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CHAFTER 1

INTRCDUCTICN

1«1 OVERVIEW

Ip a distrituted datakase management system it is often
desirakle to stcre copies of the same data on differant
backend machines., There are a nuakber of advantages that can
be gained from maintaining duplicate dataltases. Included
among these advantages are increased data accessalbility,
more Tresprcnsive access, and increased reliatrility of the
data.

Alcng with these benefits come certain penalties that
pmust ke paid for the convenience c¢f having duplicate
datatases, This report is ccncerned with the proklem of
insuring that the duplicate databases are consistent. The
design cf a system tc maintain redundant, duplicate
datatases 1is a challenging task tecause of the inherent
coemunicaticn tige delay ttetwean cocples of the datakase as
well as the —real world constraints of system crasaes,
operatcr error, compunicaticn channel failure, etc.

Several researchers have devised algerithes to insure
consistency among replicated datakases. 1Ic¢ date there has

not kteer a study undertaken to cowmpare the rerformance of
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the different algcrithms. This study was undertaken to
accogplish =such a comparison by «c¢cding five of the
algorithms in GESS-V and comparing their performance as
measurec¢ by the amcunt ¢f time taken to ccmpletely process

several sample request streaas.

1.2 EBACKGRCUND

Distrituted database management systees have evolved as
crganizaticns found the need to simultanecusly expand their
data prccessing power and increase their data accessakility.
An econcwical means of satisfying that need can te realized
ty use of a distributed data base ranagement systenm
comprised primarily of minicomputers., #aryanski et al. (7),
Maryanski (9) and Canaday et al. (2) have listed potential
benefits that car ke realized from using a wminicemputer to
perforn data tase functicns. The advantages cf a backend

Frocesscr are sugmarized telcw.

1) It may free the resocurces cf the hest machine.

2) It reduces software overhead on the hcst.

3) It provides additicnal concurrency in the system.

4) Tt permits additicnal applications to ke run cn the
host thus increasing through put.

5) It can provide additional security sincs the

rriveledge c¢f executing an applicaticn gregram on  the



backend can ke carefully quarded.

6) It can 1increase integrity =since the host and
backend each have the ability to verify the operation cf the
other.

7) It may ke an eccnomic alternative to upgrading the

host prccessor.

Maryanski and Kreimer (8) «conducted a si=sulaticn study
to determine the ccnditicns under which it 1is feasitle, in
terms cf perfcrmance, tc distribute the dataktase to
configuraticns of two or three processors. The simulaticn
results indicate that adding additicmnal fprocesssors yields
perfcroance benefits if the demands for the function are
high.

A gultiprocessor backend system is juite siamilar to a
distrituted data base management systen. The design is one
of a bhcst coupled to a Lackend coamputer with  nmultiple
processcrs, This ccnfiguraticn is shown ir Fiqgure 1.1. The
advantages of this configuration are that it can reduce
communicaticn ccsts, by elimanating the external channel
links tetween the tackends, and may te easiec tc keep tight
security <¢n as access tc c¢cnly cne machine must te
controlled. A multiprocessor backend should tehave like
several tackend machines with the excepticn that regquests
cannct criginate at the backend nodes.

Adéditicnal tenefits can be realized by assigning a copy
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of the data base to each Lackend processcr in the system.
The multiple cories of the datatase are referred to as

redundant or replicated dataktases. Jchnscn and Thomas (6)

enumerated several benefits that <can te gjained frem

maintairicrg duplicate datatases., These are:

1) Increased data accessability. TCata may be accessed
evén when scme of the machines are inoperative.

2) Mcre restonsive access., The host rrocessor can
access data that is 1located at the 1least tuzv cor closest
tackend.

3) Increased throughput. +The computaticnal 1lcad can
te shared ty several machines and

4) Increased reliatility of Jata. Multiple cofpies
assure a reliatle FEkackup in case cf softwarsshardware

malfuncticn on one of the machines,

Havirg cutlined the tenefits cf distritutad datatases
and redundant database ©rprocessing cne can envision a
situaticn where a multiprocessor tackeni 1linked tc fully
replicated databases might test serve the needs orf the user.
This is the environment that was simulated in this study.

Oone of the inherent rrcklems with <redundant datatases
is keering the copies consistent. There 1is an impcrtant

distinction between keeping the ccfpies ccnsistent and
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Xeeping the <cories identical. Identical 1is defined as
yielding the same result to a query regardless of which
tackend prccesscr recelves the reguest. Ccnsistant is
defined as having the copies 1identical after all of the
modificaticns have keen executed to ccepletion cn all cf the
machines (Jchnson and Thecmas, 1975). This study cozpares
the perfcrmance c¢f five models that =seek to maintain
ccnsistent databases.
The five m@mcdels simulated are the Ccdasyl model (%),
the Hyrrid model, the Bernstein model (1), the E1l1lis model

{(3), ané the Jobnscn and Thcmas mcdel (o). Each of these

models are explained in detail in Chapter =Z.



CHAETER 2

THE MCDELS

2.1 OVERVIEW

This chapter presents the five w@mcdels used in tais
study. For all rodels the -environment sigulated was cne of
fully rerlicated databases attached toc Ltackend processors.
The nurter of backend prccessors attacazd to the host was
either two, four, or eight, Eacn of the tackend machines
had twc partitions allccated to executing jcbs and a tuffer
to held gqueu=d jobs., The number of terminals attached to
the host prccesscr was eight and the speed of the terminal
tc host processor channel was 5¢ & Eaud. In all
simulaticns, fifteen users were simulated each issuing from
cpe tc sSeventesn requests with the averaje nurker of
requests teing eight. The requests were cf twc types, r=aa
cnly or 2odificaticn, HKodification requests were defined as
teing either the update, imsertion, c¢r deleticn of records.
The percentage c¢f anodification type rcauests was set at
either 20%, 354, cr 50%. The dependent mz2asurenment for
these mcdels was the time needed Ly the systex to sesrvice
all fifteen users and make all of the datatas=s identical.

&3

A tew terms need tc te defined tefcre 3detailing the
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actions cf each mcdel. A timestamp 1is the tagging of a

request with the absolute clock time of the systesn. A
primary backend is the Lackend selected to receive the
modificaticn commrand. A secondary Lackend is the Ltackend
selecteé to receive a modification reguest after it has been

completed at a primary backend.

2.2 CCLASYL MODEL

The Codasyl mcdel (4) is unique in its =implicity and
guarantees one up-to-date database and several day-old
datatases. Basically, this prcgcsal directs all
modificaticn commands to a single datatase (the primary
datatase) which is maintained up-to-date throujghout the day.
The modification ccmmands processed Lty the primary datatase
are locced and issued to 2ll the other dataktase nodes in the
netwcrk when second shift begins and processing in the
network has decreased.

The advantages of the Codasyl model are its simplicity,
guarantee of one ccrrect and current datatase, and nc chance
that the databases will ©te inconsistent after all c¢f the
modificaeaticns saved by the ©primary datatase have been
completed ¢n the secondary datakase,

The disadvantages cf the proposed <Ccdasyl model are
that sirce all modificaticn commands must ke sent to the

same prisary tackend there will ke a high likelihood cf the
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primary tackend becoming overloaded. Also, read-only tyge
requests issued during first shift will likely receive day-
old information. Finally, there is a tuffering problem
cqncerﬁing the receiving of modification <cormands ty the

secondary lackends.
2.3 HYERID MODEIL.

A model gquite siamilar to the Ccdasvl model was
developed ty the author. As with the Ccdasyl model, all
modificaticn type regquests are directed to 2 designated
primary tackend for processing after which they are logged
on the primary backend's aodification list, 'The differencse
tetween the Hybrid wmodel and the wmcdel prcposed by the
Codasyl grougp 1is the timing of when the wmcdifications are
sent to the other tackends. As menticned gieviously, the
Codasyl mwodel issues modification conmmands to the seccndary
backends during second =<shift., The Hykrid acdel forwards
mcdificaticn comrands to the secondary tackends whenever the
primary tackend encounters a lull in prccessinj as signified
by an empty tackend rpartition. Timestamping of the
modificaticns was carried out at time of execution Lty the
rrimary tackend so that a user can rsference th=
modificaticn list «c¢f the tackend he is using to determine
the currency of the referenced information.

The advantages of this model are 1its simplicity,

guarantee cf cne current and correct Jatakase, tke
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elimination of inccnsistency after all c¢f the modifications
saved 'y the primary dataktase have teen completed cn the
secondary databases, and the currency of the inforeation
stored in the seccndary datatases. Whern processing is light
cn the primary datakase, all of the seccndary datakases will
contain informaticn that 1is nearly current. The major
disadvantage of this model is the possikility cf overlcading

the prizary tackend with mcdificaticn reguests.

2.4 ELIIS MCDEL

Ellis (3) rresented a decentralized apprcach tc the
management of redundant databases. with his  model
pmodificaticn requests may originate at any nede 1in the
network. The node of origin broadcasts a request to podify
the reccrd specified to all other nodes in the system. The
node c¢f origin then waits, blocking cut ﬁther requests,
until it has received <rpositive ackncwledgerent from all
other rcdes 1in the network. If it receives positive
ackncwledgement from the other nodes, it executes the
modificaticn and sends the modificaticm tc the other nodes
in the retwcrk. If the ncde of origin receives a necative
acknowledgement frcz any of the other ncdes, it suspends
activity cn the modification anéd resutmits it again at a
later dcate. Pcsitive acknowledgement is given if the

seccndary tackend is not curr=sntly processing a mcdification
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request for the same reccrd.

Pcsitive acknowledgement was a necessary part cf the
Ellis mcdel Etecause meodification requests could originate at
any cf the databass nodes. In this study, all requests werse
first rcuted thrcugh the hcst machine sc the acknowledgement
prccess was not deemed necessary. - fHence, the model was
modified as detailed in the following paragraph.

When a modification request was recognized by the host
processcr, it was simultanecusly fcrwarded to all tackends
to jein their jor gueues. As all requests were first passed
to the hest processcr, there was nco chance cf requests being
sent ciEt w=f sequence, thus the datakases maintain
consistency. This algorithm demands centralized supervision
of the rrccessing of requests.

The advantages of this model are that all databasss are
current and correct, and that it is simple to crerate.

The disadvantages of this system are that the rackends
can lcck out all read requests if there 1is a spurt of
modificaticn requests and that it slcws down overall

processirg,

2.5 BEENSTEIN HCDEL

Bernstein et al (1) suggested a =m=thodology for
synchrcrizing ccncurrent transactions in a decentralized
distrituted datatase system. Following this mcdel, the host

processcr assigns the reguast to a primary tackend Lased
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upon its availability. Jron assigneent the request is
tagged with a timestamp. If +th2 request is a modification,
the rrimary backend locks out further prccessing while it
sends the record number and timestaesp to the seccndary
backends, The secondary Ltackends then 'vote! whether to
accert cr reject the mcdification request. Acceptance is
granted 1if no currently executing Jjcks on the ackend
reference the reccrd nusker of the current modification
request, If there 1is another request that ccnflicts, then
the request is delayed and resutmitted later.

When the primary Lkackend has received positive
respcnses from all of the secondary Etackends, it completes
the wacdification request and forwards it to the otaer
tackends for processing.

The advantages of this model are that it guarantaes
consistency in the databases and provides correct and nearly
up-tc-date information at all tackends.

The disadvantages of this model 1is that it may reguire
substantial overhead and system tims in kackend to tackend
cosmunicaticn during the voting process and it lecks out all
requests at the primary Lkackend during the =ntire voting

sequence.

2.6 JCHNSCK AND THCMAS MCLEL

Jchnscn and Thomas (6) proposed a consistency mcdel for

requasts made in a decentralized data Lase envircnment
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incorpcrating the wuse of timestamps. With their model
requests were timestanped and then assigned tc a backend
processcr tased on a backend utilizaticn criteria. After
executicn of a modification command, the request, with its
tagged timestamp, is added to the tackends update list which
is <siepply a table of the modificaticns the tackend has
processed up to that time. The modificaticn is alsc marked
as a cardidate mcdification that needs to te executed cn the
secondary tackends when the primary tackend encounters a
lull in fprecessing.

When a backend is free {reccgnized Lty an empty
partiticn), it sends its oldest candidate wmcdification to
the other tackends. At the secondary tackend, the request's
reccrd rumber is compared to the wupdate list fcr that
secondary tackend for a match., If a match is found and the
request c¢n the secondary tackend's update list has a more
recent timestamp, the modification frce the primary Ltackend
is igncred, TIf, after comparison, the modification frcm the
primary tackend is found tc be the Ecst recent for that
record, it is prccessed and added to the secondary ltackend's
update list. A third case also exists. It may be that the
podificaticn from tae primary tackend 1is wmore recent than a
modificaticn in the secondary tackend's Jjct gueue. In this
case the mcdificaticn in the job queue is deleted in faver
of the mcre recert mcdification. 1his third case can cause
inconsistency between the duplicate datatases.

The advantages c¢f this model are that it attempts to
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keep all databases current ty amending them throughout the
day. Also, the timestamp prevents modificaticn of a record
by a mcédification clder than the most recent mcdification of
that reccrd at a particnlat tackend.

A disadvantage of this model is that it allows for

inconsistency amcng the datatases,
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CHAETER 3

SIMULATICN IMPLEMENTATICN

3.1 OVEERVIEW

Our simulation implementation of the acdels along with
general assumpticns and parameters used will te discussed in
this secticn. Additionally, the Bernstein mcdel will ke
described in detail to aid the readers comprehension cf the
code. Fcllcwing the explanation of the pernstein model will
be a detailing of the modifications necessary tc produce the

code for the other four mcdels.

3.2 MCLEL CESCRIPTIICN

Arpendix 1 contains the listings of the five simulaticn
models. The systems we mcdeled in GPESS-V and run on an ITEL
ASS. The programs required approximately 30 seconds CFU
time for each simulation, although this figure varied with
the model and proyram parameters., The Simulaticn runtime
varied retween 4C seconds and two minutes. This was felt to
be lcng encugh to obtain good randoam distrituticns and a
reasonatle measurement c¢f throughput. 1The Lkasic time unit
for the simulaticns was c¢ne millisecond.

Each mcdel was run varying the parameters twelve ways.
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For each parameter setting, six rums were okttained wusing
differert randor number seeds obtained froe the GESS V
User's Fanual (%) . Occasicnally, only £five runs could ke
obtained because <cne of the six rums would exceed GPSS V
limits ¢n ccmmon ccre. Fcr three cf the five models, GPSS
System (pticn C was needed which requires 178 K for stcrage,
For the other two models the 104 K prcvided Ly GPSS Systenm
Opticn E were sufficient,
The twelve different rarameter settings were of two
types. The following nine were run using a 506 K Baud lirne
between the host and rackend and Lketween the Fackenas

themselves, The environments were:

1) Twc backends with 20%, 355, and .- 507 modification
requests.

2) Four backends with 20%, 35%, and 50X modificaticn
requests.

3) Eight backends with 20%, 35%, and 503 modificaticn

requests.

Thrtee envircnments were simulated with nc time delay
btetween the hcst and tackends cr frcm the channel
connecticns between the backends, This envircnment
represerted the architecture of a single hest rachine with
attached prccesscrs (the tackends) and extended memery. The

three <system envircnments simulated fcr each model using
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this architecture were:

1) Twc backends receiving 50% modificaticn requests,
2) Four backends receiving 50% mecdificaticn requests,
3) And eight backends vrTeceiving 504 modification

requests.

BEach o¢of the five @models ¥as run in. all twelve
environrents six times. The random nuzker gensratcr seeds
were changed to rroduce different job mizxes.

The ccde c¢f all five of the mrodels was sieilar.
Therefore, cnly the Bernstein model, the mcst ccmplex model,
will e explained 1in detail. Followiny this -exvlanation
will be a detailing of the mcdificaticns of the Eernstein

model ttat were required to produce the other four mcdels.
3.3 EXELANATION OF THE BERNSTEIN MCDEL

Durirg the simulaticn, fifteen wus2rs sijn on tc the
system, The users sign on at approximatelv 1.5 =second
intervals. The users are rarndcmly assigned tc one <cf the
eight terminals attached tc the host processor. Each user
issues 1 to 17 reguests with the average being 8 reguests.

Transmission to the host from the terminals is Eky a 59

K Baud charnnel, Ninety percent of the requests fit in one
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tuffered transmissicn while the other ten parcent require
two tuffered transmissions. The data for these parameters
was supplied by researchers at Kansas State University based
upcn measurements of their distributed datalkase systenm,

After the user has typed in his requsst the message is
transmitted to the host where it is tagged with the record
numker and the atsclute clcck time (a timeétamp). Alsc, the
nunber cf I/C orperations required ky the regquest is
assigned. The number c¢£ I/0 operaticns ranges from a
minisum c¢cf 0 to a maximum of 14 with a mean of 8. The host
then searches each of the tackends until it £inds one that
is free. It accomplishes this by sending messages across
the host tc backend channels which run at 50 K Baud or
infinite sgeed, It assigns the reguest to the first free
machine or randcmly selects a backend if all of them are
busy.

At the chosen backand (hereafter referred to as the
primary tackend) EINT, the backend interface, unpacks the
message. It then stores the request, its tyrce, its
timestarp and a mark that indicates it is on the tackend's
request list pending execution. If the request is 23 read
cnly ccrrand, it is executed Ly the Lackend relinquishing
the precesscr during Iy/C. When the ccmmand has comapleted
executirqg, the entry for that command in the reguest list is
marksed dcne. The steps -executed up tc this point are
represented ty the flowchart in Figure 3.7, I£ the reguesst

is a mcdification request, the steps pressnted 1in the next
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section are executed.
3.4 ACTICNS TAREN IN PRCCESSING OF MCLCIFICATICN REQUESTS

If the request is a wmcdification, it seizes the primary
backend's CFU and prevents processing of any other requests
by that tackend. The primary backend them sends a request
to each of the cther backends (secondary tackends) 1in the
network asking fcr permission to mcdify the specified
record. This request is given priority over the execution
of any requests at the seccndary backends. Each seccndary
backend compares the request and its timestamp tc those
requests listed c¢n 1its —request 1list. If the current
modificaticn is the most recent request using that record,
then vpermission tc¢ modify that reccrd is granted by the
backend., TIf +there is an older request that accesses that
record which has not been fully processed Lty the seccndary
backend, permission for the current modificaticn is delayed.
Permissicn will te granted after all the older requests have
been prccessed.

When permissicn to mcdify has Ltecn granted by all of
the seccndary backends, the modification is executed Lty tke
primary tackend., After execution, it is marked done and the
modificaticn is sent to join the Jjot queue at each cf tha
other tackends in the network. Wwhen proccessing of the
seéondary mcdifications is completed, the request is rarked

done on the regquest list and the transacticn is terminated.
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These acticns are flowcharted in Figure 3.2.

3.5 MCLIFICATIONS NECESSAEY FOR THE CTEEZR MCDELS

This secticn will detail the <changes necessary to
progranm the four other models, Accompanying each
descrirpticn will be a flowchart of the actions rerformed.

Several changes were necessary tc prcgra® the Jchnson
and Thcmas (6) model as detailed in Figure 2.3, First,
timestanping was only done if, the ra2guest was a
modificaticn. Also, there is no votiny done for this model.
Requests are sirply processed by the primary ftackend and
placed cn the modification list (similar te tke request list
of the Bernstein model «c¢nly reserved for modification
requests), When the primary tackend has a lull in
processing it sends the cldest candidate mcdificaticn cn the
podificaticn 1list to the secondary Lackends where it 1is
compareé tc the secondary tackends wmcdification 1list.
Instead cf voting, the backends =2ither accept cr reject the
modificaticn Etased upon its timestamp compared tc the
timestasgs of the other modifications c¢n thke seccndary
backends modificaticn list.

The changes necessary for the Fllis amcdel (3) are
detailed in Figure 3.4. Assignment tc a Lkackerd is the sane
for read only requests Fkut differs for wmodificationm

requests. Modification requests are duplicated at the host
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enough times to send a copy to each of the Lbackends in the
network. At the Lackends, the request joins the jck gqueue
for the tackend and is rreccessed to ccmpleticn. When the
nodificaticn has been completed on any of the tackends, the
user is notified and given the opcrtunity tc enter a new
request.

Figure 3.5 details the modificaticns made to iaplement
the Codasyl model (4). GHead only request Wwere assigned to a
tackend 1in the same manner as with pBernstein's rodel.
Modificaticn requests were handled differently in that they
were assigned to a specified primary lkackerd. ©No voting was
necessary because modifications were simply spcoled and then
reissued, oldest tc newest, aftzr all ¢f the user requests
had Lkeer rrccessed.

The Hyktrid model was almost identicalitc the Ccdasyl
model, The changes made from EBernstein's model are shown in
Figure Z.6. The cnly mcdification frca the Ccdasyl model
was that after a request has been processed ty a kackend,
the modification 1list is checked for a randing seccndary
modificaticn, If there is a pending seccondary madificaticn
and if there is a 1lull in prccessing at the primary ktackend,
then the mcdification 1is forwarded to each of the tackends
in the network.

Hytrid II was a model that was testecd to determine if
the perfcrmance of the Hytrid model «cculd ke improved oy
assignirg mcdification requests to the tackend responsible

for a perticular granule cf the datatase. Fcr example, if



FIGURE 3.5

( Start )

Seize host processor

26

<ifést: Is request\ TES

A modification? /
NO

Assign request to
Designated primary
Backend

Cest: Are all \ NO
Backends busy? /

YES

Randomly assign
Request to a
Backend

Assign request to
First free backend

Release host processor

Seize backend

Tocess request to
Completicn

!

|
Release backend

Loop until all
Requests are done

Send oldest modification
To Secondary backend

Delay for buffering
|

Loop until all modification

Requests have been sent

(:jTerminate N
_

Codasyl Model




FIGURE 3.6

C Start )

Seize host processor

27

Assign request to

' Test: Is request
A modification?

N0
/Test: Are all \

NO

| Designated primary
{ Backend -

Assign request Eo |

“Backends busy? /

YES

Randomly assign
Request to a
Backend

First free backend

E

Release host processor

Seize backend

Process request
To completion

Release backend

Brocessing at
\ Primary BE

NO |

Loop until all

Test: Lull in
% \ s

Request done

Send oldest modification
To secondary backends

/Test: More pending N\ ype

\modifications on list?/
Ho

(:?erminate i
_

Hybr id Model




28
the configuration employed four backends, the database would
be divided into fcur granules with one granule assigned to
each o¢f the Lackends. This would =make cach Lackend a
primary database for one granule, The modifications from
the oricinal HKEybrid model are mincr and detailed in Figure

3'7.



( Scart )
-——-ESeize host processor

|

29

,Assign requast to

(Tesl: Is request\
\A “cdification P4

No

/Test: Are all \

[Backend de.s:.gnated
Primary for that
Record

{Assign request to

ackends busy?,’
YES
‘Randcmlv Assign

|
Request to a |
| Backend |

{First free backend

T

ERelease host processor|

4
i

iSeize backend i

T
|

Process request
To Completicon

Release backend §

\At this backend *

/Test: Lull in processing

¥0
Loop until al i

Requests are donel

i
j -

__,_j

<;esc. Hod‘*lcat:-.on pending \ v

For this backend ?

7

i
iSend oldest pending

Modification to the
'‘0ther backends

( Terminate \

Hybrid II Modal




30
CHAETER 4

RESULTS AND AMALYSIS

4.1 OVEEVIEW

This chapter presents the results cbtained and an
explanaticn of what might have caused these results. The
effect cf the model, numter of tackends employed and percent
of modification requests was measured Lty the amcunt of
system time needed +to <ccompletely rrccess several sample
request streams and make the Gatakases identical. Section
4,2 will <examine the glckal trends cf the mcdels and the
remaining =secticns in this chapter will analvyze the

performance differences of the models.

4.2 GICEAL TRENLS

A factcrial analysis of variance ccncluded:

ih) There was a significant affect {(r < .001) on
perfcrrance due to the chcice of model

2) There was a significant affect (g < .0285) on
perfcrsance due to tae number of fackends emplcyed 1in the
network

3) There was a significant affect (r < .001) on

performance due tc the rercent of mcdification reguests
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Frocessed.

The w@mean performance times fcr the percent of

modificaticn requests prccessed is presented ir Table 1.

FERFCRMANCE MEANS FOR THE LCIFFeRENI

PER CENT MCLCIFICATICN CCHMMANLS

20% Modificaticn 67127

35% HModification 68518

50% Mcdificaticn 78739
TABELE 1

The perfcrmance peans are the time in milliseccnds needed to
completely process the Jjct stream. 7Taktle 1 =shows a direct
relaticrship between longer processing time and an increase
in the percent of mcdificaticn reguests. This is consistent
with the author's a priori hypothesis that wrodifications
lock out cther processing causing a potential Eottleneck in
perfcrmance.

The mean perfcrmance times for the number of lPackends

used in the netwerk configurations is presented in Takle 2.
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EERFCRMANCE MEANS FOR THE CIFFERENT

EACKENLD CCNFIGURATICNS

2 Backends 74055

4 BRackends 70448

8 Backends 69880
TABLE 2

The results show that additional tackends increase
throughput. They also show that the greatest improvement
came with the increase frcm two to four tackends and that
only mincr improvement resulted from the change from fcur to
eight tackends. This finding concurs with the results of a
simulaticn study done by Maryanski and Kreimer (8) ccmparing
performance factcrs with the addition cf extra rackends.

The mean performance times for the different mcdels is

presented in Table 3.



PERFCRMANCE MEANS FQOR THE FIVE

MCDELED ALGORITHHMS

Johnson & Thomas 64794

Bernstein 66307

Hykrid 68225

Ellis 73261

Ccdasyl 84119
TAELE 3

The results show the Johnson and Thomas model,

33

the Baranstein

model and the Hytrid model all processed the sample reguest

stream at approximately the same rate while the Ellis and

Codasyl model were slower. A T test was

rerformed to

determire which means differed significantly frcm each

other. The results of this test found the

differences

betwean the three fastest models was uot significant but

that the three fastest &pcdels differed =significantly froa

the Ellis wmodel (g < .02, p < .01, p < .0C1) and also

differed significantly frcm the Codasyl mcdel
all three). Tha T test also found that the
Codasyl model differed significantly frcm the
Ellis mcdel (p < .00V).

Figure 4.1 shcws the performance means

deviaticns of the five models (bernstein,

(c< .0C%Y for
rean fcr the

mean fcr the

and standara

Joknson and
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Thomas, Hykrid, Ellis and Codasyl) in the system

configuraticn of tvWwo LFackends with a jeb @mix of 20%
modificaticn requests, In this configuraticn the Eybrid
model [perfcrams test with the Jlowest standard deviation,
however, its performance is not significantly different from
the Eerrstein or Jchnson and Thomas mcdel.

Fiqure 4.2 shows the performance of the models in the
same two Lackend configuration with a Jjeb mix of 35%
modificaticn regquests. In this environment the order cf the
performance times is the sase as the «cverall mean averages
cbtained. PFore confidence can possiktly ke placed in these
results tecause the standard deviation cf all the results is
siight.

The 50% modification jobk mix for the same configuration
produced results with dramatic standard deviations. This is
shown ir Figure 4.3. Due tc the nearness of the means and
the size of the standard deviations, nc conclusions can ke
drawn from these results.

The feur Lackend configuration grcduce an overall
decline in the performance time for all mcdels and all jcb
mixes. For the 20% modification job mix, the Cernstein and
the Johnscn and Thomas mcdel perfcrmed test although the
advantage was not great, This is shown in Fiyure 4.04.

At a 35% mcdificaticn job mix, the Johnscn and Thomas
sodel stands out as the favorite. It's mean performance
time was approximately a full seccnd faster than the next

closest model and it standard deviation +#as small. The
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graph fcr this environment is presented in Figyure 4.5.

With a job mix of 50% modificaticn requests in the four
backend configﬁration, the three fastest models performed
almost equally. With 5C%¥ modificaticn requests a large
standard deviaticn is noted. Figure 4.6 shows the results
of runs made in this envircnment.

As pcted before, the advantage of eight Lackends to
four backends was slight. The next three analyses will ke
of the results obtained for the eight Ffackend environments
at the different jok mixes.

With the 20% modification Jjok mix the three fastest
nodels perfcrmed aktout the same. This qgraph is shown in
Figure 4.7. An interesting result ottained froom this grach
is that the standard deviation of the Jchnscn and Thomés
model is sukbstantially less than the standard deviation of
the Eernstein and Hybrid wrcdel.

Figure 4.8 shows the eight backend configuraticn with a
35% modification jot mix. In this environment, all cf the
pmodels cttained aprproximately the same mean results with the
excepticn cf the Codasyl model‘ which was =substantially
higher.

The 5C% mcdificaticn Jjob mix <cshowed the greatest
variety of results as detailed in Fiyure 4.9. In this
environrent the Johnscn and Thomas mecdel performed
exceedirgly well at a low variance. A surprising result was
the relatively pocr perfcrmance of the Bernstein model.

Since the variance of the results of the B=rnstein model



41

FIGURE 4.4

4 Backends

50% Modifications,

——

——

COPASYL

ILLIS

JOENSOX &
TI0MAS .

1lla

100,

0 0. ﬁ
™ - 4
spuodng uy awy] wopiopduny moyedy

Q
oy

3Q



110

1004

202 ¥odificarions, & Backsnds

42
FIGURE 4.7

3
= 8o
=] —————
g _ _ £
a
a
- ——
5 i,
-
-l
3 -+
= . e )
§ 50 L e
§
-
>
Dy
k-]

50

P .

40

30

20 BERMSTEIN JOENSON § HY3RD ZLLIsS CCPASTL

TROMAS



3 Modifications, 8 Backands

43

FIGURE 4.3
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simulaticns is quite high, the wvalidity cf these results is
suspect.

Lccking at the graphs as a whole, the figures ccnfirnm
the statistical finding that the Bernstein, Jahﬁson and
Thomas and Hybrid model perform the Lest, followed Ly the
Ellis wmocdel and 1lastly the <Codasyl mcdel. The exact
numerical values are presented in Talkles 4, 5, and 6 where
each taktle details all the mcdels results for the three job
mixes fcr a particular backend configuraticn,

One more geperal trend was notad. Fiqur=s 4.10, 4.11,
and 4,12z summarize a comparison of the perforrance times of
the models «run with 50 K Baud channel speed to identical
models ruﬁ with infinite channel speed. The graphs show a
consistent trend that the models prccess the job stream
faster with inifinite channel speed, Although the trend was
streng, it failed to achieve significance as measured ky a T

test.

In summary, the analysis of gyeneral trends suggest the
follcwirg:

1) Increasing the rpercent of mcdificaticn commands
will slcw system processing,

2) Up to a pcint, increasing the numker cf backends in
the netwcrk will speed prccessinjy of the jcl stream,

3) Three of the models, Bernstein, Hykrid, and Jchnson
and Theras, process the jok stream significantly faster than

the other two models.
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4) Increasing the channel speed has only a minimal

affect c¢cn increasing job throughput.

4.3 ANALYSIS OF CHANGE WITHIN A MOLEL

Exarining the changes 1in performance times of a model
as the environment is changed «can affcrd some interesting
insights, For example, Pernstein's model shows very little
change except fcr the rums with 50% =mcdification requests
which needed more time, The Johnson ané Thomas wmodel is
statle fcr 2z0% and 35% mcdification reguests, tut performs
cddly cr 50% modification reguests with eight rackends when
it requires significantly 1less time (53809). The Hybrid
model is gquite stakle except when 50% of the commands are
modificaticns. In that environment it performs very slow
(82643) with two rackends, somewhat slow (74143) with four
backends, and at 1its statle rate (66494) with eight
packends.

The Ellis mcdel shows little change except 1in the 50%
modificaticn requests jor @mix where it takes longer to
process the reqgnests. Finally, the Ccdasyl model shows
dramatic increases in processing time directly related to
the percent of mcdificaticn rejuests. For 20% and 35%
modificaticn requests jot mix the Codasyl wmcdel processed

the jol ztream quickest in the four backend configuration.

4.3 ANALYSIS CF BEIWEEN MCLEL PERFORMANCE
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The original intention of this study was to £find the
one model that ont performed the othar models in keeping the
dataktase ccnsistent using the least amcunt of system time.
Because the three Lbest maodels performed so closely, chcosing
one solely on performance times wculd not be prudent. 1In
chcosing among the three candidate models one =should
eliminate the Johnscn and Thomas mcdel btecause 1t does not
guarantee ccnsistency. An example will test explain it's
consistency anomoly. PFigure 4.13 rpictures the following
acticns., ¥cdification request A, which happens to te the
deletion of record 1, enters the Host prccessor at timestamp
1000 arnd is assigned to the gqueue at Backend 1.
Modificaticn request B, an update of reccrd 1, enters the
Host rrccessor at timestamp 1100 and is assigned tc the
gueue at Backend 2. If modificaticn B finishes first,
Backend 2 sends its wupdate to Eackendé 1 to make the
dataktases ccnsistent. Meanwhile, Backend 1 completes 1its
deleticr and sends it on to Backend Z, PBackend 1 will fail
in attezrting to execute the update frcm Backend 2 becaus=2
recctd 1 has been deleted. Backend 2 will igncre the
deleticn frcm Backend 1 kecause it has an older timestamp.
The end result will be inconsistency, Backend 1 will have
deleted reccrd 1 and Backend 2 will have retained a ccpy of
record 1. .

Eliminating the Johnscn and Thcmas mecdel fcr reascns of
possible inconsistency leaves only the Aytrid model and

Bernstein's model, The Hytrid model has the disadvantage of
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having rever been formally proven. 1t also showed slower

mean performance times although this figure was not
significant. To test if the 1latter disadvantage could be
corrected the Hybrid II model was tried. As explained in
Chapter 3, the cnly difference between the Hybtrid and the
Hybrid IY model was in the assignment of modification
requests, The Hybrid II wmodel assigned modification
requests to the primary backend responsitkle for a granule cf
the database. This modification fcr the configurations
where the icbhb mix was 50% modification requests produced the
results presented in Figure 4.14, Althcugh the comparison
shows the Hybrid II model as executing the requests faster
than the Hytrid model, the difference was not significant.
Since the differences in Tperformance . betweesn the Hykrid
models and the Berstein mcdel are not significant, this will
not bte ccusidered in the decision choosing the rest overall
model.

The Hybrid model's disadvantage in not having Lkeen
proven is offset tky the advantage that it is easy to
understand and <simple tc implement, Eernstein's mcdel, on
the otter band is marred by its ccmplexity. Its wmajor
advantage 1is that 1t has been proven. Therefcre, in
choosing Letween the twc models, the designer 1s given tae
.opticn of choosing a simgle wunproven model or a ccmplex
proven model. The authcr's perscnal chcice would te to
chcose the simpler model to reduce the risk of software

failure.
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CHAPTER 5

CCNCLUSION
5.1 SUMMARY

The simulation results support previous findings and
Ereak new ground in comparing the relative rcerformance of
five ccrnsistency algorithms for redundant datatases, The
results support a finding by Maryanski and EKreimer (8) that
the additicn of backend processors will increase csysten
throughput so long as the system is heavily utilized. The
results also indicate .that the percent of modification
requests present in the job stream will affect performance
presumatly because processing of a modification ccamand
blocks cut processing cf any other coamands Ly that
processcr, It was also found that decreasing the channel
speed Lad only a minimal affect cn increasing job
throughput,

The study drew ccnclusions ty ccmparison of the
gerfcrmance of the five models in the different prccessing
environrents. The results found three of the wmodels
(Bernstein's model, Johnson and Thoamas's acdel ané the
Hybrid model) perfcrmed significantly Etatter than Loth th=
Ellis mcdel and the Codasyl model, The difference ketween

the three test mcdels was nct significant.
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In checcsing the ideal algorithm from the three best
models, the Johnson and Thomas model was <e¢lirkanated due to
its prcven possibility £fcr inconsistency. 1Thes Bernstein
podel was critized for its complexity and the Hybtrid model
was critized for having never been formallly proven. The
checice fcr the designer is between a simple Ltut ungroven
model (the Hybrid model) and a complex tut proven model (th2
Bernstein mcdel). The author expressed a preference fcr the

Hybrid model.
5.2 FUIUKE CONSIDEEATIONS

In this study a large and complex system was simulated.
Due to time and efficiency restraints, some assumptions and
simplifications in the w=mcdels were made. Although mecst of
the results seem reasonaktle, there remains a question as to
their applicability in the real world. How might the
accuracy of the results ke evaluated and imgproved? There
are twc areas where more study could measure the accuracy cof
the results.

1} An actuval multiprocessor Lkackend system should Fe
studied in detail. Measurements shculd Lte made in both
hardware and scftware to determine utilization, gueue
lengths, jot mixes, and cther paramaters which could be used
in tke mcdels. | |

2) OCne or more of the models shculd ke implemented and

additicral measurements taka2n. The mcasured results should
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be compared with the simulation results to test the accuracy

cf the mcdels.
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NUMBER ®LOC OPERATION A¢BsCoDsEsFeGeHyl COMMENTS 62
SIRULATE
RMULT 92578
RMULT 14523

THE BERNSTEIN BCDEL
*s  ENTITY DEFINITIONS
PARAMETERS

PH1l: TERMINAL ASSIGNMENT NUMBER
PFl: HALFWORC SAVEVALUE WHOSE NUMBER 5 10+PNS
PH2: NUMBER CF I/0 REQUESTS NECESSARY FOR EACH USER RWQUEST
PF2: THR SPECIFIC RECORD NUMBER
PHM3: SIZE OF MESSAGE BUFFER
PF3: THE ABSCLUTE CLCCK TIME
PH4: MARKED C IF READ RECQUEST
1 IF PRIMARY UPDATE REQUEST
2 IF SECONCARY UPDATE REQUEST

PF&3 MARKED 0 IF UPDATE REQUEST HAS NOT BEEN SPOOLED

IF UPDATE REQUEST HAS BEEN SPCOLED.
PHS: 1D m OF THE BACKEND MACHINE BEING USED
PH&: NUMBER CF BACKEND MACHINES USEC IN THE SIMULATION
PHT: A COUNTER
PHE: MUMBER COF REQUESTS MADE BY THE USER
PH9: CHANNEL 1D USED BETWEEN TWO BACKEND MACHINES
PF11: TRANSNISSION SPEED TO CHANNEL IN BITS/SEC
PFl2: CHANNEL TRANSMISSION SPEED IN BITS/SEC
PH13: TIME USEC 8Y HINT OR BINT
PHl4: TIME USED .BY THE MESSAGE SYSTEM
PH1S: [0 NUMBER OF THE BE THAT THE SECGNDARY UPDATE IS SENT TC

~ STORAGES REPRESENT PARTITICNS IN EACH BACKEND
FACILITIES

1 = &3 CPU'S CF THE FOUR BACKEND MACHINES
11922,33,44: CHANNELS FROM BACKEND TO DEVICE
12-314: CHANNELS FROM BE1l TO B8EZ2,BE3,AND BE4
21,323,247 CHANNELS FROM BE2 TO BE1,BE3.,AND BE4
31+32,34: CHANNELS FRCM BE3 TO BE1.8E2,AN0 BE4
&l=343: CHANNELS FROM 8E4 TO 3£1,882,AND BE3
91=->94: CHANNELS BETWEEN HOST AND BE

§9: HOST CPU

10C: TERMIMAL TO HOST CHANNEL

101=->106: TERMINALS COMNECTED TO WOST

HALFWORD SAVEVALUES
XH1->XHE: CURRENT TABLE POINTERS FOR BEl1->BES
XH11=->XK18: LAST TABLE POINTERS FOR BE1~>BEB

DEFINITICNS
UPCAT1: PRIMARY UPDATE
UPCAT2: SECONDARY UPDATE
LAST: RCW OF MATRIX LAST USED [N UPCATING

N R R e E R T N P R R N



W P s

* CURRENT: NUMBER
:
= FULLWGRD MATRIX
= 1: UPDATE TABLE FOR BEL
® 22 UPCATE TAEGLE FOR BE2
® 3: LPDATE TABLE FOR BE3
* 4: LPOATE TABLE FOR BE4
* 5: UPDATE TABLE FOR BES
* 6: LPOATE TABLE FOR BES
* 7: UPDATE TABLE FOR BET
* 8: UPOATE TABLE FOR BESB
®
-

b3 MATRIX MX,150+4%

2 MATRIX MXe 1S5Ge &

3 MATRIX MX 150+ 4

4 MATRIX MX 41504

5 MATRIX MX, 15044

é MATR IX MX¢ 15044

7 MATRIX MX 2150 4%

8 MATRIX MXe150:%

STORAGE $1-588.2

MINUS VARLAELE PHB=-1

TRMNL FVARIABLE PH3%8/PFll*10Q0
CHANL FYVARIABLE PH3*B/PF1l2%=1000
LAST VARTABLE 10+PHS

INCRE VARIAELE PHT+1

BECNL VARIABLE LO®PH S+PH1S5
TYPE FUNCTION RNZ2,02
.Bﬂqﬂll-ﬁﬁll
= 202 UPDATE

TERM FUNCTICN RN2:08

OF UPDATES SPOOLED TO THAT 8E

21254101/ .25+102/ 375,103/ .5+ 104/ .625, 105/ .75+ 106/ .875,107/1.0+108

RECRD FUNCTICHN

el0s1l/e2042/23003/.90s54/.5005/.60086/.T0s7/.80+8/.90+9/1.0+10

REQNC FUNCTICN

RN2,010
RN2,010

01091/¢2042/e30+4/e4045/.5047/260497.T0411/ 480412/ .90,13/1.00,14

LNGTH FUNCTION
+90,128/1 .00, 256

RN2.,D2

* 90% FIT IN CNE BUFFER

HOBE FUNCTION

PHS,D8

HOST TO BE CHANNELS

L1e91/ 29273052/ 49947/ 5¢95/56,96/T7:97/8,498

BEDEV FUKCTICN

PM5,08

8E TO DEVICE CHANNELS

1017242273 +33/44+464/5+557/6,66/T,TT7/8,+88

USREQ FUNCTION

RNZ2,09

# OF REQUESTS BY A USER

1021/ e20:3/ 44055/ 450477 .60+97/.702117/.80013/.90+415/1.00,17
*

RNDM FPURCTICN

RNZ2 .04

-2" UOSOI 2,-75! 3’1-“! o
®

INITI2L
INITIAL
INITIAL

GENERATE
PRIORITY
ASSIGN

XH1-XH8,0
XF1=XF8+0
XH1l1l=XHl4+0

1500¢50+1154++15PF,15PH GENERATE 15 TRANSX,

1
Ly FNSTERM,P

INITIALIZE SAVEVALUES 1-1C TO ZERO

INITIALIZE XF1-8 TO ZERO

INITIALIZE SAVEVALUES ll-l4 TO ZERO

ASSIGN TERMIMAL # IN PH1

AVE 1/1.5 SEC
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LR VI L I

10

12
13

14
15
16
17
18
19
20
21
22
23
4
25
26
27
28
29
EL
11
32
33

51

# »

“

ASSIGN Gy 4yPH NUMBER OF BACKENDS IN SIMULATION
ASSIGN 6, 24PF PRIMARY /SECONDARY UPDATE CODE.INIT 2 OR R
ASSIGN 8 yFNSUSREQ, PH STORE # OF USER'S COMMANOS IN PHS
ASSIGN 11,50000,PF TRANSMISSICN SPEED TO CHANNEL
ASSIEN 12, 50000.,PF TRANSMISSION SPEED OF CHANNEL
ASSIGAM 13434 PH ADVANCE TIME FOR HINT OR BINT
ASSIGN 14,5, PH ADVANCE TIME FOR MESSAGE SYSTEM
QUEUE PM1 QUEUE FOR TERMINAL
SEIZE PH1 SEIZE THE TERMINAL
DEPART PHL DEPART QUEUE FOR TERMINAL
MAIN LOOP FOR USER REQUESTS
MORE ADVANCE 1000, 500 TIME TAKEN TC TYPE REQUEST
ASSIGN 8=y Lo PH DECREMENT # CF REQUESTS MADE BY USER
QUEVE 100 QUEUE HOST/TERMINAL CHANNEL
SEIZE 100 TERMINAL~-HOST CHANNEL
CEPART 100 LEAVE QUEUE HCST-TERMINAL CHANNEL
ADVANCE VSTRMNL LINE TRANSMISSION
RELEASE 100 RELEASE CHANNEL
QUEUE 99 QUEUE FOR CPU
SEIZE 99 SEIZE HOST CPU
CEPART 99
ASSIGA 2+FNS REQNGPH ASSIGN # CF IGC REQUESTS IN PH 2
ASSIGN 3+ FNSLNGTHPH LENGTH 0OF BUFFER TRANSMISSION
ASSIGN &4y FNSTYPE,PH ASSIGN UPDATE DR READ
ADVANCE PH13 HINT
ADVANCE PH14 MESSAGE SYSTENM
TEST & PH&,1 342 IF UPDATE MARK PFé6 A 1
ASSIGN Ge1,PF
ASSIGN 2+FNSRECRD .+ PF MAKE RECGRD ASS [GNMENT
ASSIGN 3,C1.PF MAKE CLOCK TIMNE ASSIGNMENT
ASSIGN SylsPH
CHECK FOR A FREE MACHINE
LCOPA RELEASE 99 FREE HOST CPU
QUEUE FMSHOBE WAIT FOR HOST-8E CHANNEL
SEIZE FNSHORBE SEIZE HOST-B8E CHANNEL
DEPART FNSHORBE
ADVANCE VSCHANL
ADVANCE 1 TIME TAKEN TO CHECK IF FREE
GATE SNE PHS,BEDB G0 TO BEDB IF BE FREE
RELEASE FNSHORE RETURN CHANNEL
QUEUE 99
SEIZE 99 SEIZE HOST CPU
DEPART 99
ASSIGA S+yl,PH
TEST LE PHS.PH&,FULL SEND TO FULL IF ALL BE'S ARE BUSY
TRANSFER LOOPA
FULL ASSIGAN S FNS RNOM,PH RANDOMLY ASSIGN 8E MACHINE
ADVANCE 1 ASSIGNMENT TIME
RELEASE 99 RELEASE THE HOST PRCCESSCR
BACKEND HAS BEEN SELECTED

QUEUE

FNSHOBE



&7
&8
&9
70
71
T2
73
T4
15
18

- 78
79

80
a1
82

83
a4
as
8é6
7
88
89
30
951
92
93

35
E1]
97
98

- % "

* % ¥

LK N )

BEDS

BEGIN

VCTE
Last

Loore

FINIOQ

READL

65

QUEUE FOR BE PARTITION
ENTER BE PARTITION

CHK IF UPDATE
INCREASE PROIRITY FOR UPDATES
SEIZE 8E CPU
ENTER REQUEST IN REQUEST TABLE

IF NOT AN UPCATE, SKIP 2 LINES
IF PRIMARY UPDATE GO 7O UPOTL
PHT7 I5 A CDUNTER

IF 10 DONE GO TO FINIO
IF UPQATE DON'T RELEASE QATABASE
RETURN BE CPU

SEIZE BE DEVICE FOR 1IQ

TIME FOR EACH 10

RELEASE DEVICE

IF UPQATE, BE IS ALREADY SEIZED
SEIZE BE CPU

PROCESSING TIME

INCREMENT COUNTER

IF SECONDARY UPQATE GQ TO ueOT2
IF NOT A PRIVMARY UPDATE, SKIP ARQUND
RELEASE THE SECONDARY MODIFICATIONS

RETURN INFORMATION TO THE HOST AND TERMINALS

MARK REQUEST AS BEING COMPLETE

LEAVE PARTITION IN BE
WAIT FOR HOST-8E CHANNEL

MESSAGE SYSTEM

QUEUE FQOR HOST
PREENPT HCST CPU

SEIZE FNSHOBE
DEPART FNSHOBE
ADVANCE VSCHANL
RELEASE FNSHOBE
ADVANCE PH13 BEINT
QUEUE PHS
ENTER PHS
DEPART PHS
TEST E PHéy Lo %+2
PRIGRITY 3
SEIZE PHS
TRANSFER +REQL
TEST € PHb 41 s 342
TEST € PF&+0,UPDT1
ASSIGN 71 QePH
PRCCESSING OF IC REQUESTS
TEST NE PH2,PHT,FINID
TEST NE PHA ;1 222
RELEASE PHS
QUEUE FMSBEDEV
SEIZE FNSBEDEY
DEPART FNSBEDEV
ADVANCE 52
RELEASE FNSEECEV
TEST AE PHG 41 +*+2
SEIZE PHS
ADVANCE 1
ASSIGN T+:14PH
TRAN SFER +L00PB
10 COMPLETED
TEST NE PF&,0.,UPDT2
TEST E PFREyLons2
SAVEVALUE PHS+,1.XF
MSAVEVALUE PHS ,PFO44,0,MX
ADVANCE PH13 BINT
RELEASE PHS
LEAVE PHS
QUEUE FNSHOBE
SE1ZE FNSHORE
CEPART FNSHORE
AD YANCE VSCHANL
ADVANCE PH14
RELEASE FNSHDSE
QUEUE 29
PREEMPT 99,PR
GEPART 99
ADVANCE PH13 HINT
RE TURA 99
QUEUE 100

WALIT FOT CPU=TERMINAL CHANNEL



99

100
101
102
103
104
105

106
127
108
109
110
111
112
113
114
115
1156
117
118
115
120
121
122
123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
lal
142
143
144
143
146
147
148
149
150

EKDIT
]

REQL

EIGHT
SEVEN
SIX
FIVE
FGUR
THREE
TwO
ONE

SKIPl

PREEFFT
DEPART
ACVANCE
RETURM

TEST

RELEASE
TERMINATE 1L

SAVEVALUE

ASSIGM

MSAVEVALUE

TEST
TEST
TEST
TEST
TEST
TEST
TEST
TEST

MSAVEVALUE
MSAVEVALUE
MSAVEVALUE
TRANSFER

MSAVEVALUE
MSAVEVALUE
MS AV EVALUE
TRANSFER

MSAVEVALUE
MS AVEVALUE
MSAVEVALUE
TRANSFER

MSAVEVALUE
MSAVEVALUE
MSAVEVALUE
TRANSFER

MS AV EVALUE
MSAVEVALUE
MSAVEVALUE
TRANSFER

MS AVEVALUE
MSAVEVALUE
MSAVEVALUE
TRANSFER

MSAVEVALUE
MSAVEVALUE
NS AV EVALUE
TRANSFER

MSAVEVALUE
MS AV EVALUE
MSAVEYALUE
TRANSFER

NE
hE
NE
NE
NE
KE
NE
NE

ADVANCE

TRANSFER

100+PR

100
VSTRMNL
100

PHB+0 ,MCRE
PHL

PHS+y 14 XK

9 s XH® W5 , PF
PHSsPFI 4l MX
PHS.1,0NE
PH5,2 ,TWO
PHS5+3 ,THREE
PHS,4,FOUR
PHS,5,FIVE

PHS +6 +SIX
PHS,T ,SEVEN
PHS+8+EIGHT
8oXHB o 1,PH2,MX

B9 XHE ;2,PF2  NX~

8y XH8, 3,PF3, MX
$SKIPL
ToXHT 41 4 PHZ s MX
TeXHT 42,PF2,MX
TeXHT 43:PF34MX
1 SKIPL
GeXHG 5] o PHZ 4 MX
Sy XHE 2, PFZ, MY
69 XH6 139 PF3 4 MX
s SKIP1

Se XHS, 1. PH2, HX
SeXHS 224 PF2,MX
SaXHS 33, PF3 4 NX
s SKIPL

GoXHb, 1,PH2,MX
SoXHb 42, PF2 4 MX
4o XMk s34 PF3I o MX
+SKIP1
34XH3 s 1 PH2, MX
39XH3 ,24PF2 4 MX
3y XH3 ¢ 34PF3¢MX
SKIPL

2 2 XH2 o1, PHZ s MX
29XHZ2 :25PF2,8X
29XH2:3,PF3, MX
1SKIPL

19 XHL +1 +PH2 4 MX
leXH142+PF24MX
LeXHL 43, PFI o MX
+SKIP1

1

yVAOTE

MORE REQUESTS BY THIS USER?
RELEASE OCCUPIED TERMINAL

INCREMENT # OF REQUESTS MADE

ENTER REQUESTS [N MODIFICATION TABLE

STORE LAST POINTER NUMBER IN PF9

MARK RECUEST AS PENDING

DETERMINE S8E YOU ARE REQUESTING ON
SO YOU CAN UPDATE APPROPRIATE TABLE.

STORE
STORE
STORE

STORE
STORE
STORE

STORE
STORE
STORE

STORE
STORE
STORE

STORE
STORE
STORE

STORE
STORE
STORE

STORE
STORE
STORE

STORE
STORE
STORE

TIME

THE
THE
THE

THE
THE
THE

THE
THE
THE

THE
THE
THE

THE
THE
THE

THE
THE
THE

THE
THE
THE

THE
THE
THE

TAKEN TO WRITE TO TABLE

NUMBER OF 10 REQUESTS

RECCRD NUMBER

ABSCLUTE CLOCK TIME QF
NUMBER OF ID REQUESTS

RECORD NUNBER

ABSOLUTE CLOCK TIME OF
NUMBER CF [Q REQUESTS

RECCRO NUMBER

ABSOLUTE CLOCX TIME OF
NUMBER CF 10 REQUEXTS

RECORD NUMSER

ABSOLUTE CLOCK TIME QF
NUMBER OF 10 REQUEXTS

RECORD NUMBER

ABSCLUTE CLOCK TIME OF
NUMBER QF [0 REQUESTS

RECCAD NUMBER

ABSCLUTE CLOCK TIME OF
NUMEBER OF [0 REQUESTS

RECCRO NUMBER

ABSOLUTE CLOCK TIME OF
NUMEER QF IQ REQUESTS

RECCRD NUMBER

ABSOLUTE CLOCX TIME OF

ROUTINE CALLED FOR MODIFICATICN RECUESTS

UPCATE

UPDATE

UPDATE

UPDATE

UPDATE

UPCATE

UPDATE

UPDATE

RE

RE

RE

RE



151
152

153
154
155
156
157
158
159
160
161

162
143
l64
165
166
167

168
169
170
171

172
173
174
175
176
177
178
179
180
181
182
183
184
185
185
187
188
189
190
191
192
193
194
195
196
197
198
199

" % W

UPDTL
SKIPS

SKIP&

ELSE

LOOPM

THERE
VOTEA

WAILT

DECRE

67

TEST E PF6,1.UPDT2 GO TQ UPDT2 IF THIS IS NOT A PRIMARY UPOT

ASSIGN Ty14PH A CDUNTER

TEST LE PHT+PH6 4, VOTIN [F COUNTR GT 4 OF BES, GO TO VOTEIN

TEST NE PHT,PHS, ELSE

ASSIGA 15+PH7,PH DATERMINE # OF BE TO BE UPDTED

TRANSFER 1243

ASSIGN TrelyPH

TRANSFER +SKIPS

ASSIGA T+sl,PH INCREMENT COUNTER

SPLIT 1,342

TRANSFER 1 3KIP 6

QUEUE VSBECNL QUEUE FOR BE TD B2E CHANNEL

SEIZE VSBECNL SEIZE THE BE TQ EE CHANNEL

OEPART VSBECNL LEAVE THE BE TO BE CHANNEL QUEUE

AOVAKCE VSCHANL TIME TAKEN TO SEND MESSAGE ACROSS THE CHA

RELEASE VSBECNL FREE THE BE TO BE CHANNEL

ASSIEN Se XH®PH1S,PF ASSIGN INTQ PFS # OF LAST ENTRY IN TABLE
SEARCH MQDIFICATICN TABLE

TEST NE PF5,0,VOTEA IF THERE ARE NO ENTRIES VOTE ACCEPT

TEST L MX®PHS(PF9,3 ) +MX*PH1S5(PF5,3),VOTEA TIMESTAMP LESS-VQOTE

TEST E MX®PHS({PF9,2) JMX*PHL15{PF5,2) ,0ECRE IF RECRD # DIFFRENT-

TEST E MX*PHLS(PFS,4)+0,WALIT IF REQUEST PENDING = WAIT

ADVANCE 10 VOTING TIME

QUEUE VSBECNL QUEUE FOR BE TO BE CHANNEL

SEIZE VSBECNL SEIZE THE BE TO BE CHANNEL

DEPART VSBECNL LEAVE THE BE TO BE CHANNEL QUEUE

ADVANCE VSCHANL TIME TAKEN TC SEMD MESSAGE ACROSS THE CHA

RELEASE VSBECNL FREE THE BE TO BE CHANNEL

SAVEVALUE PHS+.1.XF INCREMENT VOTE TALLYIER

TEST E XF#PH 5 4 PHE HOLD TILL ALL VOTES IN

AOVANCE 10 TIME TAKEN TC 'WRITE' OK MESSAGE

SAVEVALUE PHS,0,XF SET VOTE TALLYIER BACK 7O 0

ADVANCE 1 DELAY NEEDED TC ASSEMBLE THE REQUESTS

SAVEVALUE PHS+, 1:XF INCREMENT WAIT COUNTER

TEST E XFSPHS, PHE WAIT UNTIL PRIMARY UPDATE IS CCOMPLETE

QUEUE VSBECNL QUEUE FOR BE TO BE CHANNEL

SEIZE VSBECNL SEIZE THE BE TC BE CHANNEL

DEPART VSBECNL LEAVE THE BE TO BE CHANNEL QUELUE

ADVANCE VSCHANL TIME TAKEN TO SEND MESSAGE ACROSS THE CHa

RELEASE VSBEC NL FREE THE 2E TC BE CHANNEL

ASSIGN SePH1S,PH ASSIGN BE # INTQ PHS

ASSIGA 6+04PF MARK AS SECONDARY UPDATE

QUEUE PHS QUEUE FCR BE PARTITION

ENTER PHS ENTER BE PARTITICN

DEFPART PHS

TRANSFER +BEGIN GO TO BEGIN AND BEGIN SECONDARY UPDATINS

ADVANCE 5 TIME CUT 5 MSEC

TRANSFER »THERE

ASSIGN S=y1, PF OECREMENT TABLE PUINTER

TRANSFER 1 LOOPHM



200
231
202

203
204

205 .

206
207

VCTIN

uPOT2

SAVEVALUE
TEST E
TRANSFER

MSAVEVALUE
LEAVE
RELEASE
ASSEMELE
TRANSFER
START
NOXREF

ENC

68

PHS5+4 Lo XF INCREMENT VOTE TALLYIER

XF2PH S, PHE HCLD TILL ALL VOTES COUNTED

+LABL

PHLS s XHRPHLS ¢ 4,50 o MX MARK REQUEST AS COMPLETED
PHS LEAVE BE PARTITICN

PHS

VSMINUS ASSEMBLE ALL SECONDARY UPDATES
+ENCIT

800,400

sx%% ASSEMBLY TIME = .04 MINUTES ®%23
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NUMBER SLOC OPERATION AeBoCoDsEsFeGoHsl COMNENTS "
STMILITE
RMUL T 14523
RMULT 37

JOHNSCN & THCMaS
*x  ENTITY DEFINITIONS
PARAMETERS

PH1: TERMINAL ASSIGNMENT NUMBER
PPl: HALFWORC SAVEVALUE WHOSE NUMBER IS 10+PHS
PH2: NUMBER CF 1/0 REQUESTS NECESSARY FOR EACH USER RWQUEST
PF2: THR SPECIFIC RECORD NUMBER
PH3: SIIE OF MESSAGE BUFFER
PF3: THE ABSCLUTE CLOCK TIME
PH4: MARKED Q IF READ REQUEST
1 IF PRIMARY UPDATE REQUEST
2 IF SECONDARY UPDATE REQUEST
PF4: MARKED O IF UPDATE REQUEST HAS NOT REEN SPOOLED
1 IF UPDATE REQUEST HAS BEEN SPOQOLED
PHS: 1D NUMBER QF THE BACKEND MACHINE BEING USED
PH&: NUMBER CF BACKEND MACHINES USED IN THE SIMULATION
PHT: A COUNTER
PH8: NUMBER OF REQUESTS MADE BY THE USER
PH9: CHANNEL ID USED BETWEEN TWO BACKEND MACMINES
PF11: TRANSNISSICN SPEED TO CHANNEL IN BITS/SEC
PFl2: CHANNEL TRANSMISSION SPEED IN BITS/SEC
PH13: TIME USED BY HINT OR BINT
PH14: TIME USED BY THE MESSAGE SYSTEM
PH15: ID NUMBER OF THE BE THAT THE SECONDARY UPDATE IS SENT TO

FACILITIES

1 - 43 CPU'S OF THE FOUR BACKEND MACHINES
11,22+,33,44: CHANNELS FROM BACKEND TO DEVICE
12=»14: CHANNELS FROM BEl TO BE2, BE3.AND BE4
21,234,243 CHANNELS FROM BE2 TQ BE1,B2E3.,AND BE4
31,32,34: CHANNELS FRQOM BE3 TO BE1,BEZ,AND 8E4
41->43: CHANNELS FROM BRE4 TOQ BEL, BE2,AND BE3
81->S4: CHANNELS BETWEEN HOST AND BE

99: WOST CPU

100: TERMINAL TO HOST CHANNEL

101->109: TERMINALS CCNNECTED TO HOST

HALFWORC SAVEVALUES
XH1->XH&3 CURRENT TABLE POINTERS FOR BE1->BE4
M1i=>XH14: LAST TABLE PCQINTERS FOR BEl->8E4

DEFINIT ICNS
UPDAT1: PRIMARY UPDATE
UPDAT2: SECONDARY UPDATE
LAST: ROW OF MATRIX LAST USED TN UPDATING
CURRENT: NUMBER OF UPCATES SPDOLED TO THAT BE

E TS S EFRES T REETEE SRR E R R EE R RENERERENNEENENRESEREESSERESESEBRESEES.
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70
HALFWCRC MATRIX

1: UPDATE TABLE FOR BEl1

2: UPDATE TABLE FOR BE2

3: UPCATE TABLE FOR BE3 :

43 LPOATE TABLE FOR BE4 N

S: LPDATE TABLE FOR BES

&6: UPCATE TABLE FOR BE&

7: UPOATE TABLE FOR BE7

8: LPDATE TABLE FOR BES

X N NN ]

MATRIX MXe504+3
MATRIX MX 450 +3
MATRIX MXe 50,3
MATR IX MX, 50,3
MATRIX MX ¢50 +3
MATRIX MX¢50.+3
MATR1IX MXy 50+ 3
MATRIX MX 45043

BIdrnF U~

]

L4 STORAGES REPRESENT PARTITIONS IN EACH BACKEND
x
STCRAGE $1-58 .2
TRMNL FVARIASLE PH3®8/PFl1*1000
CHANL FVARIABLE PH3I»8/PF12s1000
LAST VARTABLE 10+PH5
INCRE VAR]J ABLE PHT+1l
BECNL VARIABLE 10%PH 5+PHLS
TYPE FUNCTION RN2,02
«80,0/1.00,1
* 208 UPDATE
TERM FRUNCTION RN2,D8
» 1254101/ .25+102/ 3754103/ .5,104/ .62%,108/ .75,106/.875,107/1.0,108
RECRD FUNCTICN RN2.+010
o10431/ 02042/ ¢2003/e%40e4/05005/.6006/07047/7/.80:8/.90+9/1.0,10
REQNOC FRUNCTICN RNZ,010
0109172092730 +4/44045/e5047/460¢9/.7T09117.80,12/.90,13/1.00+14%
LNGTH FUNCTION - RN2,02

+90,128/1 .00, 256
® 90% FIT IN CNE BUFFER

HOBE FUNCTION PHS,08 HOST TO BE CHANNELS
Le9Ll/2092/3053/4994/5¢95/8+967/7+37/8+98

BEDEY FUNCTICN PH5,08 BE TO DEVICE CHANNELS
1+11/2+422/3 143374 44475,55/646677,77/8,88

USREQ FUNCTION  RN2,0S8 # OF REQUESTS BY A USER

1091/ 220937 44095/ 50477 .60¢9/.70411/.80,13/.90415/1.0C,17
*
RNOM FUNCTICN RN2+04

025411/ e50+2/475+¢3/1.000 &
*

INITIAL XHL=-XH9,0 INITIALIZE SAVEVALUES 1-10 TO ZEROD
INITIAL XH11-xH138+0 INITIALI ZE SAVEVALUES 1ll1-18 TQ ZEROD

]
GENERATE 15005 504+ 15y 4 15PF, 15PH GENERATE 15 TRANSX, AVE 1/1.5 SEC
PRIGRITY 1
ASSIGN LeFNS TERM, PH ASSIGN TERMINAL # IN PHL

ASSIGN SehePH NUMBER OF BACXENDS IN SIMULATION



16
17
13
19

21
22
23
2%
25
26
27
28
29
30
31
32
33
34
35

ETS
17
38
39
40
41
42
43
44
45

47
48
49
50
£l
52

L)

L

MORE

ASSIGN
ASSIGN
ASSIGA
ASSIGA
ASSIGN
SAVEVALUE
TEST €
ASSIGN
QUEUE
SEIZE
QEPART

H+FNS USREQ,PH
11, 50000,PF
12,50000,PF
13,5+PH

lée S¢ PH
F4s1e XH

XHG 415 %42
9 loPF

PHL

PHL

PHl

71

STORE # OF USER'S COMMANDS IN PwW8
TRANSMI SSION SPEED TO CHANNEL
TRANSMISSION SPEED OF CHANNEL
AQVANCE TIME FOR HINT OR BINT
ADVANCE TIMNE FCR MESSAGE SYSTEM
INCREMENT USER COUNTER

IS THIS THE LAST USER?

MARK AS LAST USEeR

QUEUE FOR TERMINAL

SEIZE THE TERMINAL

DEPART QUEUE FOR TERMINAL

MAIN LOOP FOR USER REQUESTS

ADVANCE
ASSIGN
QUEUE
SEIZE
DEPART
ADVANCE
ADVANCE
RELEASE
QUEUE
SEIZE
DEPART
ASSIGN
ASSIGN
ASSIGN
ADVANCE
AQVANCE
TEST E
ASSIGN
ASSIGN
ASS1GM

CHECK FOR A FREE MACHINE

LCOPA RELEASE

FULL

QUEUE
SEILE
DEPART
AD VANCE
ADVANCE
GATE SNE
RELEASE
QUEUE
SEIZE
DEPART
ASSIGAM
TEST LE
TRANSFER
ASSIGA
ADVANCE
RELEASE

BACKEND HAS BEEN SELECTED

1000,500

8=+ 1+ PH

100

100

100

vV STRMNL
VSCHANL

100

99

99

99

2¢ FNSREQNDO.PH
3, FNSLNGTH. PH
GoFNS TYPE  PH
PH13

PH14

PH& o1 %43
2+FNSRECRD 4 PF
3¢C1,PF
SylePH

99

FNSHOBE
FNSHARE
FNSHOBE
YSCHANL

1

PH5,8ED8
FNSHOBE

99

99

99

S4,1,PH
PHSPH&EFULL
+LO0PA

5§ ¢+ FNSRNDM, PH
1

99

TIME TAKEN TC TYPE REQUEST

DECREMENT # OF REQUESTS NADE B8Y USER

QUEUE HOST/TERMINAL CHANNEL
TERMINAL-HOST CHANNEL

LEAVE QUEUE HOST-TERMINAL CHANNEL
LINE TRANSMISSION

CHANNEL TRANSMISSION

RELEASE CHANNEL

QUEUE FQR CPU

SEIZE HAST CPU

ASSIGN # OF IO0 REQUESTS IN PH 2
LENGTH OF BUFFER TRANSM1IS3IDN
ASSIGN UPCATE OR READ

HINT

MESSAGE SYSTEM

IF UPOATE MAKE RECORD & CLDCK TIME ASSIG!

MAKE RECORD ASSIGNMENT
MAKE CLOCX TIME ASSIGNMENT

FREE WOST CPU
WAIT FOR HOST-8E CHANNEL
SEIZE HOST-8E CHANNEL

TIME TAKEN TG CHECK [F FREE
GO TO BEDB IF BE FREE
RETURN CHANNEL

SEIZE HOST CPU

SEND TO FULL IF ALL BE'S ARE BUSY

RANOOMLY ASSIGN BE MACHINE
ASSIGNMENT TIME
RELEASE THE HOST PROCESSCR



%%
55
56
57
58
59
&0
¢1
52
63

&S

66
67
&8
&9
70
71
12
73
T4
5
16

78
79
80
a1
g2

a3
846

as
86
87

as
a9

30
9l
92
93

95

% % &

L B K

L I

BEDB

LooP8

FINIO

RECPU

FINUP

READ

72

QUEUE FNSHORE
SEIZE ENSHOBE
DEPART FNSHOBE
ADVANCE VSCHANL
RELEASE ENSHOBE
ADVANCE PH13 BINT
QUEUE PHS QUEUE FOR BE PARTITION
ENTER PHS ENTER BE PARTITION
DEPART PHS
TEST E PHéy L, 3+2
PRIORITY 3
SEIZE PHS SEIZE THE BE CPU
ASSIGN TeQsPH PHT IS A COUNTER
PRCCESSING OF 10 REQUESTS
TEST .NE PH2,PHT+FINIO IF 10 DONE GO TO FINIQ
TEST NE PH4gl s *42
RELEASE PHS
QUEUE FNSBEDEY
SEIZE FNSBEDEY . SEIZE BE DEVICE FOR IO
ODEPART FNSBEDEY
ADVANCE 52 TIME FOR EACH IO
TEST E PH4y 1,34+ 4 IS REQUEST A PRIMARY UPOATE?
TEST KE PFéy 1,243 HAS THIS UPDATE ALREADY BEEN SPOULED?
ADVANCE 30 IF NOT, SPOOL THE UPDATE
ASSIGN 4yl PF MARK THE UPDATE AS SPOCLED
RELEASE FM $SBEDEY RELEASE DEVICE
TEST AE PH& 41 342
SEIZE PHS SEIZE THE BRE CPU
ADVANCE 1 , PROCESSING TIME
ASSIGN T+,1,PH INCREMENT COUNTER
TRANSFER LOCPE
10 COMPLETED
TEST NE PH4, 1,UPDTL IF UPDATE, GC TO UPDT1-CHANGE TABLE
TEST & PH&4 2, READ IF QUERY ONLY COMMAND, GO TO READ
REQLEST IS A SECONDARY MODIFICATION
RELEASE PHS
LEAVE PHS RELEASE THE BE PARTITIDN
LEAVE 9 LEAVE SECCNDARY UPCATE STORAGE
TEST G S*PH5 ,1,UPDT 2 IF BE PARTITION EMPTY GO TDO UPDATES
TRANSFER ENDIT ELSE END TRANSACTION
RETURN INFORMATION TO THE HOST AND TERMINMALS
ADVANCE PH13 BINT
RELEASE PHS
LEAVE PHS LEAVE PARTITION IN BE
TEST E SEPHS ;0,542 IF PART ITIONS EMPTY, SPLIT
SPLIT 1, UPD T2 SPLIT AND SEND 1 TO UPDT2
QUEUE FNSHOBE WAIT FOR HOST=-8E CHANNEL



96

98

99

100
101
102
103
104
105
106
107
108
109
110
i1l
112
113
114
115

116
117
118
119
120
121
122
123
1264
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149

" an

ENDIT

UPDT1

E1GHT

SEVEN

SIX

F1ve

SEIZE
QEPART
ADVANCE
ADVANCE
RELEASE
QUEUE
PREEMFT
DEPART
ADVANCE
RETURN
QUEUE
PREEMPT
DEPART

" ADVANCE

RETURN
TEST E
RELEASE
TEST E
GATE SE
TERMINATE

FNSHOBE
FNSHOBE
VSCHANL
PH14
FNSHQRE
99

99 +PR

39

PH13

99

100
100.PR
100
VSTRMNL
100

PHB+0 +MDRE
PHL

PE94l 1542
9

1

73

MESSAGE SYSTEM

QUEUE FOR HOST
PREEMPT HOST CPU

HINT
WAIT FOT CPU-TERMINAL CHANNEL

MORE REQUESTS 8Y THIS USER?

RELEASE OCCUPIED TERMINAL

SKIP ARCUNQ [F NOT LAST USER

NO ENTRY TILL ALL UPDATES HAVE BEEN COMPL

ENTER MODIFICATION REQUESTS IN BE MODIFICATION TASLE

SAVEVALUE
TEST NE
TEST NE
TEST NE
TEST NE
TEST NE
TEST NE
TEST NE
TEST NE

MS AVEVALUE
MS AVEVALUE
MSAVEVALUE
TRANSFER
MS AVEVALUE
MSAVEVALUE
MSAVEVALUE
TRANSFER
MSAVEVALUE
MSAVEVALUE
MS AV EVALUE
TRANSFER
MSAVEVALUE
MSAVEVALUE
MSAVEVALUE
TRANSFER
MSAVEVALUE

" MSAVEVALUE

THREE

WO

MSAVEVALUE
TRAN SFER

MS AV EVALUE
MSAVEVALUE
MSAVEVALUE
TRANSFER

MSAVEVALUE

PHS 4y LoXH
PHS,1 +ONE
PHSe2,THWO
PHS+3 » THREE
PHS o4 + FOUR
PHS,5,FIVE
PHS,6.5IX
PHS,7 +SEYEN
PHS »8 2EIGHT

8¢ XHBs Lo PHZ MX
B8¢XHE 2, PF2,MX
Be XHE 23+ PFI LMY
'+ SKIP1
ToXHT o Lo PHZ, MX
T o XHTY 42, PF2 4 NX
TeXHT y3.,PFIMX
+SKIP L

69 XHE 51, PH2 , MX
6¢ XHE +2,PF2,NX
&9 XHE 4 3, PF3, MX
#SKIP1

Sy XHS o1 ¢ PHZ 4 MX
SeXHS5+2:PF2oMX
SeXHS 39 PF3, MX
1SKIP1

Gy XHé g Lo PHZ 4 MNX
boXHbh o 2,:PF 2 MK
&y XH& 33 4 PF3 4 ¥X
¢+ SKIP1

3¢ XH3y 12 PHZ MX
3:XH3 12 PF2 e MX
39XH3 43+ PF3 4 NX
P SKIP 1L
2:XH2 ¢ 1o PH2, MX

INCREMENT # OF UPDATES SPOOLED
OETERMINE RE YQU ARE UPCATING ON
SO YOU CAN UPDATE APPROPRIATE TABLE.

STORE
STORE
STORE

THE
THE
THE

NUMBER OF IQ REQUESTS
RECORD NUMBER

ABSOLUTE CLOCK TIME OF UPODATE RE
STORE
STORE
STORE

THE
THE
THE

NUMBER OF IO REQUESTS
RECORD NUMBER

ABSOLUTE CLOCK TIME OF UPDATE RE
STORE
STORE
STORE

THE
THE
THE

NUMBER OF [0 REQUESTS
RECORO NUMBER

ABSCLUTE CLOCK TIME OF UPCATE RE
STORE
STORE
STORE

THE
THE
THE

NUMBER CF I0 REQUEXTS
RECORD NUMBER

ABSOLUTE CLOCKX TIME OF UPDATE RE
STORE
STORE
STORE

THE
THE
THE

NUMBER CF I0 REQUEXTS
RECCRD NUMBER

ABSOLUTE CLOCK TIME OF UPDATE RE
STORE
STORE
STORE

THE
THE
THE

NUMBER CF IO REQUESTS
RECORO NUMBER
ABSOLUTE CLOCK TIME OF UPQATE RE

STORE THE NUMBER OF [0 REQUESTS



150
151
152
153
154
155
156
157
158

159
leQ
161

162
163
1564
165
166
167
168
169

170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189

190
191
192

193
194
195

% "

L R ]

[

ONE

SKIPl

uergT2

LoopC

ELSE
SKiP2

TIMCK
Leoen

MSAVEVALUE
MS AV EVALUE
TRANSFER
MSAVEVALUE
MSAVEVALUE
MSAVEVALUE
TRANSFER
ADVANCE
TRANSFER

2:XH2 s 2,PF2,0X
2¢AHZ2 439 PF3 ¢ MX
+SKIPL1

1o XHL 41 ¢PHZ » MX
Lo XHLl, 24PF2,MX
1:XHL ,3,PF3 MX
1 SKIPL

1

2READ

74
STORE THE
STORE THE

RECORD NUMBER
ABSOLUTE CLOCK TIME OF UPDATE RE

STORE THE
STORE THE
STORE THE

NUMBER OF I0 REQUESTS
RECORD NUMBER
ABSOLUTE CLOCK TIME OF UPDATE RE

TIME TAKEN TO WRITE TO TABLE

ROUTINE CALLED TO PERFORM SECONDARY MODIFICATION REQUESTS

TEST L
SAVEVALUE
ASSIGN

TEST L
TEST L
ASSIGN
TRANSFER
ASSIGN
ASSIGN
ASSIGN
SPLIT

QUEUE
ENTER
DEPART
SEIZE
ADVANCE
RELEASE
LEAVE
ENTER
QUEUE
SEIZE
DEPART
ADVANCE
ADVANCE
RELEASE
QEJE
ENTER
DEPART
ASSIGN
PRIQRITY
SEIZE

LHOYSLAST s XH*PHS ENOQIT

YSLAST+,1,XH
Tel.PH

PHT PHO s FINUP
PHT PHS4ELSE
1SePH T, PH
e3SKIP2

15,v$ INCRE, PH
9 VSBECNL .PH
T+y1s PH
1.,L00fC

PHS

PH5

PHS

PHS
PHL3
PHS

PHS

9

PHI

PHO

PH9
VSCHANL
PHL&
PHO
PHLS
PHLS
PH1S

1y XHEVSLAST, PE
3

PHLS

CONTINUE IF UPDATES PENDING
UPDATE TABLE POINTER LAST

IF COUNTER=¢ OF BE GO TO FINUP

DETERMINE # OF 8E TO BE UPDATED

INCREMENT COUNTER
SEND QUT ANOTHER UPDATE TO NEXT,BE

SEIZE THE BE CPU

BINT

ENTER UPOATE PENDING STORAGE
QUEUE FOR CHANNEL BETWEEN 2 BE'S
BE TO 8E CHANNEL

MESSAGE SYSTEM

SEIZE THE BE CPU

CHECK THE TIMESTAMPS OF SAME RECORD MODIFICATIONS AT THAT 88

ASSIGA
TEST NE
TEST L

Sy XHEPHLS5,PF
PFS5.0.CONTY

MY #PHSI{PFL, 3) ,MX*PHLIS{PF5,31,C0NTU

INITIALIZE CNTR TO FINAL ENTRY IN UPDT T!
IF THERE ARE NO ENTRIES., CONTIMNUE.
IS TIMESTAMP LESS?

IF TIMESTAMP OLDER., DON'T PERFORM MCDIFICATION

TEST €
RELEASE
LEAVE

MX*PHS(PFLl, 2 ) MX®PHLS(PF5,2),+5 15

PH1S
PHL1S

IT THE SAME RECORD?
RELEASE THE BACKEND PROCESSOR
LEAVE THE BE PARTITION



) 75
19¢ LEAVE 9 LEAVE SECONDARY UPDATE STORAGE LIST

137 TRAN SFER +ENDT T
198 ASSIGN 5=+ 14 PF DECREMENT COUNTER
199 TEST £ PF5.0,L00PD LOOP IF MORE IN TABLE
200 CONTU ADVANCE PH13 BINT ON NEXT BE
201 ASSIGN by 2¢PH CODE UPDATE AS SECONDARY
202 ASSIGN Ts0sPH COUNTER
203 ASSIGN 2oMX®PHS (PFl,1),PH  ASSIGN INTO PHZ THE # OF ID REQ
204 ASSIGN S+PHLS,PH ASSIGN PH1S INTOD PH3
205 TRANSFER LOOPB

START 800,400

NOXREF '

ENOD

sa33 ASSEMBLY TIME = ,04 MINUTES ss=»



eLOoCK 76

NUMBER =LCC OPERATICN ApBeCoeDyEsFyGeHal COMMENTS
SINULATE
RMUL T 14523
RMULT 92576

ELLIS MCDEL
#s  ENTITY OEFINITIONS
PARAMETERS

PH1: TERMINAL ASSIGNMENT NUMBER
PFl: HALFWGRO SAVEVALUE WHOSE NUMBER IS 10+PHS
PH2: NUMBER CF 1/0 REQUESTS NECESSARY FOR EACH USER RWQUEST
PF2: MOCIFICATION REQUEST NIMBER
PH3: SIZE OF MESSAGE BUFFER
PH4: MARKED ¢ IF READ REQUEST
1 IF PRIMARY UPDATE REQUEST
2 IF SECONCARY UPDATE REQUEST
PF4: MARKED Q IF UPDATE REQUEST HAS NQT @SEN SPCQOLED
1 IF UPOATE REQUEST HAS BEEN SPUOLED
PHS: ID NUMBER OF THE BACKXEND MACHINE BEING USED
PH&: NUMBER CF BACKEND MACHINES USEC IN THE SIMULATION
PHT: A COUNTER
PHE: NUMBER OQF REQUESTS MADE BY THE USER
PH9: CHANNEL ID USED BETWEEN TWO BACKEND MACHINES:
PF11: TRANSNISSION SPEED TOD CHANNEL IN BITS/SEC
PF1Z: CHANMEL TRANSMISSION SPEED IN BITS/SEC
PH13: TIME USEC BY HINT OR BINT
PH14: TIME USED BY THE MESSAGE SYSTEM
PH1%: [D NUMBER OF THE BE THAT THE SECCNCARY UPDATE IS SENT TQ

FACILITIES

1 - 43 CPU'S OF THE FOUR BACKEND MACHINES
11422533443 CHANNELS FROM BACXEND TO DEVICE
12->14: CHANNELS FROM BE1 TO BE2, 2E3,ANO BE4
21¢23924: CHANNELS FROM BEZ TO BEl,BE3,AND BE4
31.22,34: CHANNELS FROM BE3 TO BE1,BE2,AND BE%
41~->43: CHANNELS FROM BE4 TO BE1l,BEZ,AND BE3
91->%4: CHANNELS BETWEEN HOST AND EE

99: HQST CPU

100: TERMINAL TO HOST CHANNEL

101->109: TERMINALS CONNECTED TQ HOST

HALFWORLC SAVEVALUES .
XH1: NUMBER OF MODIFICATION REQUSTS ACCEPTED BY HOST

DEFINITICNS
UPCAT1: PRIMARY UPDATE
UPDAT2: SECONDARY UPDATE
LAST: ROW OF MATRIX LAST USED IN UPCATING
CURRENT: NUMBER OF UPODATES SPOOLED TO THAT B8E

STORAGES REPRESENT PARTITIONS IN EACH ZACKEND

T EEFEREEFTEEENSEESENEESE SN EENEESE NS SR EEE R RN E R R EENESENE SRS



STCRAGE S1-58,2 o

=

TRMNL FVARIABLE PH3*8/PFll®1000

CHANL FVARIABLE PH3*8/PF12%1Q00

LAST VARIABLE 10+PHS :

INCRE VARIABLE PHT+1

BECNL VARIABLE LO*PH5+PHLS

TYPE FUNCTICN RN2,02
-30!0/1- anl 1
* 202 UPFATE

TERM FUNCTICN RNZ,08
«12541017/.25+102/.375+103/.5+104/.625,105/ .75,106/ .875+107/1.0,4 108
REQNO FUNCTION RN2,010
1001/ 42042/ 23098/ 405/ .50:7/ 6003/ .T0e11/.20+12/.90+13/1.0041%
LNGTH PUNCTICN RN2.+02

+90+128/1.0C,254
*® 90% FIT IN ONE BUFFER

HCBE FURCTICN PH5,D8 HOST TO BE CHANNELS
1e91/72492/3453/8¢9675+95/6,96/7,97/8,98

BEDEY FUNCTION PHS.D8 8E TO DEVICE CHANNELS
19l1/2422/3 433/ 6984/5,55/6466/7,77/8,88

USREQ FUNCTICN RN2 409 # OF REQUESTS 8Y A USER

«10+41/220+3/448¢5/+50+7/460¢9/.70,117.80,13/.90,15/1.00417
*
RNOM FUKRCTICN RN2,04
02841/45002/475¢3/1.00+4
L

INITIAL  XM1-KHé,0 INITIALIZE SAVEVALUES 1-1C TO ZERO

x
1 GENERATE  1500,50,,15,,15PF,15PH GENERATE 15 TRANSX, AVE 1/1.5 SEC
2 PRIORITY 1
3 ASSIGN 14 FNSTERN, PH ASSIGN TERMINAL # IN PH1
4 ASSIGA 614 4PH NUMBER OF BACKENOS IN SIMULATION
5 ASSIGN 84FNSUSREQsPH  STORE # OF USER®S COMMANGS IN PH8
6 ASSIGN 11, 50000, PF TRANSMISSION SPEED TO CHANNEL
7 ASSIGA 12,50000, PF TRANSMISSION SPEED OF CHANNEL
8 ASSIGN 13454 PH ADVANCE TIME FOR HINT QR BINT
9 ASS1GN 14y 5 PH ADVANCE TIME FOR MESSAGE SYSTEM
10 QUEUE PH1 QUEUE FOR TERMINAL
11 SEIZE PH1 SETZE THE TERMINAL
12 DEPART PH1 DEPART QUEUE FOR TERMINAL

E

. MAIN LOCP FOR USER REQUESTS

®
12 MORE AQVANCE 1000, 500 TIME TAKEN TC TYPE REQUEST
14 ASSIGN 8=y 1y PH DECREMENT # OF REQUESTS MAOE 8Y USER
15 QUEUE 100 QUEUE HOST/TERMINAL CHANNEL
16 SEIZE 100 TERMINAL-HOST CHANNEL
17 DEPART 100 LEAVE QUEUE HOST-TERMINAL CHANNEL
12 AOVANCE  VSTRMNL LINE TRANSMISS ION
19 RELEASE 100 RELEASE GHANNEL
20 ey 99 QUEUE FOR CPU
21 SEIZE 99 SEIZE HOST CPY
22 DEPART 99
23 ASSIGN 2,FNSREQND.PH  ASSIGN # OF 10 REQUESTS [N PH 2
24 ASSIGN 3, FNSLNGTH,PH  LENGTH OF BUFFER TRANSMISSION

25 ASSIGN 4FNSTYPEPH ASSIGN UPCATE OR READ



26 AOVANCE  PH13 HINT L

27 ADVANCE PH14 MESSAGE SYSTEM
28 TEST NE PH&,1 ,UPDT IF UPDATE 60 TO UPOT FOR ASS [SNMINT
29 ASSIGN Se l4PH 2
®
] CHECX FCR A FREE MACHINE
L
30 LOOPA RELEASE 99 FREE HOST CPU
31 QUEUE ENSHOBE WAIT FQR HOST-B8E CHANNEL
32 SEIZE ENSHOBE SEIZE HQST-BE CHANNEL
a3 DEPART FNSHOBE
34 AQVANCE VSCHANL
35 ADVANCE 1 TIME TAKEN TO CHECK [F FREE
38 GATE SNE PH5,BEDS GO TO BSEDE IF BE FREE
37 RELEASE FNSHOBE RETURN CHANNEL
38 QUEUE 99
19 SEIZE 99 SEIZE HOST CPU
40 DEPART 99
41 ASSIGA S++1, PH
42 TEST LE PH5,PHE.FULL SEND TO FULL [F ALL BE'S ARE BUSY
43 TRANSFER +LOCPA
Gd FULL ASSIGN Sy FNSRNOM,PH RANDOML Y ASSIGN BE MACHINE
45 ADVANCE 1 ASSIGNMENT TIME
46 RELEASE 39 RELEASE THE HOST PROCESSOR
-
* BACKEND MAS BEEN SELECTED
E 3
47 ENTER QUEUE FNSHOBE
48 SEIZE FNSHOBE
49 OEPART FNSHOBE
50 ADVANCE VSCHANL
51 BECB RELEASE FNSHOBE
52 ADVANCE PH13 BINT
53 QUEUE PHS QUEUE FOR BE PARTITION
54 ENTER PHS ENTER BE PARTITION
55 OEPART PHS
56 SEIZE PHS SEI2ZE THE 8E CPU
57 ASSIGN Te0sPH PHT IS A CCOUNTER
=
=« PRCCESSING QF IC REQUESTS
E
58 LOOP8 TEST NE PH2,PHT, READ IF 10 DONE GG TO READ
59 TEST KE PHé&y 1842
&C RELEASE PHS
&1 QUEUE FNSBEDEV
42 SEIZ2E FNSBEDEY SEIZE BE DEVICE FOR IO
&3 OEPART FNSBEDEY
(23 ADVAKCE 52 s TIME FOR EACH [0
&5 TEST € PHGy 1 y844 IS REQUEST A PRI MARY UPDATE?
66 TEST NE PE&,y 1,843 HAS THIS UPDATE ALREADY BEEN SPOCLED?
&7 ADVANCE 30 IF NQT, SPOOL THE UPDATE
&8 ASSIGN 4e1,PF MARK THE UPDATE AS SPCOLED
&9 RELEASE FMSBEDEV RELEASE OEVICE
¢ " TEST NE PHG o1 1 %42
71 SEIZE PHS SEIZE THE 8E CPU
12 ADVANCE 1 PROCESSING TIME

73 ASSIGAM T+yle PH INCREMENT COUNTER



T4 TRANSFER  ,LOOPS 79

=
: 3
* I0 COMPLETED
E ]
3 + B
] RETURN INFCRMATICN TO THE HOST ANO TERMINALS
x
75 READ ADVANCE PH12 BINT
18 RELEASE PHS5
17 LEAVE PHS LEAVE PARTITION IN BE
78 QUEUE FNSHOBE WAIT FOR HOST=-BE CHANNEL
79 SEIZE FNSHOBE
80 DEPART ENSHOBE
a1 ADVANCE VSCHANL
82 ADVANCE PH14 MESSAGE SYSTEN
83 RELEASE FNSHOBE
g4 TEST € P4 41 ,3+3
8§35 LOGICR PF2 RESET THE LOGIC SWITCH TC FREE HELD TRANS
a6 TRANSFER sENOIT
87 RETRN QUEUE 99 QUEUE FQR HOST
a8 PREEMPT 99.PR PREEMPT HCST CPU
a9, DEPART 99
90 ADVANCE PH13 HINT
91 RETURA 99
92 QUEUE 100 WAIT FOT CPU=-TERMINAL CHANNEL
33 PREENFT 100,PR
94 DEPART 100
95 ADVANCE VS TRMNL
96 RETURN 100
97 TEST E PHB ,0 MORE MORE REQUESTS 8Y THIS USER?
98 RELEASE PH1 RELEASE CCCUPIED TERMINAL
99 ENDIT TERMINATE 1
E
®
= ROUTINE CALLED FOR MODIFICATIGN RECUESTS
=
100 UPCT ASSIGN TslePH
101 . SAVEVALUE 1l+,1,XH [NCREMENT xXH1—THE UPDATE COUNTER
102 ASSIGN 24 XH1 ,PF ASSIGN UPDATE # TQ PF2
103 LOGICS PF2 SET LOGIC SWITCH PF2
104 LCOPC TEST LE PHT s PHE o MAIT IF COUNTER=# OF 9E GO TO WAIT
105 ASSIGN SePHT ,PH DETERMINE # OF BE TQ B8E UPOATED
106 ASSIGN T4 1, PH INCREMENT COUNTER
107 SPLIT l¢ ENT ER SEND OUT TRANSX COPY TGO BE UPDATED
108 TRANSFER yLOCPC SEND THE PARENT TRANSX TQ LOOPC
E
109 WAIT RELEASE 99 RELEASE THE HOST PROCESSOR
110 GATE LR PF2 WAIT UNTIL LOGIC SWITCH PF2 [S RESET
111 TRANSFER +RETRN GO TO RETRN WHEN THE MODIFICATION REQUEST
- HAS BEEN COMPLETED B8Y CNE OF THE BACKENDCS
3
NOXREF
START 800y, 100
ENC

sx¥® ASSEMBLY TIME = .03 MINUTES ss=xx



BLOCK 20

NUMBER =LOC OPERATION AyByCy0yEsF+GoHsI COMMENTS
' SIMULATE
RMULT 92576
RMULT 14523

COCASYL MODEL
**  ENTITY DEFINITIONS
PARAMETERS

PH1: TERMINAL ASSIGNMENT NUMBER
PFl: HALFWORC SAVEVALUE WHOSE NUMBER 15 10+PMS
PH2: NUMBER CF I/0 REQUESTS NECESSARY FOR EACH USER RWQUEST
PH3: SIZE OF MESSAGE BUFFER
PH&: MARKED O IF READ REQUEST
1 IF PRIMARY UPDATE REQUEST
2 IF SECONDARY UPDATE REQUEST
PF4: MARKED 0 IF UPDATE REQUEST HAS NOT SEEN SPOQLED
1 IF UPDATE REQUEST HMAS BEEN SPOOLED
PHS: ID NUMBER COF THE BACKEND MACHINE BEING USED
PHé&: NUMBER OF BACKEND MACHINES USED IN THE SINMULATION
PHT: A COONTER
PH8: NUMBER CF REQUESTS MADE BY THE USER
PHG: CHANNEL ID USED BETWEEN THO BACKEND MACHINES
PFll: TRANSNISSION SPEED TD CHANNEL [N BITS/SEC
PF12: CHANNEL TRANSMISSION SPEED IN BITS/SEC
PH12: TIME USED BY HINT OR BINT
PH14: TIME USED BY THE MESSAGE SYSTEM
PF14: LAST TRANSACTION MARKER
PH1%:z ID NUMBER OF THE BE THAT THE SECONDARY UPOATE IS SENT TO

FACILITIES

1 - 4: CPU'S OF THE FOUR BACKEND NACHINES
11422+ 33+ 445 CHANNELS FROM BACKEND TO DEVICE
12-214: CHANNELS FROM BEl TD BE2,BE3.AND BE4
21 ,23,24% CHANNELS FROM BE2 TO BE1l,8E3,AND BE4
31432,34% CHANNELS FROM BE3 TO BE1l,BEZ2,AND SE&
41=>43: CHANNELS FROM B8E4 TO B8E1,BEZ.,AND BE3
91=»94: CHANNELS BETWEEN HOST ANO BE

99: HOST CPu

100: TERMINAL TO HOST CHANNEL

101->109: TERMINALS CONNECTED TO HOST

HALFWORD SAVEVALUES
XHl: CURRENT TABLE POINTER FOR BACKEND 1 (PRIMARY BACKEND)
XH2: LAST TABLE POINTER FOR PRIMARY BACKEND '

DEFINITIONS
UPCAT1: PRIMARY UPDATE
UPDAT2: SECONDARY UPDATE
LAST: ROW OF MATRIX LAST USED IN UPCATING
CURRENT: NUMBER OF UPDATES SPOOLED TO THAT 8E
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81
®  HALFWORC MATRIX

» 1: MCGDIFICATIGN TABLE FOR PRIMARY BACKEND

[ ]

1 MATRIX MH, 200, 1

E ]

L STORAGES REPRESENT PARTITIONS IN EACH BACKEND )

*
STORAGE S1-58.2

TRMNL FVYARIABLE PH3I*8/PF1l1s1000

CHANL FVARIABLE PH3*8/PF12%1000 .

LAST VARIABLE 10+PH S

INCRE VARIABLE PHT+1

BECNL VARIAELE  10®PHS+PHLS

TYPE FUNCTION RN2,02

«80+0/71.00, 1
® 208 UPDATE

TERM FUNCTICN  RN2.08

125, 101/ .25, 102/.375+103/.5+104/.625+105/.75,106/.875,107/1.0.108
REQNC FUNCTICN  RN2,010 ’
e1091/:20+27.30+4/04045/450+77:60¢9/.70,11/.80,127.90,13/1.00,14
LNGTH FUNCTION RN2.,D02

+90,128/1 .00.256

* S0% FIT IN ONE BUFFER

HOBE FUNCTION  PH5.08 HOST TO EE CHANNELS
1e9L/2¢92/31523/4294/5:95/6496/7+97/8,98

BEDEY PUNCTICN  PHS,D38 8E TO DEVICE CHANNELS
191107202273 43370 444/5:55/76468/7,77/8,88

USREQ FUNCTION RN2.09 # OF REQUESTS BY A USER

21091/ 220437 4035/ 5047/ 460¢9/.70411/.80013/.90415/1.00,17
RNDM PFUNCTICN RN2 ,D4
«25¢1/.50¢2/.75+3/1.00e4

INITIAL XH1=-XHS, Q INITIALIZE SAVEVALUES 1-9 TO ZERQ
INITIAL XH11=-XHLE,D INITIALIZE SAVEVALUES 1l-18 TO IERO

®
GENERATE 1500¢ 509 y15+ ¢ 1S5PF415PH GENERATE 15 TRANSX, AVE 1/1.5 SEC
PRIORITY 1
ASSIGN LsFNSTERM,PH ASSIGN TERMINAL # IN PH1
ASSIGN SehePH NUMBER CF BACKENDS [N SIMULATION
ASSIGN 84 FNSUSREQ,PH STORE # DF USER'S COMMANDS IN PHS8
ASSIGN 11.:50000.,PF TRANSMISSION SPEED TO CHANNEL
ASSIGN 12,50000,PF TRANSMISSION SPEEC OF CHANNEL
ASSIGN 13¢5+ PH ADVANCE TIME FOR HINT QR BINT
ASSIGM 1495, PH ADVANCE TIME FOR MESSAGE SYSTEM
QUEUE PHl QUEUE FOR TERMINAL
SEIZE PH1 SEIZE THE TERMINAL
SAVEVALUE S+sleXH
TEST E XHS ,15,%+42 IF THIS IS THE LAST TRANSX, MARK IT
ASSIGN l4ely PF MARK AS THE LAST TRANSACTION
DEPART PHl DEPART QUEUE FOR TERMINAL

:

® MAIN LOOP FOR USER REQUESTS

]

MORE AQOVANCE 1000, 500 TIME TAKEN TQO TYPE REQUEST
ASSIGN 8=yl H DECREMENT # OF REQUESTS MADE BY USER
QUEUE 100 QUEUE HOST/TERMINAL CHANNEL
SE1ZE 100 TERMINAL-HOST CHANNEL

DEPART 100 LEAVE QUEUE HOST-TERMINAL CHANNEL



21 ADVANCE VS TRMNL LINE TRANSMISSION 82

22 ADVANCE VSCHANL CHANNEL TRANSMISSION
a3 RELEASE 100 RELEASE CHANNEL
24 QUEUE 99 QUEUE FOR CPUY
25 SEIZE 99 SEIZE HOST CPuU
28 DEPART 99
27 ASSIGN 2+FNSREQNO,PH ASSIGN # CF IC REQUESTS IN PH 2
28 ASSIGN 39 FNSLNGTHe PH LENGTH OF BUFFER TRANSMISSION
29 ASSIGA 4y FNSTYPE,PH ASSIGN UPDATE OR READ
E[] AD VANCE PH13 HINT
31 AOVANCE PH14 MESSAGE SYSTEM
32 ASSIGAN SelePH
33 TEST NE PH& 41 ,ASIGN IF UPDATE GO TO ASIGN FOR ASSIGNMENT
k|
* CHECK FOR A FREE MACHINE
®
34 LOOPA RELEASE 99 FREE HOST CPU
EL] QUEUE FNSHOBE WAIT FOR HOST=-8E CHANNEL
36 SEIZE FNSHOBE SEIZE HOST-8E CHANNEL
37 DEPART FNSHOBE
38 AD VANCE VSCHANL
39 AQYANCE 1 TIME TAKEN TC CHECX IF FREE
40 GATE SNE PHS5,BEDB G0 TO BEDB IF BE FREE .
41 RELEASE FNSHQBE RETURN CHANNEL
42 QUEUE 99
43 SEIZE 99 SEIZE HOST CPU
dde DEPART 99
45 ASSIGN S+41¢PH
46 TEST LE PHS 4P Hé, FULL SEND TO FULL IF ALL BE'S ARE BUSY
47 TRANSFER LOOPA
48 FULL ASSIGN S+ FNS RNDM, PH RANDOMLY ASSIGN BE MACHINE
49 ASIGN ADVANCE 1 ASSIGNMENT TIFE
50 RELEASE 99 RELEASE THE HOST PROCESSOR

»

BACKEND HAS BEEN SELECTED

51 QUEUE FNSHOBE
52 SEIZE FNSHORE
53 DEPART FNSHOBE
54 ADVANCE  VSCHANL
55 BEDS RELEASE  FNSHOBE
58 ADVANCE  PM13 BINT
57 QUEUE PHS QUEUE FOR BE PARTITION
58 ENTER PHS ENTER BE PARTITION
59 DEPART PHS
60 TEST E PH& 1 142
61 PRIORITY 3
62 SEIZE PHS
€3 ASSIGN T,0,PH PHT IS A COUNTER
E
* PROCESSING OF 10 REQUESTS
E ]
&4 LOOPB TEST NE  PM2,PHT,FINIC  IF I0 DONE GG TO FINIO
65 TEST NE  PHéyl,%+2
66 RELEASE  PMS
67 QUEUE FN$ 8EDEV

€8 SEIZE FNSBEDEV SEIZE BE CEVICE FOR ID



a3

69 DEPART FNSBECEY
70 ADVANCE 52 TIME FOR EACH 10
71 TEST E PH&, Lo2e 4 1S REQUEST A PRI MARY UPDATE?
72 TEST NE PEayLlyee3 HAS THIS UPDATE ALREADY BEEN SPOOLED?
13 ADVANCE 30 IF NOT, SPOOL THE UPDATE
14 ASSIGN 4y loPF MARK THE UPDATE AS SPOOLED
75 RELEASE FNSBEDEY RELEASE DEVICE
T6 TEST AE PHé4 41 g 342
77 SEIZE PHS
78 ADVANCE 1 PROCESSING TIME
79 ASSIGN T+l PH INCREMENT COUNTER
80 TRANSFER +LOCPE
-
* I0 COMPLETED
=
:
* ENTER MODIFICATION REQUESTS IN THE PFODIFICATION TABLE
t
81 FINIOQ TEST NE PH& 1 JUPOT1 IF UPDATE, GO TO UPOT1=CHANGE TABLE
82 TEST E PM&4+2 yREAD IF QUERY CNLY COMMANGC, GO TD READ
=
* RECUEST IS A SECONDARY UPDATE
k
a3 SNOUP RELEASE PHS
84 LEAVE PHS RELEASE THE BE PARTITION
as FINUP TEST & SE*PH5 .0, UPOT 2 IF BE PARTITION EMPTY GO TO UPDATES
a& TRANSFER +ENDIT ELSE END TRANSACTION
% ;
E
» RETURN INFORMATICN TO THE HOST AND TERMINALS
]

87

- 88

&g
90
21
92
93

95
96
97
98
99
100
101
102
103
104
105
106
197

108
109

" % %

READ

ADVANCE
RELEASE
LEAVE
QUEUE
SEIZE
DEPART
ADVANCE
ADVANCE
RELEASE
QUEUE
PREEMPT
OEPART
ADVANCE
RE TURN
QUEUE
PREEMFT
DEPART
ACVANCE
RETURK
TEST E
RELEASE

P13
PHS

PHS
FNSHOBE
FNSHOBE
FNSHOBE
VSCHANL
PH14
FNSHOBE
99
99,PR
99

PH13

99

100
100.,PR
100
VSTRMNL
100
PHB8,0 ,MORE
PH1

BINT

LEAVE PARTITION IN BE
WAIT FQR HOST-BE CHANNEL

MESSAGE SYSTEM

QUEUE FOR HOQST
PREEMPT HOST CPU

HINT
WAIT FOT CPU-TERMINAL CHANNEL

MORE REQUESTS BY THIS USER?
RELEASE OCCUPIED TERMINAL

IF LAST USER, BEGIN SECONDARY UPDATES

TEST €
SPLIT

PFlay le®+2
1. UPT2

IF LAST TRANSACTION SPLIT



110

111
112
113
114

115
116
117
118
119
120
121

122
123
126
125
126
127
128
129
130
131

132
133
134
133
136
137
138
139
140
141
142
143
144
145
146
147
148
149
15¢
151
152
153
154

x
=

ENDIT TERMINATE 1

ONE
SKIPL

uPT2
uPDT2

LooPC

ELSE
SKI1P2

84

AOC RECQUEST TO MODIFICATION TABLE
UPDT1 SAVEVALUE PHS+y 1, XH

MSAVEVALUE LlyXWl,1,PH2,MH STORE THE NUMBER OF ID REQUESTS

ADVANCE
TRANSFER

1
+READ

INCREMENT # CF UPDATES SPOOLED
TIME TAKEN TO WRITE TO TABLE

ROUTINE CALLED FOR SECONDARY MODIFICATION REQUESTS

SAVEVALUE
ASSIGA
ASSIGN
TEST L
ASSIGN
SAVEVALUE
ASSIGN

SENC THE

TEST LE
TEST NE
ASSIGK
TRANSFER
ASSIGN
TRANSFER
ASSIGN
ASSIGN
SPLIT
ADVANCE

QUEUE
ENTER
DEPART
SEIZE
AOVANCE
RELEASE
LEAVE
QUEUE
SEIZE
DEPART
ADVANCE
ADVANCE
RELEASE
QUEUE
ENTER
DEPART
SEIZE
ADVANCE
ASSIGN
ASSIGN
ASSIGN
ASSIGN
TRANSFER
START
NOXREF

2%+ele XH
14404 PF
5+1,PH

XH2 XH®PHSENDL T CONTINUE IF UPDATES PENDING

le XH2,PF
24l eXH
TelePH

ASSIGN UPOATE TABLE ROW # INTQ PF1l
INCREMENT UPODT LIST COUNTER

SECONCARY MOCIFICATIONS

PHTsPHEUPDT2

PHT,PHS,ELSE
15PHTPH

1 SKIP2
T+ 1o PH
+LOOPC

9, VSBECNL,.PH
T+ 1, PH
1.L00PC

2000

PHS
PHS
PHS
PHS
PHL3
PHS
PHS
PHS
PHY
PH9
VSCHANL
PH14
PHI
PH15
PH1S
PH1S
PH15
PH13
by 2ePH
T+0+PH

IF COUNTER GT # QF BE G0 TO FINUP
GO TO ELSE IF CNTR = & OF 8E
DETERMINE # OF BE TO BE UPDATED

INCREMENT COUNTER

INCREMENT COUNTER .
SEMD QUT ANOTHER UPDATE TOD NEXT BE
2000 MSEC PAUSE BETWEEN SENDING OF UPDATE

BINT

QUEUE FOR CHANNEL BETWEEN 2 BE'S
BE TD 8E CHANNEL

MESSAGE SYSTEM

BINT ON NEXT BE
CODE UPOATE AS SECONDARY
COUNTER

2y MHEPHS(PF1,1} ,PH ASSIGN INTO PH2 THE 4 OF IO REQ

SePHLS5,PH
(LOCPSB
800++400

ASSIGN PHLS INTQ PHS



BLOCK 85

NUMBER =L0C OPERATION A9B8+CoBeEsFsGoHal COMMENTS
SIMULATE
RMULT 92576
RMULT 14523

HYBRID MODEL
sx  ENTITY DEFINITIONS
- PARAMETERS

PH1l: TERMINAL ASS IGNMENT NUMBER
PF1: HALFWORD SAVEVALUE WHOSE NUMBER IS 10+PHS
PH2: NUMBER OF I/0 REGQUESTS NECESSARY FOR EACH USER RWQUEST
PH3: SIZE QF MESSAGE BUFFER
PH&6: MARKED 0 IF READ REQUEST
1 IF PRIMARY UPOATE REQUEST
2 IF SECONDARY UPDATE REQUEST
PF4: MARKED O IF UPDATE REQUEST HAS NOT BEEN SPOOLED
1 IF UPDATE REQUEST HAS BEEN SPOOLED
PHS: 1D NUMBER OF THE BACKEND MACHINE BEING USED
PH6: NUMBER OF BACKENQ MACHINES USED I[N THE STMULATION
PHT: A COUNTER
PHE: NUMBER OF REQUESTS MADE BY THE USER
PHO: CHANNEL ID USED BETWEEN TWO BACKEND MACHINES
PF11: TRANSNISSION SPEED TQ CHANNEL IN BITS/SEC
PF1Z: CHANNEL TRANSMISSION SPEED IN BRITS/SEC
PH12:s TIME USED BY HINT OR BINT
PH14: TIME USED BY THE MESSAGE SYSTEM
PH1S: [D NUMBER OF THE BE THAT THE SECCNDARY UPDATE IS SENT TO

FACILITIES

1 - 4: CPU'S OF THE FOUR BACKEND MACHINES
11¢22+33,44: CHANNELS FROM BACKENO TQ DEVICE
12=»14: CHANNELS FROM BEl TO BE2,8E3,AND BE4
21,23 ,243 CHANNELS FROM BE2 TO BE1l,BE3,AND BE4
31,322,342 CHANNELS FROM BE3 TO BELl,2€2,AND BES
4l=->43: CHANNELS FROM B8€4 TO BE1l,B8E82,AND BE3
91->94: CHANNELS BETWEEN HOST AND SE

99: HOST CPU

100: TERMINAL TO HOST CHANNEL

101=>109t TERMINALS CONNECTED TO HOST

HALFWORD SAVEVALUES
XH1->XH8: CURRENT TABLE POINTERS FOR BEl-DBES
XH11l=»XH18: LAST TABLE POINTERS FOR BE1->BEB

DEFINITIONS
UPCAT1: PRIMARY UPDATE
UPDAT2: SECONDARY UPDATE
LAST: ROW OF MATRIX LAST USED IN UPDATING
CURRENT: NUMBER OF UPODATES SPOOLED TO THAT 2E
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HALFWORD MATRIX
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MATRIX
MATRIX
MATRIX
MATRIX
MATR IX
MATRIX
MATRIX
MATRIX

@ o\ N

1: UPDATE TABLE FOR 8El
2: UPOATE TABLE FUR BEZ
3: UPDATE TABLE FOR BE3
4: UPDATE TABLE FOR BE4
S: UPDATE TABLE FOR BES
&: UPDATE TABLE FOR BES
T: UPDATE TABLE FOR BEY
8: LPDATE TABLE FOR BEB

MHs 100+ 1
MH, 100, 1
MH 410041
MH¢100.1
MH, 100, 1
MH.10041
MH4+100.1
MH, 100+ 1

13

* STORAGES REPRESENT PARTITICNS IN EACH BACKEND

]
STORAGE

TRMNL FVARIABLE
CHANL FVARIABLE
LAST VARIABLE
INCRE VARIAELE
BECNL VARIASBLE
TYPE FUNCTION
+80,0/1.00,1

®  20% UPDATE

TERM FUNCTION

S1-58,2

PH3I*8 /PF11*1000
PH3®*a /PF12%1000
10+PHS

PHT+1
10%PHS+PHLS
RNZ.,D2

RN2,08

+ 1254 101/ .25+ 102/ 37594103/ .5+ 104/ .625+4105/.75,1046/.375+107/1.0,108

REQNO FUNCTICN

RN2,010

0e1l041/02042/43C¢4/040+5/.50,7/.60:9/.T0,117.804127.50+13/1.00,14%

LNGTH FUNCTION
«90.+128/1.00,2556

RN2,02

# 90% FIT IN ONE BUFFER

HOBE FUNCTION

PHS,.08

HOST TO BE CHANNELS

1091/2:92/3:93/4494/5495/6496/7:97/8,98

BEDEV FUNCTICN

PHS ,D8

BE TO DEVICE CHANNELS

1711/2022/3+33/4e44/5:55/6+66/T+7T/8,88

USREQ FUNCTION

RN2,D9

# OF REQUESTS BY A USER

1031/ 420+37.80+5/ 5097/ 60¢97 70411/ .80,13/.90,15/1.00,17

RNDM FUNCTICN

RN2 .04

«25017.50427/.7593/1.00¢ 4

oD 0o

INITIAL XH1-XHE8,0 INITIALIZE SAVEVALUES 1-10 TO ZERQ

INITIAL XHL1=-XH18,0 INITIALIZE SAVEVALUES 11-18 TO ZERQ
-

GENERATE 1500+ 509 +15¢+15PF,15PH GENERATE 15 TRANSX. AVE 1/1.5 SEC

PRIGRITY 1

ASSIGK 1, FNSTERM,PH ASSIGN TERMINAL # IN PH1

ASSIGN GohyPH NUMBER OF BACKENDS IN SIMULATION

ASSIGN 8, FNSUSREQ. PH STORE # OF USER'S COMMANDS I[N PHE

ASSIGM 11 .50000,°PF TRANSMISSION SPEED TO CHANNEL

ASSIGN 12,50000,PF TRANSMISSION SPEED OF CHANNEL

ASSIGN 13+ 5S¢ PH ADVANCE TIME FOR HWINT QR BINT

ASSIGA l4y5e PH ADVANCE TIME FOR MESSAGE SYSTEM

QUEUE PH1 CUEUE FOR TERMINAL



11
12

13
14
15
16
17
18
19
20
2l
22
a3
24
25
26
27
28
29
30

31
32
i3
34
3s
34
37
38
39

41
42
43
44
45
48
47

48
&9
50
51
g2
53
5%
55
56
57

LB R

L N

MORE

LOOPA

FULL
ASIGN

BEDB

SEIZE
OEPART

PHl
PHL1

87
SEIZE THE TERMINAL
DEPART QUEUE FOR TERMINAL

MAIN LOCP FOR USER REQUESTS

ADVANCE
ASSIGN
QUEUE
SEIZE
OEPART
ADVANCE
ADVANCE
RELEASE
QUEUE
SEIZE
DEPART
ASSIGN
ASSIGN
ASSIGN
ADVANCE
ADVANCE
ASSIGN
TEST NE

1000, 500

8=y 1, PH

100

100

100

YSTRMNL
VSCHANL

100

99

99

99

2, FNSREQNQ, PH
3 +FNSLNGTHPH
49 FNS TYPE +PH
PH13

PH14

SelPH .
PH&s L, FULL

TIME TAKEN TC TYPE REQUEST
OECREMENT # OF REQUESTS MADE BY USER
QUEUE HOST/TERMINAL CHANNEL
TERMINAL-WOST CHANNEL

LEAVE QUEUE HOST-TERMINAL CHANNEL
LINE TRANSMISSION

CHANNEL TRANSMISSION

RELEASE CHANNEL

QUEUE FOR CPU

SEIZE HGQST CPU

ASSIGN # OF 10 REQUESTS IN PH 2
LENGTH OF BUFFER TRANSMISSION
ASSIGN UPOATE OR READ

HINT

MESSAGE SYSTEM

IF UPDATE GO TO FULL FOR ASSTGNMENT

CHECK FCR A FREE MACHINE

RELEASE
QUEUE
SEIZE
DEPART
ADVANCE
ADVANCE
GATE SNE
RELEASE
QUEUE
SEIZE
DEPART
ASSIGN
TEST LE
TRAMSFER
ASSIGN
ADVANCE
RELEASE

99

FNSHOBE
FNSHOBRE
FNSHOBE

V SCHANL

1

PHS,8EDB
FNSHDBE

99

99

99

S4+91y PH

PHS . PH6 , FULL
+LOOPA

S+ FNSRNDM, PH
1

99

FREE HOST CPU
WAIT FOR HOST-8E CHANNEL
SEIZE HOST=-B8E CHANNEL

TIME TAKEN TO CHECK [F FREE
60 TO BEDE IF BE FREE
RETURN CHANNEL

SEIZE HOST CPU

SENO TO FULL IF ALL BE'S ARE BUSY

RANDOMLY ASSIGN BE MACHINE
ASS IGNMENT TIME
RELEASE THE HCST PROCESSOR

BACKEND HAS BEEN SELECTED

QUEUE
SEIZE
DEPART
ADVANCE
RELEASE
AQVANCE
QUEUE
ENTER
DEPART
SEIZE

FNSHOBE
FNSHOBE
FNSHOBE
VSCHANL
FNSHOBE
PH13
PHS

PHS

PHS

PHS

BINT
QUEUE FOR BE PARTITIDN
ENTER 8E PARTITION

SEIZE THE BE CPVY



59
60

&1,

62
&3

ES
66
67
68
&9
T0
71
72
T3
T4
15

76
7

78
79
80
81

82
83

g5
as
87
g8
89
90
9l
92
93

]
96
97
98
99

#* % 0

% % @ LI B )

Loors

FINIQ

RECPU
FINUP

READ

PHT [S A COUNTER

IF I0 DONE GO TO FINIOQ

SEIZE BE OEVICE FQOR IQ

TIME FOR EACH IO
1S REQUEST A PRI MARY UPDATE?

HAS THIS UPDATE ALREADY BEEN SPQULED?

IF NOT, SPQOL THE UPDATE
MARK THE UPDATE AS SPOOLED
RELEASE DEVICE

SEIZE THE BE CPU
PROCESSING TIME
INCREMENT COUNTER

ENTER MODIFICATION REQUESTS IN MOD. TABLES

IF UPBATE, GO TO UPOT1-CHANGE TABLE
IF QUERY CNLY COMMAND, GQJ TO READ

REQUEST IS A SECONDARY UPDATE

RELEASE THE BE PARTITION
IF BE PARTITION EMPTY GO TO UPDATES
ELSE END TRANSACTION

RETURN INFORMATION TO THE HOST AND TERMINALS

BINT
LEAVE PARTITION IN BE
IF PARTITIONS EMPTY, SPLIT

SPLIT AND SEND 1 TO UPOT2
WAIT FOR HOQST-8E CHANNEL

MESSAGE SYSTEM

QUEUE FOR HAST
PREEMPT HOST CPU

HINT
WAIT FOT CPU-TERMINAL CHANNEL

ASSIGN T+0,4PH

PROCESSING QF 10 REQUESTS
TEST NE PH2,PHT,FINID
TEST NE PHéy 1,342
RELEASE PHS
QUEUE FNSBEDEY
SEIZE FNSBEDEV
DEPART FNSBEDEY
ADVANCE 52
TEST € PHéy Ll s34
TEST ANE PFéyl,*+3
ADVANCE 30
ASSIGN 4el.PF
RELEASE FM$BEDEY
TEST NE PHb o1 342
SEIZE PHS
AQOVANCE 1
ASSIGA T4+31l.PH
TRANSFER +LOQOPE

I0 COMPLETED
TEST NE PH& .1 ,UPOT
TEST E PH4& 4,2 JREAD
RELEASE PHS
LEAVE PHS :
TEST G S®PHS ,1,UPOT2
TRANSFER +ENDIT
ADVANCE P13
RELEASE PHS
LEAVE PHS
TEST € SEPHS (0542
SPLIT 1, UPDT2
QUEUE ENSHOBE
SEIZE ENSHQBE
DEPART FNSHOBE
ADVANCE VSCHANL
ADVANCE PH14
RELEASE FNSHOBE
QUEUE 99
PREENFT 99,PR
DEPART 99
ADVANCE PH13
RETURN 99
QUEUE 100
PREEMPT 100,PR



100
1a1
102
103
104
108

106
107
108
109
110
111
112
113
114
115
116
117
118
119
120
121
122
123
124
125
126
127
128
T 129
130
131
132

133
134
135

136
137
138
139
140
141
142
143
144

145
146

ENDIT

*u

LR B

UPDT1

EIGHT
SEVEN
SIx
FIVE
FOUR
THREE
TWO
ONE
SKIPL

UPOT2

LoorC

ELSE
sKiP2

89

DEPART 190
ADVANCE VSTRMNL
RETURN 100
TEST E PHB8 40 4 MORE MORE REQUESTS BY THIS USER?
RELEASE PH1 RELEASE OCCUPIED TERMINAL
TERMINATE 1
ADC REQUEST TO MOODIFICATION TABLE
SAVEVALUE PHS+,1,XH - INCREMENT # OF UPDATES SPOOLED
TEST NE PHS, 1,ONE DETERMINE BE YQOU ARE UPDATING ON
TEST AE PHS,2 ,TWO SO YOU CAN UPDATE APPROPRIATE TABLE.

TEST A€ PHS .3 » THREE

TEST NE PHS s &+ FOUR

TEST AE PHE.S.FIVE

TEST NE PHS 46 +SIX

TEST NE PHS .7 ,SEVEN

TEST NE PHS,8,EIGHT

MSAVEVALUE 8.,XH8,1,PH2,MH STORE THE NUMBER OF 10O REQUESTS
TRANSFER + SKIP1

MSAVEVALUE Ty XHT,1,PH2,M4 STORE THE NUMBER OF I0 REQUESTS
TRANSFER 'SKIP1

MSAVEVALUE 5.,XMHé6,1,PH2.M4 STORE THE NUMBER QF 10 REQUESTS
TRAN SFER e SKIPL

MS AVEVALUE S5,XH5,1,PH2,MM STORE THE NUMBER OF ID REQUEXTS
TRANSFER +SKIP1

MSAVEVALUE 4.XH& ,1,PH2.M4 STORE THE NUMBER QOF 10 REQUEXTS
TRANSFER vSKIP1

MSAVEVALUE 3,XW3,1,PH2,MH STORE THE NUMBER OF IO REQUESTS
TRANSFER $SKIPL

MSAVEVALUE 2, XH2:1,PH2,MH STORE THE NUMBER OF IO REQUESTS
TRANSFER +SKIP1

MSAVEVALUE 1,XHl,l1,PH2,MH STORE THE NUMBER OF I0 REQUESTS
TRANSFER » SXIP1

ADVANCE 1 TIME TAKEN TO WRITE TO TABLE
TRANSFER +READ

ROUTINE CALLED FOR SECONDARY MODIFICATION REQUESTS

TEST L XHEYSLAST ; XH¥PHS , ENOIT CONT INUE IF UPDATES PENDING
SAVEVALUE VSLASTH.1.XH UPDATE TABLE POINTER LAST
ASSIGN To LePH

SEND THE SECONDARY MODIFICAT IONS

TEST LE = PHT.PH&,FINUP IF COUNTER GT # OF BE GO TO FINUP
TEST AE PHT ,PH5, ELSE

ASSIGN 1S.PHT,,PH DETERMINE # OF BE TO BE UPODATED
TRANSFER +SKIP 2

ASSIGN T+y1,PH

TRANSFER «LOOPC

ASSIGN 9¢ VSBECNL +PH

ASSIGN T4,1s PH INCREMENT COUNTER

SPLIT 1,L00FC SEND QUT ANOTHER UPOATE TD NEXT BE
QUEUE PHS

ENTER PHS



147
143
149
150
151
152
153
154
155
156
157
158
159
1580
161
162
183
164
165
146
167
168

OEPART
SEIZE
AD VANCE
RELEASE
LEAVE
QUEUE
SEIZE
DEPART
ADVANCE
ADVANCE
RELEASE
QUEUE
ENTER
OEPART
SEIZE
ADVANCE
ASSIGM
ASSIGN
ASSIGN
ASSIGN
ASSIGN
TRANSFER

START
NOXREF
ENC

PHS . 9°
PHS

PH13 . BINT

PHS

PHS

PH9 QUEUE FOR CHANNEL BETWEEN 2 BE'S
PHY BE TO BE CHANNEL

PHY

VSCHANL

PH14 MESSAGE SYSTEM

PH9

PH15 -
PH15

PH1S

PH1S

PH13 BINT ON NEXT BE

492 ¢PH CODE UPDATE AS SECONDARY

Te 0ePH COQUNTER

Ly XH®YSLAST, PF

2+ MHE PHS (PFLl,1),PH ASSIGN INTO PH2 THE 4 OF [0 REQ
SePHLSPH ASSIGN PHLS INTO PHS

+LODPB

800.+4 400

*%s ASSEMBLY TIME = .04 MINUTES w%sa
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ABSTRACT

This report descriktes &a simulation evaluating tke
lative perforrance of five algorithrs designed to keer
dundant databases consistent. The throughput of each cf
e five algorithms 1s measured in an environment designed

saturate system resources,

The performance of the podels with different jcb mixes
d the use of additional processors tc increase throughput

considered.

Sizulation models of the fcllowing algcrithms are
esented:

1. Johnscn and Thomas model
2. Ellis model

3. Codasyl model

4. Bernstein mcdel

5. Hybrid model

The throughput of each of these mcdels is measured in
veral environements and compared to e€ach other. The
vantages and disadvantages of each &mcdel are discussed in
rms c¢f performpance, simplicity, ané -proven atility +to

intain ccnsistency.



