the transfer

T

area. Then. TL is cycled through, and at thiS'point, more than one complete

@

The RL will be (2048 - SI = TL) and thé .-

cycle has already been completed.




'intoqer is two - In the'special case. where the idle address is very close ole

~and_the idle address,“is:

‘whert P(N x) "ig the probability that the number of cycles equals X.

' field If we assume an average transfer length of 512, we have:

44 ) : ~

a : . : e

L B
<

.

the transfer SLaLLluq addLeSﬁ and the TIL, lS very close to 1024, a total of

" three revolutions miqht be.ndcessary to complete a job. The SL Wlll be 1024;
. B . ) Y .

-

Cy
~3 ) &

the TI. is 1024, and the RL is 1024. The integer is 3. . . A s

The average time to process a single job batch assuming a uniform dis- Tt
tribution of job lengths and no correlation between .the ‘starting address
. ' ' 3 * .

Z

P(N=1) x819.2 + p(N—z)x2x819 2 + P(N—31x3x819 2 psecs o o

-

e \ -

.P(N=1) is the probability that only a Single rotation Will be required, -

which is the probability that the idle address falls outside of the transfer

v

+
-

P(N=1) = TL / 1024 = 512 / 1024 = .5.

“P(N=2Y is the probability that tWo rotations of the file will be required.

h;to transfer and return, which is the probability that the idle address falls

— -

within. the transfer field.

i -

Jov. -

P(N=2) = (1024 ='TL) / 1024 = 512 / 1024 = .5. . : e
P(N=3)»is'the»probability that three rotations of the file will Be .

required in: order to prOcess a jOb This condition occurs onl% when the

. idle address is almost exactly the 'same: as the transfer startihg‘address

' 5 e ST = .5 X% 819.2 + .5"% 2 x 819.2 = 1230 psecs: .

negligible, 1is:

Its probability lS very small and will be neglected o Ty , i é&

. g . . . ‘
Therefore, the average time to’ process a single job, assuming that no

-‘ +

other jobs are competing‘for the ECS channel and the CPU-AMS conflicts'arel pa

S

“

L4




O

ERIC

QAo provided by R

-

” o e : 45

. - ) . - . . - N
For non-uniform distributions of TL, the probability of a batch .
requiring 2 revolutiong is: ; S _ _ , ; :
- S .. e . . o I

| % -,‘ A§(20485"=_, P}TL)d(TL)j . . - . .

and S < . o | -
- 9(1024)45 1-P(2048) - . SR i““

ﬂ.and— N |

AverageijﬁbfTime = Average‘Batéh'Time =
I .+ 819.2xP(1024)+1638.4%P(2048), .

™

7 - . N ‘P .~ - . - - N ‘ . - .
Given a linear distribution from a maximum at TL = 1024 'going to zero

s

at TL = 0, P(1024) = 1/3 and P(2048) = 2/3 and Average Batch Time = 1365 usecs.

More typical batches encountered in normal»opération»of the AMS. system

in the PLATO environment are those which contain more than one jpb} In the

evaluation of these mdre_cSmplex jobs, additional factors need to be con¥t
. - . . . . o

- .
-

. . ‘ ; o L S
sidered. In particular, since more than one subcontroller is operational,
: ' . . . . : : : ) . e .

only the access time to the first job will be of‘concerh;"and the queuing
for the AMS-ECS channel will be dominant.

6§ ' The overall time required to exacute ,a batch is determined by'thé sum
_ - oL I ' A

- P g a

of the access time to the first job, total tifte to transfer, and the average

time to return the last-%ob to the idle controller. Since it is assumed
E . 'ﬁ L ! ! ‘ a -

\that:there is. no ¢orreiation bétween,ﬁhé idle’addness~and the filglstaréing
éddresseé and»tﬁat,the sta;ting addreéf%§3are'randomly placed, the;yéiue Qf
‘the first term can be calculated as é funcﬁion of the number of jobs in a
batch and the P(TL).:

;The,digﬁribution of acéesé times to the firstrjobvfor.a uniform diétri—

‘bution of TL can be shown to be:

LA

s,
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B
B
%
e
0

TL/1624)Xh —TL/1024) d(TL)

[ . - .

o ) m ’ '
and results. in an access length with an average value of 1024/ n¢1)
Y

.

For non unlform distributions of accessitimes,[the dlstribution of
~ . . [
P‘(Ij“g[.) is; . ’ : . S §
. 1023 b
- .+ P(FSL) = P(TL)an(1;P(TL));*-mL)
‘. o s p

-
3 »

In" the case of a uniform P(TL), the average difference between the
: s B - PR s . -

v@huess time of the flrst.jobAand‘the access time of the secénd, job, which

det®rmines the amount of data that’must be transferred in order for the
T _ ‘ ' o o .

access time to the seeondijoh,to be covered up is! ' - .
o €1/n)=(1/(n+1))=1/n% (n+1) ) . - T
For a batch using all eiéht-subcontrollers, the avérade'access to the
: Lo

g " 4

first batch is 1024/9 or 113 records or 91 usecsgﬁ_The'length from the

access to the first job to the second job is 4.2 'records or 113 words.

the PLATO system, the minimng/usable data parcel is greater than 400 words,

"

and therefore a very high probablllty exists that the transfer of the data

from the flrst job will completely overlap the access to the second jOb
Once the first jOb has been accessed the ECS data channel 1s the

. .l,,
timefdetermlnant factor,

_ and as such, the sum of all of the/
. & ) . . - . M 4

ransfer lengths

enters into-the total batch time. After the last has fipished with the

the batch will be complete. 'There is no overlapping  dyailable for this

The total batch time therefore is.as follows:

BT=(i024/(n+1))+(nXEEj+512 cycles
if -the minimum transfer length is 1024/((n+1)Xn) .Table 5.1 shows' expected

I

. .
‘

.

.Inl

.-

e
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: v A . : : -
v total batch time and minimum transfer lengths to maintain high AMS efficiency
as a function of the n and TL:. These numbers assume-that the distribution
; : ' . o ; v . v
- S _ SR TR S : .-
" of transfer lengths is uniform, that the transfer starting address is un- -

e -~

sorrelated to the idle addregs,.and that ®he transfer Qddresses are randomly

1 . o
located. = . : _ -&Y,T“a v I
. - - Table 5.1 ( 3
' Batch Times and Minimum TL (records) o e
, . n 2 // -3 - 4, 5 6 7 8 =
2= . i — : . A ‘ - / v
. e . o L o -
Coe 100 1053 - 1068 - 1116 1182 . 1258 1340 1425 .
, . 200 1253 1368 . 1516 . 1682 1858 2040 *© 2225
a 400 1653 “1968 © 2316 2682 3058 3440 3825
L 600 2053 2568 3116 3682 4258 4840 5425 ‘
L © 800 2453 3168 3916 4682 .. 5458 16240 7025 .
. 1000 2853 - 3768" © 1716 _ 5682 ' 6658 /7640 8625 = - .
] *  minTL “170 - 51 34 24 - 18 Jo14 11 \
» ) o a o + S ) - . !‘ - .

a : : oy —
The total amount :ransferred is the TL{X n.
¥ . e L. .
The efficiency of the AMS controller can be seen by calculating an -
effective access time which is the differenceﬂbgtweén;thé time required to

[ actually transfer the required data’ and the total batch time divided.by .
. o - N . - - ) : ' -
: the number of different files transferred. ‘ : E d
Effgctive.Acéess Time.(EAT) = (BT- (TL#An))/n "’ o .
, . When the transfer lenéths aré.subtracted, the effective access time is
only a function of-the number of’subcontrollers active. See Table 5.2.
B . o Table 5.2 - - . ' .
' ' EAT vs. n : ‘
. : A . e ‘ \
n 2 T3 4 5 6 7 8
L I #
Do . - . -
Ca - EaT 426 256, 179 136 109 91 78 ‘ .
: ’ (cycles) : , : , e . S g
. . . " . v ' ' X -
LN\, - - EAT 347 - 205 - 143 109 87 - 73 . ;62 -
ER . (usecs) - o -




" ) o & . ' - : .' - o
N .
. - ) N .48 . . B . ) -
e . et

A1l of the above data applies only to the first batch’of possibly

soveral. In Chapter 2, the procedure . for handling multiple batchésvis o

v [

Jdotailed.” In this case, the time tg_précess batches after the first is - & v
, . . o - - : ; _ '
’ . ~ ) . . ’ ! 3 . '~' . ‘.0 . < \ v
entirely lifiited by the transfer time since, even the first access and return
L ] - v ! - » . L v
timés are overlapped. o : L - - e e
. a B v . ™ i ™ . - ,

- : v .

.WWo‘additiohal factorS'affect the'overall’pérformanqe‘of the AMS ~

o - i

memory ‘in the PLATO~syStém: ‘the possible satdration of the ECS* data’channel ¢

. N N . A} . . .
and.the reduction of the datatransfer raté of the AMS -due to its low . .
N n . . - > . . e )

L pfiority with respect to the CPU. , . . o ‘&

w A
o -

In a working PLATO sistem, the percentage ofwthe‘available‘transferf

* bandwidth into ECS used up by the CPUs 1s relatively small. This situation

—t : . »

p:événts the severe degrading of the CPU performancefgince,the CPUs a;é ‘ ‘

. ’ | N ’ . . - . ! e . . .

* . idle while such transfers take place. The amount of ECS~CPU transfer. time \
- s ) . : » " o v ) i +
measured in a systefn with 400, users, active is approximafely;1@%. The ' .
extrapolation of this number to a 1000-active-user situation gives an ‘
estimate of 30% for CPU-ECS activity. Given this 30s féquiremeht of the ™

o

CPu; the measured Qaé% th;t eacﬁ‘uéer {gquirés majof CPU service on an .
. P ‘. B B ’ . ] .
average of 'once each four sec;nds,;andap.estimation of the data base required ' -
) B, A ) E ) : BN
o s;rﬁigé‘?échfuéer, the totéi utilizatidn df the 600megabit-per-second
;ECS chanﬁel c;n 5é calcuia&ed.- It isaegtimaééd that each.PLATétusér‘will

~at mQSp‘requiﬁe 1) student Status‘information (student bank) of~500>wordsf

4

2) lesson material of an>avenage of SOOO words; 3) common data blockst of L
: K . ) n I .- e . )

1000 words-and hmiscellaneous data blocks of less than 1000°words.  fn

s addition} the stﬁdenﬁ bank,'énd perhapé the common data block, must be- . . ) -

written back. The total data requifément would be less tha;‘9000 wofd$ ‘ ' &

é%ery four seconds. On the average only 200 Wbrds of lesson material will

PUEREAN . -

. be read into central memory. One thousand users would require 250'prooe$ses ‘>

. ~ ~
"~ . . . -

“ A o i

Aruitoxt provided by Eic:
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per. setond uxr 2 225 mcqawords per second at a maximum This data flow repre-

LY

sents 135 million bits per second or 22.5% of tHe ECS data chanqel. Betweeh

z -

.  the AMS and the cPU, 52.5% of the data channel miqht be required but 57.5%

N .

5 ’ would still remain for peak abs0rption'and,otner.uses‘ 7

" As stated; it is estimated that 30% of the EGS data channel will be

® a

. n ’ N ..l i ’ N i o . .
" consumed in. CPU' transfers.. The AMS controller assumes aﬂlow priority with

N respect to the CPU in order to insure that AMS transfers do notninterfere'
L - i L A & o T

_“fuf with CPU transfers'and thereby further deorade the CPU performance. However,.

. . - o
. 1 -

& - this action does degrade thé performa?ce of the AMS controller, because only
. RS , .

: 70% of 600 megabits per second are ava:i lable, so the time required to oo
‘e ) &

transfer ‘data files will be correspondingly lengthened. 'Since, after the

- .
’ Lan

initial access tQ data is accomplished the time rehuired to process a

.

»

bitch is limited by the time required to transfer the data'and not'the

' ’ ccess +o files, the 309 reduction in the Lransfer rate Widl be readily o
. , . . ) - .
apparent in .the operation of AMS.‘ In the calculations.previously detailed,
: o » : o e : . .

@n

the access to‘first transfer and the time to return the last file to the
idle contrgller are'unchanged, but a 30%’overhead'must be added to the’
. T } ) i
3 _5 transfer_time. .InAmost batchvmix;si=approximately 25% will.be'addedito'
the total batch'timefifThe calculations ooncerhing'tbe ECS cbannel s;tur_

¥ 2 . e
Lo

s L ' s ) &
arion remain unchanged; ho%eyerr o ' e
. N s -

Simulated batches were configured and submitted to the AMS controller
to determine both the operation of the controller and the accuracy of the
modeling used to evdluate the performance. :Small jobs are the most difficult
- - . ’

for the AMSbcontroller to handle because the ovefhead is constant for all

[ .
~ - . 5

transfer lengths and therefore is most evident for short transfers.” The
student"banks required when a user requests CPU activity by preSsing a key
.. Pl h : . ! ‘ L oo

~ is the smallest data field that PIATO would use; thus this filewwas used as

, T "

. . .
. . s . v

P e : : BN

y .

[~
*
QO
G

a . - . T o »
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"the source of jobs. A parasitic'CPU program was run at a different control
. . . 4 ) . ,‘ . ) i Lo B

ﬁdint from PLATO, at a higher priority than PLATO, and used the student: !

2

=,

" bank list supplied by PLATO to assemble jobs. for the AMS controller. File
- ’ Ll e . ) " . -

. : . . -
s

’ ) _ ) ' .’ . N . .
lenuths of 512 words were used. Since the parasitic program was operating ~

at a control pointnabové PLATO, all of the time spent exequt@ng;this logic
v : . . ) )

T e

¢ . detracted from the time available to PLATO. Various‘different loads were
. _ = 3 . . . .

a . . : - P -

triad ﬁroﬁ slidhtly over 100 users to over 220 users, whiéh resulted in a p

variation from five to eight jobs per poll on the averade. The‘fesults'
of these ‘tests are shown in TabBle 5, 3. T ‘ ‘
. vc ‘a . B . ) .
. ) Table 5.3 ° @ _ .
R . . . Empirical Data ' )

, 5 — - : .. b
Users “Jobs/Batch m&/Batch Meas.a ms/Batch'Calc

> 116 ©  5.19 " 1.50 ' 1.499 )
- 120 5.77 1.65 = 1.522 .
w 4 155 6.04 . 1.66 ©1.535 : s )
' , . 185 7:15 . . 1.90 - . 1.625 ‘ - )
220 7.87 S 2.23 T 1.934 o '

a ms/Batch Meas. is milliseconds per batch measured

ms/Batch Calc, is3milliSecoﬁds per batéh calculated

. . Y . 2 R . - .
The measured values were’ consistently slightly higher than ‘the calcu- -
: L] rs B . : . : - # . e i 13 .“ ; .
lated values,'which indicates some degradation. due to the CPU-ECS transfers.
(U ) '
. If reasonable Amounts of

3

CPU tifme are assumed to, determire the amount of
1 .

'ECS ‘data channel bandwidth by the CPU, (5%¢at 116 users to 10% at 220 users) Co

<}

pPlus an additional 10% for the ECS bandwidth required by ‘the parasitic test o .
' - program, the results in Table 5.4 are obtained. e
: ~ ) T -
‘ ) Table 5.4 -
* «» - Empirical Data vsY Calculated Data ‘ .
. . users Jobs/Batch’  ms/Batch‘M  ms/Batch C Error
| . . A - : : .
® » : R RS :
116 5.19, ©1.50 ' 1.622 7.5%. :
120 5.77 ., l.es 1659 ~  .5% T
v , 155 : 6.04 1.66 < J.e88 .78 ’ :
185 7415 0 - 1.90 - . 1.813 . -4.8%
2

220 7.87 .23 _ 2.195 -1.6% < ‘ '
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. The average transfer per job is only 300 usecs, which is short‘enough'to‘

~

— T make AMS ‘usable even for short jobs.

Overall the AMS ‘con ller proves itself to be entirely usable in
the' *PLATO system even when operating with only<short Jobs and would be a

usable'addition to the memory “hierarchy.

5.3 Memory ‘Performance

¢ . }
- i M ‘L . . - - . <
Several problems were encountered in’ the assembly and testing cf the

" memory portion of tHe AMS system. The principal problems were those nor-

o . ° .. : . T e s EER
) " . . . g~ : RS .-
.mally;assocrated Wltblthe manufacture of any large digital systegf system,
. - o E . : ] . . . ) )
noise and component reliability. T : T . .
oo o ] . s

" 5.3.1 *Memory Noise e . 3 ' |
. : e . . -

>

In ‘a bank of AMS memory, there are over 17,000 integrated circyits ’

~

hlocated.on 82 printed circuitrcards;" These cards are interconnected for "
" both power'and signal purposes through a system of back-plane wiring and

printed circuit edge - connectors. There are 88 connections (some of which

v . W
are paralleled ‘for ‘power Supplies) to each of‘the circuit cards. In addition,

. ) it lS the nature of the MOS memory circuits ~wh1ch by far dominated the
.3
number of circuits used (16 384 per bank), that they conduct the majority

:

of their current onIy during trans1tions of ‘the clock pulses. BecauSe of
this characteristic, the anount of current required of the power supplies
isvvery irregular both on a short-term basis and»a'medium—term basis; THe
-.current required for anlindividual devioe is 1000ftimes as high during a K
- clock transition<than4be$ween.thesé transitions. .The current.for an’ihdi— E
. P ‘ . y _ R :

. . vidual file is 20 times as high while it is in the active state (being
. : . : ’ . 4 T . . B
: - searched, transferred, or returned by a subcontroller) than when it.is in

an'inactive state (under‘the coritrol of the idlee%ontrgller), This large

variation in rthe power supply. current requirements causes-noise problems. -

» . -

¢ : V . .‘_' ? ‘ . f

FRRIC . 7 .58
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! * ! ‘ . e 0 .
B In any power distribution system, some residual resistance exists between
. the power supply and the load, and the variation in the current causes a
-ﬂcorrCSponding'variation in thevvoltage drop between the supply and the i
-load;<wIn~addition{ in large power,diStribution systems, the inductaiice in
- thc~power'cabling becomes significant and the speed of the change\of the
load current develops_&;&oltagé‘drop'determined by the'induCtance.' In
anticipation of the above problems; the basic power supply distribution
- @ . oot ' . . .

’ . . - . . .
- . . Lt . ]

system‘utilized:l/é" X l/2”.aluminum‘stock aSVMain.busses.and three,#8'
wires'paraileled’to.interconnect chassis~tovthe main.buss;. This power - . . 2N :
:u:network°proved,to‘be adequate for long term (Current-x ReSistanceliregglae
‘ tion. - , ‘;. ,: e‘ : T - _‘. B Vs. '

Only. very massive amounts of power bussing and very low impedernice

-

power snpblies'are capable of limiting'the amonnt’of power supply‘noise:

"caused by the short—term variations in the power current In genenal

the power distribution system alone is not capable of. handling vthis noise,

and additional capacitors (high frequency shunts) need'to be added;' In
the original design of the AMS memory modules, more‘than ten 0,1 de_capacitorsj
- were located on each circuit board, but after operation of the nemory) an~

additiohal 16 capacitors nee

to be added‘to each board to'sufficiently

reduce the power snpply n.ise: Olce a sutficient amount 6f capacity was
aQailable‘and itiwas proberly distributed, the noise ofoblemsvwithin the
.memory'piane were erroome. - . ‘; - o T |

5.3.2 ' Device Failures

» . More than 17,000- integrated c1rcuits are assembled to construct a

€

Single bank of AMS memory (262k words) of these, one device comprises
3
a, . . - :
"+  the bulk of 16,384 and a‘second‘is nSed'in a quantity of 512. These two
- devices also accounted for almost'all of the device failures encounteéred.
. - . . ) . " o 4 . .
4

s - .

L

: i :V‘ 4 : - j._b‘ :_Si) N - )
[MC S N
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The modes'of failure of the'two devices were similar and took two forms:

immediate failure upon~initial'insertion, and 2) failure afteriseveralv

Houxs of operation. Failure percentages for the t%o devices are tabulated

v e
o

in Tahkle 5.5

Table 5 5
DeVice Failure Statistics

: Device'. . Usane e Failure o - A:' .
. ' v US98 (tnitial) (Later) -
Yy o (nat o |
Ed 16,384 420 - 3% %10 ~.45
. 512 48 - 9% 5 - 1% IR

N e - . . ‘ .
: ., & ..
. ~

5.3.3 iMemdry Reliability

— \

. . N N : “ o ) .
. Once the}assembly and testing problems-were overcome-and-the _memory

"could be fully tested the major cOncern was total reliability of the. memory

- -

system. -The AMS mémory was deSigned to operate in the~ PLATO system, and

-

e

since this system serv1ces almost 1000 users, 1t would be unsatisfactory,
- . ¢ N L -

for any memory element to fail except on very rare- occas1ons. The memory

. sectibn of the AMS memory did not prove to be capable oﬁ such a high level

v " °

of reliability. The reason for this general volatility proved;to be nherent

in tHevoperation»of the;P-channel‘MOS'devices used. —
.ﬁThe/basic storage element mitnin the PecnannelyMOS dynamic shift
registerlis a simple capacitor.’ Figure_5;1;is a‘schematic of this basic'
- cell 3#d shows a capacitor connected between the_suostrate and the gatebof ,
tne transmission gates. This capacitor seryes,as the 9torage elementtand
‘is)éefresned every cycle of the'clock,.which also shifts thefdatabof one

~

s . . .

/- o . o L ( . .
cell (shown) inta thelnext~celliand.Shifts the data from the previous cell

c L3 . .
'~imto this cell. The implementation of the capacitor is in the forxm of a

I . . . s : , Coee L . " L .=2/3
;reverse—biased diode junction, which has a capacity proportional to V /3»

S

3 s

‘/and has a leakage‘current proportional to e’ , where T is the temperature of

v

’ ]_)’? )




. - - . P-CHANNEL MOS DYNAMIC MEMORY CELL

Figure 5.1




»

O

ERIC |

PAruntext provided by enic [

to ‘the other.  The reason for this failure is as follows.

[} . «
. sional bit is aropped. . ‘Jl . T . : . >

55 , S
the junction. The amount of time that data is stored on-a capacjtor is a
function of the capacity and the temperature. The manufacfurer‘s»épecifi—

.

“cation gUaraﬁtéeSAthat the device will maintain data over a frequency<range‘

from 0.07 MHz tb 2.5 MHz, correspoqding to a cycle time of from 100 usecs
to 0.4 usecs over an ambient temperéture’bf 0°C to 70°C. The AMS system

limits the operation of the devices to a range of 100 usecs to 0.8 usecs.

HoWever, although the devices are rated to operate over this range, they . .

k4

will not reliably operate if the freéuehcy;is quickly varied from one extreme

.

Leakage fhrpugﬂ\thg stqrage capaéitbr is an;exppneﬁtial funétion/of
Ehe';ermpérature_of the juﬁc?}on.'ﬁAf slow sﬁéeds;ithe'tempe;ature of the
junction is very low (evén though the ambienf temperature might be'relativeiy
high) because tﬁevnéarby_transistors are not switching ver&kfast aﬁd satu-
réted‘MOS transistors diSsipate‘the bﬁlk‘df théir pbwg?‘ddring éﬁe aﬁtuél‘
switching func?ion. S}née'the capacitor ieékage ratéwis 1ow,.1ohg‘pe;iods

between reﬁréshes can be'tolerated;»as is true during low-speed operation:

3

‘At fhe‘oﬁﬁer’extreme, during higgéspeed bperation,~éhe'témperaﬁure of the
N ” , T ) :
ﬁunctio? is quite-high aﬁd‘the leakage is very higb-as well. Ho@evqr, the
;celllisvrefresﬁediyer;féf;en-by the clock.and so‘data;ié maintdined. o
Howévef, when the data rate is i;sténtly cﬁanged ffom a highvraté to ér

, ! i @ " - e .
low rate, the tqgggpat&re of the cell does not change instantly, and for a
. N . . . o ’ v

short period of time the température -of the junction is high but' the refreﬁh
. i . . A . ) . . ) _‘ by R .
rate is low. During this time the hargins are “greatly r?éuced'and an occa-

>
P

*

-This problem is very difficult to obserVe carefuliy_and as such has -

beeh diagnosed by observation and through discﬁésions with engineérs of the

-

s -

-
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integrated circuit manufacturer. No.mentiqn.of any ptroblem of this sort -'is .* -

- - .
| évontained in the data sheéts on the uses of the device. - ‘ .
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CHAPTER 6 -/

- ‘ - CONCLUSIONS
The purpose of this work was to discover ‘and demonstrate a new method
of‘cdhtrolling'seriail§—orgaﬁized,memories in such ‘a. fashion as to make
them usable as high-performance swapping memories in interactive computer
E : ) .

systéms, This purpose was accomplished. o %

In the coming years,’ the semiconductor industry will be introducing

4

higher density,. higher performance memories. It.is my belief that as the
denéity1and Sbeeds increéSe, optimhm‘nperatibn will ‘be obtained by éerialw
mémorfes,‘becduse.they are potentiaily simpler and because of their lower

.« interconnect requiremehts. If effective means have been demonstrated for

the operation of these memories, they will be more widely accepted, with
the result being the availabflity of less expensive mass memory systems.

.- . .Recent strﬁdes in the fechnplégies associated'with.RFndom cheég
Memories (RAM) ﬁave reduced the qost'of theée'ﬁémories below eveg the
.\ " . parts coS£$‘6f.ghe P1Chapﬁél MOs devices used'in‘this‘éxperimént. This ’
idevelQP@enﬁ is one iﬁdicatof.qf therenormbus}momehtum iﬂ the semicondhctor.
ihdhstry; It aléé shows thét when the semic;ﬁdgttor imdustry attacks a .
pyéblem;ip foree,"as it did in'f;ndihg a device to Eompete with ferrité
cofe mééories, very remafkablg‘adqanéés can rgsqlt."If‘a*siﬁila£ly intensive

o
%

effort were placed in-finding a product comﬁetitive'with magnetic disk

i~

memory, a very inexpensive serial technology might emerge. CCD and Electron

Beam memories might be the hint @f the future téchnOlogies
. - o N

. : ) ®
in this area.
Onge a really inexpensive device is avéilable,'techniques.such as detailed
in this répbrt~can be applied to further impact the mass memory markét,

The.details of this report'do not totally define a mass.memory system

in its optimum form. Several modificétiohs»need to ‘be added and more

I £

s : _ e ~ CoT /
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: investigation needs to be conducted. 'In;particuiar,.thé data reliability

" —problems that were encountéred point directly to~tHé‘need for at least ,

single bit.error correctidh.being added. The fact that the ECS,data-chanpel'

N K -~

-
’

transfer times are the dominant factor in the performance of the system in-

dicates that 'additional ports ought to be added to the memory controller. Lot

. The additidnf0£'aux}1iary ports would alldw data: from several sources to -

be simultaneously Eransferred into

- (]

AMS. Much of the data transferred

- -

into AMS originates from sources
» O s v

other than the CPU. Disk transfers could » .
" . . ' Iy .
LY . 1

be passed to AMS via these new ports, . Implementation of these and other - .. y

. v . - - ° " . k’ ) ’ '/’;
modifications to the AMS controller déscribed in this report would result /

. . i .
- R - v . L .
. . , .

-~ in an even more effective serial memory controllér. . s : CoL o B
. . . S - . CO
, . , . . . . L co t
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" CHAPTER 7+
APPENDIX

" Control Word Formats

Following are the word formats of the -60-bit

o

words used to communicate
C Ninic .

-.job parametérs'fromkthe,CPU to the AMS controller énd the job status from

the AMS controller to the'CPU" This communication is conducted via ah:ECS :

‘communication area.
. L4

visory PPU chgnnel are shown.

4

- IA,addition, the_12-bit word formats used by the super-
L . ) : .

*,

~
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o , CL . . 4 . 60 . ) ,. o ’:“... o
¢ . i a ‘~// o ‘ L. " . o . . . . ﬁg ?‘ '. 3 i ’ B . 4%.,— i
7.1.1 ECS COMMUNICATION RECORD FORMAT , B - ' ‘
. ‘ SEEKER NO. O JOB/STATUS °| WORD O
- . o SEEKER NO. | JOB / STATUS ~ WORD 1 .
| SEEKER NO:2 JOB/STATUS | WORD 2
= - 5 -
¥ c L . R _ . _ ,/ :
== | SEEKER -NO.3 UoB/STATUS| | -WORD 3
A T SEEKER NO. 4 JOB / STATUS " WORD 4
s - e SEEKER NO. 5 JOB/STATUS | WORD 5
a : . . = — : “
SEEKER NO. 6 JOB/ STATUS . WORD 6
B . m— . : .’ .. . 4
SEEKER NO. 7 -JOB/STATUS . | WORD 7
. 3 ‘ . ' B . L .
(16 SUCH RECORDS ARE IN ECS )
Figure 7.1
] . ’ ! v : . *
.=~ Y 7.1.2 CONTROL WORD, FORMAT
, . 4 Q ) N
M - 1 10 9 - - 0 N .
//A TRANSFER LENGTH (RECORDS)
e - 23 22 2i : ) 2
5 o % " FILE STARTING ADDRESS (RECORDS)
35 33 32 B , 24 i
4 /A AMS FILE NUMBER
a7 S 36
. ECS STARTING ADDRESS (BITS 14-3) 4
B 59 58 87 36 ‘55 54 53 48
e ]
o Y o |aeior|wRT| ECs aDD (BITS 15 200 | .7

. AMS 60-BIT TRANSFER CONTR'O‘I’_' WORD
\ ‘Figure 7.2

-_67‘  
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o ~Exp1ahatignfof pa;ameter field designatibhs used in Figure,7.2:

Transfér Length: .THe number (10 bits) is the number of pecordsA(sets of

-eight_yofds) to be transferred. . - ' f‘ .
(i 20 e .
- e . . , j
}  FPile Starting Address: This address (10 bits) is the address of the first "

o * < e v‘ ° . ‘ s s . N - ) N
~record within the designated file that is to Be transferred.
‘ ® ‘ : i ¥ #

‘ .AMS File Number: This‘number (9 bité) is the number of the actual AMS file

- : . . ] - :
that is to be the source or sink “for the transferred data.
) . . . )"
t - : . -—’: . - ! .
ECS Starting Address: This field (18 bits) is the address of the first

k4 »
-

“ 1 ‘ - . . ) . . ’ .
. ~:record within ECS that is' to be the sink or source of the
. & " - : o -
. ' . ) . » » T
data transferred from AMS. All data is written -or read from
. AN . N / . -

¢onsecutive locations a%ﬁgr this ohe.

* v

APE: Abprt on parity .error: This flag when set causes the AMS.controller
’ - 9 . . . . N . . . N .
' to abort a data transfer immediately if a .read parity error
. AL - .
- is'di5covered. This flag applies only to read AMS operations

- -
’ .

because on an ECS read, the ECS cohtroller automatically

4 performs this operation.

o

NOP: No-Operation: ‘A conﬁrol word received by.the.AMS'Contfbller with thisl

bit cleared (set to "0") is interpreted idenﬁically as if it
o ~ , . ) :

were all zeros. ‘This provides the’ AMS Wwith a "pass" or

X . "
¥ - .

"fill" instruction.
'WRT: Write: An AMS.control word with this bit cleared will cause an AMS

-

read operation (AMS to ECS data transfer). "If this bit is

set, an ECS read will result (ECS to AMS_data transfér) .

- co . . . v
8 . o . ¢ o g .
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All words read by-the AMS controller with bit 57 cleared are interpreted as .
’ . . ST = S N . N
Transfer Control Wordé.: The AMS controller. sets bit 57 to a "1" when it
' < © o ¢ - ) n . K
writes AMS Transfer Status words to ECS. o e
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BExplanation,of terms and fields used in Figure'7.3:

- -

B HhQJged: This bit is 0 if tH®e seeker corrospondlng to thlS word number

e ..
-~ - ~

is presently enqaqed_in the execution of a job. Otherwise

* t - . (. v
. . . ? L
i1t 1s a 1. ' ’ .

- Jot -JJob Conflict: This bit' indicates Whether job conflict exists for .

.o fﬁis segker. A jobvcenflict is ehe,ceqdition whereby new
_ job parameeere gre beihg supplied te-a‘seeker whieh is aiready
5usy. This is not an error con ££idn but rarherwindicates o -
o - . -3 . o ; .
“ that" the Seeker in questiqﬁ has a new job to start when it

v
”»

completes the one it is presently performiné.

: [ : - _ :
A: Abort: This bit indica;eé that this seeker has aborted its job pre- )

- maturely due to either a read error in. AMS or an abort
N i : e . ) ’ _

' 1 . N ‘/ ~ = .
o © indication from the ECS controllet.
- v . v . . : " . .
. e ) . LN . . . . : e

< 4 . *

CR: Return: This bit indicates that this seeker is Presently in'its.return

©

/‘ ! . . v . .
7 * phase of a job execution. = = - C e T ‘ IR _ ﬁéf

] <

S: Search (Scek): m“is“bit indicates that this seeker is presently in its

] B - -~ search pr seek phase of a job execution. |

] @ -
e o

PE: Earit&,Error' “This blt lndlcates that a parltf error has been deﬁécted

T . - 7 s
4 71ther by the ECS controller on an ECS read or by the AMS
[+] B .
) B @
controller on an‘AMS read.
‘ . . . i ' b' ' ’ - ) ' .

" Word with Eiror: ThlS fleld (13. blts) indicates the address of the Qord that

: ~,;.zf flagged the parity error 1f PE is set durlng an AMS read . ﬁ - \
" P operatlon. - On an ._S read, only the top 10 brts are meanlng— .

< . .
: Lo ful and indicate the AMS address preseﬂ% whé@ the parlty -
' Foa _ - P - o

P .

an




| ‘ - o ‘ . - ‘ . - ' . . ,» -‘:»f
: ' » ’ /b . ‘ ’ . ﬁ ’ o 7- *

. ) error was sensed. Theg exact ECS address can be determined .

. S from this and thé starting ECS address.

CA:' Control Abort: This.bit indicates that an .abdtt.was issued by -the ECS
.$ ‘ . » confroller guring the last control read/writé opération}
| : . . g . " ¥ X R
* E/O: Even/Odd: »The;AMS‘controiler writes the.least significant bit of the
: T . ' Y ' _ - . _
~y - Dbatch number that an individual subcontrpller obtained its

ST , job from in this location. When & status word is written By
the AMS controller, any individuél.subcontroller mighﬁ be
either processing é job from that batch or from the next

- -
;

batch. Byhexamining the batch number and the E/O bit, the
o M / - . . . .
: y ‘ S . .
. ‘ : CPU can/determine which situation exists at that moment.

Th{s/flag bit is intended as a maintenance and statistids—
. ) i //I ’ :- M 3 » . - o . ) ’ .
gayﬁeriné aid and would. not normally be examined by the CPU.
o / . . ) . s .

/

I

.-Cycle:‘,The nunber of total mémory cycles (fecords d;vided‘by-10242:thatva

el v

t .

‘ / seéker requires to complete a job (search, transfex, return)
/ - . . . . .

is 'indicated here. The seeker ﬁustoalways Eotate a'file an

- integer number of times from. start t‘o_,Afi_ﬁis,l’):,/__si.I_lggrt:he rela-

tive phase of the file must be the same (to line up with the

idle address) at the end of job as it was at the beginning of

 that job;b’This infofmation can be uéed in statistical studies

b

" -

of performance.

. . B
. ., ~ B -

AC: Access Conflict: The setting of this bit indicates thatvthisAseeker .

‘has attempted to attach to a file thatjwas alfeady under the

- o cqntxol of another seeker and thereby niot attachable.' The

e -

fRIC - T2

s e .o : : , : oo




Idle File Adpn&ss:
" R . . . L
thét<are under®the control of the IdleAFiie Controller is - -

BE:

O

ERIC

Aruitoxt provided by Eic:

seeker and proceed from there. :

'assigﬁ'that would require.the minimum rotational .shift prior

to transfer. Use of this feature would significantiy reduce

seeker will wait until

the ‘Bearch cycle if ‘it assigns those . jobs
. N R . . ‘(

&
-

66

L

‘the file is detached by thevother/

)

The -exact .relative rotational position of those files -

»

indicated here. The CPU- can use.this‘information to minimize

that it has te

3

-
!

the acceés‘time'to daté‘but has no (or little) effect on the

N L

total job cycle.
Primary_-Primary : These bits (the subscript corresponds to seekef

“Batch Error:: A "1"

> .

" the error status information resulting §£

numbers) indicate whether a seeker is presently - .conducting

A}

afprimary-ﬁob (the E/O bit is the same as “the least signifi-

. .. ¥
cant bit of the ECS address that the control word was read

from)- or a égcondary job (the'E/O bit isAdifferehﬁ from* the
' , ‘ . . o ‘

ECS address). Note: The ECS address in-questidn is the -

N
L . -

‘record address only as the‘word_address pqrtéins to the

individual seekers only.

in this bit locatio

has been completed but that there was ah“érrqr° The remainder
to détermine-

v

of thé_status record will have to be examined
the nature of that error. 1If a seeker e::Bugiers an error

in, the' execution of a jog? it is not allowed to 1ook'éheadv

to "he next batch for a new job, as to do so would destroy -

rom the error.

- i3

on indicates that the-entire batch



P b ’
V . . ¥ - .
N d .o . . . » . R ] >
TBD;- Batch' Done' (without ‘error): When this bit isset, the eﬁtirc batch
has béén_completed and thereﬁore the CPU ®an depend on the
k/ N * .data that was transferred. The CPU would typically look = 7
¥ . " only at this bit to determine if a job has been completed. .
: , ‘ yo T e - R . :
“ " oOnce this bit 'has been set by the AMS controllef,_the CPU is
. LT free to rewrite the status information with new control
Lo T . ) .o ‘ » _ L
- infermation. : : o ; : St
"Bit 57-is always written to a 1 in an AMS status word. . '
] B .. ¢
. ], M -
o .
: ) g o ;
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. - M - .
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7.2  Schematic Diagrams !
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Following arc copies of the schematic dlagram§ of the AMS qongro}ler o b
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