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Introduction

This Quarterly Technical Report , Number 3, describes aspects

of our work perfo rmed under Contrac t No. MDA9O3—78—C—0356 during

the period from 1 February 1 979 to 30 Apr il 1 979. This  r epor t

covers two independent projects encompassed by this contract:

(1) system considerations for the wideband packet satellite

channel , and (2) the design of the Voice Funnel system. These

two projects are reported in the following two sections .

I



0

Report No. 4149 Bolt Beranek and Newman Inc.

2. Wideband Packet Satellite Channel

During the prev ious tnonths , we have concentrated our ef forts

on two areas which have significant impact on the operation of

the wideband satellite network: (1) determining the ability of a

Pluribus Satellite IMP to handle a multi—megabit channel data

rate, and (2) designing an end—to—end flow control procedur e for

the network. Below , we summarize our princi pal results; complete

details will be given in a final report . During the next quarter

we plan to investigate channel congestion control and several

related issues.

2 .1  Plur ibus Throughput

The Plur ibus is configured as follows. There are four I/C

interfaces: host in , host out , satellite in , satellite out . In

order for data to be transferred between the I/O interfaces and

memory they must be serviced by a software poller. The four I/C

channels share a commo n I/O bus; each of three processor buses

is shared by two CPUs . The three processor buses and the I/O bus

contend for access to two common memory buses. The distribution

of code and data in the memory is flexible.

We have analyzed two issues in particular . The first is the

ability of the software poller to service each of the four I/O

interfaces at the rate demanded by the megabit channel. On the

basis of our resu l t s , the poller  was redesigned to p r o v i d e

— 2 - .

_ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ .-~~~
• • . , - • -.•--~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Report No. 4149 Bolt Leranek and Newman Inc.

improved performance. The second issue is the ability of the

Plur ibus to handle the processing burden placed upon it by the

wideband application. We have developed an approximate analytic

model that can be used to obtain order—of—magnitud e estimates of

Pluribus perfo rmance for a given configuration once more

information is available on PSAT code. In dealing with both

questions , we have not attempted to develop detailed analytic

models but have made reliable , albeit rough , estimates in order

to locate potential bottlenecks.

• 2.1 .1 Software Poller

If one assumes that the software poller uses a round—robin

discipline and that a processor requires 4 microseconds to

execute an instruction , then the poller as originally implernented

co~1d service each interfac e once every 528 microseconds assuming

that all interfaces had to be serviced on each round. An

interface requires servicing whenever a message boundary arrives

at the interfac e or whenever a 1024—bit buffer is filled .

Given the ab ove , we seek to d e t e r m i n e  if , in the wors t  cas e ,

the poller can keep up w i th  the data rate . The worst  case means

that  data crosses all four  i n t e r f aces  at the fu l l  channel rate ,

an assumption which may be realistic if the host is the Voice

Funnel . In this worst case , we calculate that each interface

requires polling k/1024 + 1 times per message , where k is the

message length. If one assumes that the messages are 6000 tits

__ _ _. .
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long, then one needs to p011 each interface an average of once

every 600 microseconds at 1 .5 l~bps and once every 300

microseconds at 3 Mbps. Thus , under its or iginal implementat ion ,

the poller was inadequate at 3 Mbps .

Partly as a result of this analys is , the poller was

redesigned so as to require 458 microseconds to service all four

interfaces . This is still not adequate for the 3 Mbps case if

only one processor is dedicated to polling . If two processors

are d ed icate d to polling, then in the wors t  case , tiiey can

serv ice each interface every 240 microseconds. S~hile this shoul d

prov ide adequate performance at 3 Mbps , the irLpact of reduc ing

the number of processors available to the rest of the system is

not clear at present .

2 . 1 . 2  P lu r ibus  Process ing

All Plur ibus conf igurat ions exam ined shar e the follow ing

features . There are four I/O channels , each of which operates at

1.5 (or 3) 14bps and attempts to access common memory one 16—bit

word at a time . There are 3 pairs of CPUs similarly attempting

to access commo n memory . The two cr itical areas o±~ content ion

are the ability of the processor bus to service both CPUs and of

the memory bus to serv ice the processor and I/O buses.

It is assum ed that all processor bus accesses to common

memory ar e reads , wh ile all I/O accesses consist of reads and

— 4 —
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wr ites in equal proportions . It is further assumed that half of

all accesses to common memory are to the extended portion of the

bus . These assumpt ions , together w i th the Plur ibus memory access

parameters , imply that the total time to service an I/O access is

760 nanoseconds , wh ile the averag e t ime to serv ice a processor

access is 910 nanoseconds. These numbers indicate the amount of

time the memory bus is tied up by a given access. The accessing

(processcr or I/ o) bus sees a longer service time , caused by a

1 .2 m icrosecond bus coupler delay .

Add itional assumptions are as follows. We assume that 25%

o±~ all memory references from the processors are to common

memory . In addition , although one or two of the p rocessors may

be dedicated to polling the I/O interfaces and will therefore

access common memory less frequently than the other processors ,

this is ignored . That is , it is assumed that all processors are

• behav ing similarly and would like to access common memory with

equal frequency . Finally , four I/O channels are treated as a

single simplex line access ing common memory at four t imes the

satellite channel bandw id th.

We seek to answer the following question: for a given

satellite channel bandw id th , what is the max imum number of

references that each processor can make to common and local

memory . Th is problem is answered for two separate configurations

of the Pluribus. In the first configuration , code and data are

I.
— 5 —
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accesse d from the same memory bus. In the second configuration ,

they are accessed from different buses.

In the case ~:nere code and data are accessed from tne same

memory bus , content ion for the common memory is modeled as an

M/G/ 1 queue with four sources. Thi3 calculation yields the

system response t ime f o r  processor  accesses to common memory  as a

func ti on o ±~ memory bus utilization. Using this response time

value , we comput e processor bus utilization assuming that

processor acces ses to common memory see an addi t ional 1 .2

m icros econd processor  de lay an d that th e r e  are  t h r e e ti mes as

many processor acc esses to local memory as t h e r e  are  t o co m mon

memcry .

The follow ing chart summar izes the results.

satellite channel utilization of accesses/processor ! p—bus
bandwidth m—bus sec~ nd utilization
(1.1bps) (xlO )

1.5 .5 158 .41

1.5 .7 304 .64

1.5 .8 377 >1

3 .7 95 .26

3 .9 229 .7

• The above case assumes that code and data are accessed from

the same bus . We have also examined the configuration in which

all of the code is accessed from one memory bus while all of the

— 6 —
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dat a is accesse d from the se cond bus , so that the I/C and

processor buses no longer contend . The results (which are

independent of data rate) are summarized below :

rn—bus total processor p—bus
ut iliza tion acces se~ /sec utilization

(x 1 O~ )

.6 440 > 1

.5 366 .93

Finally , although this was ignore d fo r t ne  purpose s of the

above com putat ions , a 3— 11bps channel bandwidth implies that a

s ingle I/c bus cannot hand le all four int erfaces if one assumes

that the I/O bus must see the 1 .2 microsecond bus cou~~ er delay .

The above tab les shoul d be interpre ted as follows.  For a

gi ven memory bus utilizat ion , we have computed the to ta l  number

of processor  ac cesses to  local and common memory  pe r second , and

the corres pond ing proces sor bus ut iliza tion. The po int at wh ich

the utilization of either the processor bus or the meocry bus

equals 1 ind icates an upper limit to the tot al number of memory

accesses for the given configuration.

We must emphasize again that the above calculations are

intended only to indi cate the metho dology and to p rov id e

order—of—magn itude perfo rmanc e estimates. Because we have

ignored the effe c ts of content ion for the local bus , the

calculations may be optimistic. On the other hand , the above

numerical results are based upo n some specific assumptions about

4 
- 7 —
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the PSAT code. More realistic performance estimates can be

obtained only after information about the actual code is

available. (For example , we do not know how many memory

accesses the processors will seek to perform for a given channel

data rate , and we have assumed that the I/O channels and

• processors funct ion more or less independently.) When more

complete informat ion is ava ilab le , the mo del can be used for a

rough determ ination of sat isfactory Plur ibus configurations .

£~ore accurate performanc e estimates w ill probab ly requi re

s imulat ions .

2.2 End—to—End Flow Control

The end—to—end flow control procedure we have developed is

intended to control the rate at which traffic is input from all

sources so as to prevent the occurrence of steady—state overload s

at any part icular dest inat ion. In this context , steady state

means that the procedure is not designed to prevent short—term

over loads resulting from temporary surges in traffic.

Without end—to—end flow control , t h e r e  is noth ing to sto p

some source (or some combination of sources) from send ing data to

• a destination port at a rate w h i c h  exceeds the rate at wh ich the

destination host can remove the data from the netwo rk . This

situation does not benefit the sources in any way ; they cannot

get better delay or throughput than if they were sendi ng at a

slower rate wh ich did not overload the destination. Although

- 8 -
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allowing overload has no salutary effect , it does , however , have

several negat ive ef fects wh ich can cause ser ious d egradat ions of

network performance. One such effect has to do w ith the

ut ilization of the satellite channel bandwidth. To say that some

set of sources could transmit at a slower rate without increasing

delay or re duc ing throughput is to say that they could leave more

channel bandw idth for other traff ic flows , which may be very

important if the channel is heavily utilized. To put the po int

another way , if a set of sources is overload ing a destination ,

they are simply wast ing valuable bandw id th on the satellite

channel.

Overload ing a dest inat ion port can also interfere w ith the

flow of traffic to other ports at the same PSAT node.

Overloading a port will cause a large queue (of potent ially
• unbounded length) to form . This will cause fewe r buffers to be

available to other ports , poss ibly reduc ing the ir throughput and

increas ing the ir delay , w ithout any counterva iling advant ages to

the destination port . Furthermore , it is possible that some o±~

the packets in these large queues w ill have to be d iscar ded

before delivery to the host. This can happen if a buffer needs

to be pre—empted (for a higher priority packet , say), or if the

packet is queued so long that it times out (every packet in the

network w ill have a “max imum holding t ime” , after wh ich it w ill

be discarded.) If a packet must be discarded at the destination

PSAT , then its use of resources at the destination PSAT , the

— 9 —
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source PSAT , and the satellite channel have all beer. wasted. In

summary , end—to—end flow control is essent ial for the efficient

use of network resources , at all po ints in the network .

The requirements associated with the wideband network impose

three restr ictions upon end—to—end flow control. First ,

resources should not be allocated to traffic of a lower priority

while traffic of a higher priority is being throttled . Second ,

destinat ion resources should be fairly divided among all sources

w ishing to send data at a particular pr ior ity level. Also , use

of network resources should be maximized. These criteria imply a

scheme in wh ich destination resources are dynamically allocated

among send ing ports and pr iority levels .

The flow control proce dure that we propose is a di str ibuted ,

rate—controlled procedure which exploits the broad cast natur e of

the network. The PSAT associated with a particular destination

port info rms all other PSATs (via piggybacking on data traffic or

by a separate control packet) of the max imum rate that data can

be sent to all hosts that are accessed by the ne two rk through

that port. Each PSAT mon itors all traffic in the downi ink and

therefore knows the rate at which data is actually being sent to

that dest ination port at each priority level. With these

quant it ies , each PSAT can then comput e the unused bandwidth at

each destination. From this information , each PSAT makes stream

setup decis ions and determines the rate at which datagrams at

L -
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eac h p r i o r i t y  level w i l l  be accep ted  f r o m  each of i t s  source

por t s  f o r  each d e s t i n a t i o n  por t . Th i s  assigned ra te is equal t o

the sum of the rate at wh ich each source ha~ been sending to the

destination plus a fraction of the available bandwidth at the

destination. The various aspects of the flow control procedure

are presented  in more  de ta i l  in the  fo l l owing  pa ragraphs .

Output Capacity : The output capacity of a destination port j ,

is a measure o± the maximum rate at wh ich data can be sent

out that port . This rate will vary with the condition of the

access l ine and the s tatus  of the  d e s t i n a t i o n  hos t .  The p o r t ’ s

associated PSAT must  t h e r e f o r e  pe r iod ica l ly  measure  the  ou tput

capac ity and communicate the results to all other PSATs. The

measurement of output capacity can be performed as follows .

Assume that PSAT A had announced at time t’ that its destination

por t i coul d rece ive data at max imum rate C
3
. PSAT A keeps

coun ters which indicate the amount of data accepted since t’ and

the amount of time since t’ during which all of the following

cond itions held: (a) the line which accessed A through port i

was idle , (b) no data was queued , (c) the line was not blocked by

some other protocol and (d) a buffer was available for sending

data out that line . Thus , this counter indicates the amount of

time the line was not utilized . If the utilization is low , but

the send ing rate is high relative to C~~, then we conclude that C~
is too low . If the utilization is high but the send ing rate is

low compared to the ostensible maximum C3 , then C~ is too high .

I
— 1 1 —
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In ei ther case , C , is changed accord ingly ,  t he update d val~~ is

commun icated to the network and all counters are cleared .

~.easure ment Per iods: W e define a un~.t of t ime (possibly

different for each destination port) called a measurement period .

~ach PSAT mon itors the traffic in the downlink and maintains

tables indicating the total amount of data sent at each priority

level to each destination port since the beginning of ‘the current

measurement per iod . These tables are kept for every priority

level in such a way that the traff ic volume com puted for a

part icular destination and priority level is the  sum of the

traffic actually sent to the destination at that priorit y level

and at all higher priority levels. Tince these tables are ured

as the bas is of throttling d ec i s ions , th is p rocedure ~uarar.tees

that lower priority traffic flows cannot result in the throttling

of higher priority traffic because the lower priority traffic is

invisible to all higher pr iority levels .

At the end of every measur ement per iod , say at t ime t. , eac h

PSAT knows the follow ing quantities:

Sjk(t l ) is the bandwidth utilized by all streams to

dest ination port j  of prio rity class k or

higher at t ime t 1

D 4k (t l ) is the average bandw idth utilized by

datagrams to dest ination port j  of priority

— 12 —
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class k or h igher over tr.e last measurement

period.

is the average bandwidth utilized in the last

measurement per iod by datagrams from i to j

of pr iority class k or higher.

Using these tables , the flow of traffic is controlled in the

mann er described below .

~tream Setup: Suppose that a request is made for a stream of

priority k from port i (associated with PSAT A) to port j

(associated with PSAT F). The request is mad e in the fo rm of a

datagram specifying priority, stream interval , and other relevant

information. All PSATs hear the request and all decide whether

• to accept the call as follows . Suppose the call is requested at

time t2 dur ing a measurement per iod whose boun da r ies occur at t 1

and t3. We calculate whether or not we have enough bandwidth to

handle the stream by subtracting from the destinat ion ’s capac ity

the bandw id th used by existing streams to j  and the average

bandwidth utilized by datagrams to j over the last measurement

period . Thus , the available bandwidth for streams of priority k

is given by:

A 5
jk (t 3 ) = C~~( t 3

) — Sjk(t3) — D jk ( t 3 )

— 13 —
4 .
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If this quantity is greater than the minimum required by the

reques ted stream , then the setup is accepte d .

Datagrams: At the beginning of a measurement per iod each PEAT

must determine the maximum rate at which its source ports will be

allowed to input  t r a f f i c  to each d e s t i n a t i o n  d u r i n g  the next

measurement  per iod . This  is done in the f o l l o w i n g  manner .

First , the unused band width at the destination is determined by

subtrac t ing from the capacity, C~~, the bandwidth used by existine

s t reams , Sj k~ and the  average b a n d w i d t h  used by datagram s over

the p rev ious  measurement  per iod , D j k .  A fract ion , ~~~ of th is

bandwidth is available for datagrams . The reason that we do not

assign the entire unused capacity to datagrams is that this might

result in unacceptably long queues. We therefo re have for the

available bandwidth for datagrams of priority k from source port

• i to destination port j :

A djk = b~~( C~~( t 1 ) - Sjk(t1 ) )  - Djk(tl )

Each source PSAT can then  d e t e r mi n e  the maximum ra te  at which  it

wi l l  accept datagrams of p r i o r i t y  k f rom port  i f o r  po rt j. Th is

rate is equal to the  ra te  at which  i sent datagrams of priority k

to j dur ing the last measurement period plus a fract ion , ~~~ of

the unused bandwidth at j fo r  datagrams of p r i o r i t y  k .  Thus the
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max imum rate at which i will be allowed to send to j at priority

k is g iven  by:

~1d i jk (t l ) = d i j k (t l ) + f*A d (t)

It should be noted that this scheme utilizes a feedback

mechan ism to prevent overloads. Each PSAT is appropriating

bandw idth for its sources without any knowledge of what the

demand for dest ination resources will be for the next measurement

per iod. As the total utilization of destination resources

approaches the capacity, the total availab le bandw id th compu ted

by each PSAT w ill decrease and therefore the additional bandwidth

being appropr iated by each PSAT for its source ports will

decrease. Should overload s occur , th is will be detected at the

end of the next measurement period as a negative available

bandwidth. In this case , the new max imum sending rate will be

less than the prev ious maximum . The sending rates will be

cont inually throttled until the overload disappears .

Fairness: Should all of the resources at the dest ination j be

• occupied by existing traffic , then there will be no available

bandwidth for additional datagrams . Hence , a host wishing to

initiate traffic to that destination will not be able to do so.

Our f a i rness  c r i t e r i o n  is thereby  v io la ted . In o rde r  to remedy

•0 — 15 —
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t h i s  s i t u a t i o n , we implement  the  follow ing scheme . Every n

measurement periods we examine the unused bandwidth at each

priority level available for datagrams . If this number is less

than some spec ified value , each PSAT recomputes the maximum

sendin g rate for each of its source ports at the particular

pr iority level according to:

I. ij k
(t

l ) = Fj*(d;jjk(tl ) + f*A
d (t ))

Th e effect of th is computation is to throttle all sources by an

amount wh ich is proportional to their send ing rate over the last

measurement period and to evenly divide the unused bandwidth

among all sources. The dest ination resources w ill therefore be

more fairly allocated.

No te that the same sort of “unfair ” situat ion m ight ex ist

with respect to streams . That is , exist ing streams m ight be

using so much bandwidth that no new streams can be initiated .

• however , unlike the case with datagram , it is not feasible to

reduc e the bandwidth used by an existing stream in order to make

room for new streams . A stream user is supposed to have

guaranteed bandw idth , once his stream is initiated. This means

tha t  it is i n a p p ro p r i a t e to reduce  a s t r e a m ’ s b a n d w i d t h  f o r

reasons of f a i r n e s s .  If fa i r n e s s  among contend i ng s t ream users

is a problem , the most sens ible procedure would be to set a

— 16 —
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maximum durat ion for each stream . Then , under per iods of high

ut ilization , the network would be permitted to delete streams of

a certain age, if the bandw id th they are using is needed

elsewhere. There are no techn ical problems with this procedure;

whethe r to implement it or not is a policy decision.

Local Traffic: Accor di ng to the above , each PSAT mon itors the

traffic going to all dest ination ports wit h whom their hosts are

commun icating in order to determine at what rate they may accept

data for a particular destination. The accuracy of this

informat ion arises from the broadcast nature of the network ,

i.e., each PSAT hears all datagram s in the downlink . This scheme

is undermined if there exists a substantial volume of traffic

which is not sent via the satellite link . Such traffic is termed

local and consists of data between two hosts connected to the

same PSAT . So that all PSATs can accurately determine the

available bandwidth at each destination , the destination PSAT

must periodically communicate via the satellite link the volume

of its local traffic.

Stream Preemption: The stream set—up procedure d iscussed above

determ ines whether or not there is sufficient bandwidth for a

datagram based upon the number of existing streams and the

average datagram flow over some per iod in the past . There exists

the possibility that a stream will be set up only to be followed

by an increase in datagram traffic at a higher priority level.

— 17 —
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Since streams will probably be assoc iated with ongo ing vo ice

conversat ions , one does not want to preem pt streams fr ivolously ,

i.e., in response to short—te rm surges in higher priority

datagrams . To avoid this prob lem , the dest inat ion PSAT w ill have

the option of preempt ing ind iv idual stream packets in order to

serv ice an increase in higher priority datagram traffic. If the

rate of packet preemption exceeds some threshold the stream will

be deleted.

Datagram Source Throttl ing: At the beg inning of a measurement

period a source port will have assigned to it a max imum sending

rate for each pr iority level . These rates , or “quotas ” , w ill be

str ictly decreasing with priority. The PSAT makes its throttling

dec isions as follows. For each source—destination pair , the PSAT

maintains four counters , one for each pr ior ity level. Each time

a datagram arrives from the source for the destination , the

counter correspond ing to that priority level and all lowe r levels

is incremented . The “quotas” specify data units per time unit.

At the beginning of the time unit all counters are zeroed . When

the counter at each level reaches the spec ified quota, no more

• packets of that level are accepted for the duration of that time

• unit.

— 1 8 —

L ~~~~~~~~~~~ 
_ _  -___ “— ‘5  —- .- — ~~~~~~~~~~ —‘5 ‘5—-- ‘5— -



— ---
‘- - --— - ---~~~ ~~~~-• --‘5 - - •  - 

~~~~ -~~~~
tm_
~~

T’5’5 
~
——-

Report No . 4149 Bolt Beranek and Newman Inc.

3. C•verview of Voice Funnel Design

Th is section presents our current thinking on the design of

a Voice Funnel System . Dur ing this quarter we have reviewed and

updated our earlier ideas concerning the design of the Butterfly

Switch and we have carr ied the switch d esign to a finer level of

detail. We have also begun the design of the processor node and

have performe d the top level d esign and analys is of the

application software and the operat ing system. Naturally , at

th is st age not all areas of the des ign are equally det ailed , and

we expec t to modify the design somewhat as our work progresses.

Neverthel ess, we believe that we have cons id ered all major areas

of the system at least at a high level and that we have a

coherent overal l design.

Ant icipating that both the Vo ice Funnel and the Butterfly

~‘iultiprocessor will be successful , mak ing eventual enhancement of

both a likely possibil ity, we have been careful to include in our

des ign the potential for expansion upon our early work. Thus in

many cases we suggest software features wh ich may not b e includ ed

in the initial version. While we do not expect to be able to do

all of the things ment ioned here , we are confid ent that we can

produc e a very useful and interesting initial system. Look ing

beyond the initial system , we feel that it is important to

descr ibe more than we m ight implement initially , because this

will provide others with an early indication of our thinking and

— 1 9 —
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w ill increase our own assurance that  our de sign is sufficiently

ro bust to pe rm i t ext ens ion .

3.1 Voice Funnel Software F

The task of the Vo ice F•unnel  w ill be to in ter face to a large

number of speech term inals which generate I N T E R N E T  packets. It

‘ w ill mul t iplex the ir data s t reams into a wid eban d satell it e

channel and demult iplex these streams fo r  deliv er y to spe ech

terminals at other sites . The initial Voice Funnel will support

1 .5 Nbps of total traffic , although it is expandable to p e r m i t

operation at higher speeds later. Since the interfac e to the

Vo ice Funnel is INTERNET pack ets , any ho st generating I N T E R N E T

packets may be connected to the Voice Funnel. The V o i c e  Funne l

is particularly well suited to hosts which generate traffic in

the form of streams .

The functions of the Voice Funnel divide into two

categor ies , main li ne tasks and backgroun d t asks . R ai n l ine

tasks involve the actual han d ling of spee ch packets , and mus t  be

pe r fo rme d quickly enough so that the tot al delay of a spee ch

packet in the Voice Funnel is kept sufficiently small (about 50

msecs). Backgroun d tasks are not directly involved with the

t ransm iss ion of indiv idual packets ;  as a resul t , there is no firm

latency requirement .

— 20 —
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Speech data is received by the voice Funnel as INTER~ ET

packets , ~hich includ e NVCP (or NVP— II) packets with in them.

Each such packe t includes digitized speech in the  form of a small

number of parcels or a stream of bits. In order to interfac e

simple en’oders which transmit only parcels o~ b it s t reams, a

Vo ice Funnel opt io n woul d be ab le to conve r t  b etw een simple

sp eech data s t r eams an d I N TERNET packe t s .

The Vo ice Funnel can be v iewe d as a n e t w o r k , with a central

ne twork sw itch in the Vo ice Funnel and ne twork  host s im p leme nted

both wi th in the Vo ice Funn el so f twar e an d by external devices.

Ex tern al hosts inclu de speech term inals; i n ternal  hos ts inclu de a

gate~ ay to the FFATNET and the hosts which interface to s i m p l e

e.~co de r s . T he us e of t he n etwork  str u c t u r e  al lows imple m ent at ion

of f u n c t ion al mo dules as hos ts  wh ich may be attached to or

remove d f r om  the ne twork  as des ire d .

The ma in l ine funct ions of the  Vo ice Funnel wi ll be

perform ed by a group of modules which will accept packets from

speech t e r m inals , aggre gate  th em f o r  tr ansm iss io n over  th e

PSAT N ET (a wideband satellite network), segregat e them at the

ot her en d , and deliver them to their respective destination

speech term inals. Eventually the Voice Funnel will support

speech t e rm inals wh ich ar e connecte d di r ec t l y ,  through a local

net , or over a ne twork  o±~ Vo ice Funnel s or o ther  ma ch ines , and

wh ich t ransm it packets , parc els , bytes , or a continuous bit

— 21 —

________ _____________________________________ • ________ ~~~~~~~~~



- - ‘5~~~ ”’””—’- ,_.-l,___,_ --
- ~~---~ ----- --‘-~~~~~- -- --~~ -

h~~~c r t  ~.o. —i- 1~~9 Folt ~~~r aLL-J : ar.n ..CAU ~~!~ r.c.

stream . ~‘,here needec , device— oepender:t :ole~, 1ili ccr.ve:t

L e t w e e r i  t oe format used at the interface i .~~~t~~ R ’ acket~~.

~‘ther modules ‘~ill take packets destined for tn~ ~ut~~~i i t~
channel ano merge t h e m  in stages into a l~ r~ e r : a ~~~ Uoi:er.

rinally , a satellite network header will be attacneo a.~ a pr efi x

and the buffer will be transmitted.

Incom ing me ssa~ es will be broke n up in t o  i ivi~ ual i , E

paoket~~, and the packets will be pa~ seu to a c i u l e n  :~ano.lin ,

i n d i v i d u a l  speech  t e r m i n a l s  or e nc o d e r s .  ~.he re r :eedei  th e se

modules will perform speech reconstitution , a procedure by .r~icL

the speech in the incoming packets ~ill he restored to

or 1~~ina1 o r d e r , m i s s i ng  speech  w i l l  be r e s l c ce d  h~ S i e r c e  cr  oy

extrapolated sound s, and the resultin~ sj:eec}: tra -~ict~ c

regc ar intervals to restore smooth speech. Ct~~er  m c d o ec - i ll

c~ erate in tcc background . Eackground tasks hill include call

ar .o c o n f e r e n c e  est abl ishmen t an d con trol , and acocunt irid .

~n external controller may be provided outllce the Voice

R un n el in or d er to prov id e con trol ~uncticns such as call

placement , conferenc e chairing , and accounting . in . t~* absence

cf the external controller , an in te rna l  d e f a ul t c c r t r l lier w i l l

p rov ide simple  v ers ions of these  f u n c t io n s . b se of a l t e r n a t e

controllers will be simple since the controllers are imp lem ent ed

as hos ts  on t~ e network.
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The  goals of low aelay ar.a h i g h L an u~.iutf. nave in±l’ier;ceu

muc h of the  des i 6r. of t h e  a p p l i c a ti o n  s o f t w a r e .  ‘h ~ V o i c e  l lr ine l

~..i lI  employ several  t e c h n i q u es  fc r  a ch i ev i ng  n i c h b a n i w  i i t ’~ in

th e  V o i c e  Funne l  and over  the s a t e l l i t e  ir~ar t n e l , i n c l u d i n g :

m u l t i p l e x i n g  messages  on s t r eam t r a s f i c ;  m i n i m i z i n g  c o p y i n g  c-:

da t a  and u s i n g  the b lock  t r a ns f e r mode of t h e  sc i t c h  i n te r f a ce

w h e n  a p p r o p r i a t e ;  and i n c r e a s i n g  parallelism by u s i ng  many s m a l l

p rocesses  r a t h e r  than  a few large  p roces ses .

5 .2  B u t t e r f l y  F w i t c h

The V o i c e  Funne l  d y s t e m  w i l l  be im p leme n t e d  on a ne~ iy

ces ig n ed  m a c h i n e , the  “ B ut t e r f l y  Rultiprccesscr ” . This machine

wi l l  cons i s t  of f r o m  one to severa l  su n d r e d  t r o c e ssi ng  u n i t s

called “ p rocessor  nodes ” w h i c h  w i l l  be in t e r c c rn e c t e d  by a sw i t c h

called the  “ b u t t er f l y  ~w i t c h ” .

The c ut t e rf l y  S w i te n  is a n e t w o r k  of e l em e n t s , c a l led

“ s w i t c h  nodes ” , w h i c h  rou te  messages b e t w e e n  p r o c es s o r s  and

remote  m e m o r i e s .  All  of the  s w i t c h  nodes  in a b u t t e r f l y  s wi t c h

are  i d e n t i c a l . Each node  rou te s  messages  ~h i ct .  a r i • e a r  on i t s

input  p o r t s  to one of ’ several  out put port s on the  b a s i s  of

address  b i t s  at the  beg i n n i n g  of to e  message . The r o u t e  a

message take s t h r o u g h  the  s w i t c h  is d e t e r m i n e d  b y th e

i n t e r c o n n e c t i o n  p a t t e r n  of t h e  s w i t c h  n o d e s .
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~ prelim inary aescri~ tion of the Lutt~ rfly Lwi tcr , sac

Iresented previous ly .* Efforts to furtoer re :in~ toe d~~a i ~~S ~ f

tne switch and understand its perfo rmance have led to  aeveral

important improvements. Th e  ± o l l o w i n g  p o i n t s  s u m m a r i z e  t ses~

desi gn ref in e m e n t s :

— ‘he number  of in puts an d ou tpu t s  on  on e sw it c h n ode has
been inc reased  f r o m  two to  f o u r , si g n i f i c a n t l y  r e d u c i r u ~the number of s w i t c h  nodes in a b u t t e r f l y  T w i t c h .

— The da ta  pa ths  t h r o u g h  the  s w it c r .  a r e  l o u r  b i t s  w i d e  to
inc rease  the b a n d w i d t h  of the  s w i t ch  an d r e d u c e  t h e  de Ia~e x p e r i e n c e d  by a message as i t  t r a v e l s  t h r o u g h th e  s w i t c h .

— The “ r e t r e a t ”  s t r a t e g y , r a t h e r  th an  t u e  “ w a i t ” st r a t eg~w i l l  be a p p l i e d  wh e n  c o n f l i c t s  occu r  in  the e w i t c r .

— Each messag e w i l l  c a r r y  a checksum w h i c h  c a r .  set e c t  er r o r s
in.  the  data or routin e of the message.

— An ex t r a  column w i l l  be added  to  l ar L e  s w i t c h e s  in o r d e r
to m i n i m i z e  the  e f f e c t  of a f a i l u r e  in a s w i t c h  n o d e .

I n c r e a s i ng  the  n u m b e r  of i n p u t  and o u tp u t  p o r t s  on a sw i t c h

node f r o m  tw o to fou r  reduces  t he  n u m b e r  of sw i t c h  nodes  by a

f a c t o r  of four . ~e use the  t e r m “base ” to aenc te  the  n u m b e r  of

input or output ports on a switch node. The table below g i v e s

th e  n u m b e r  ci nodes  r e q u i r e d  to imp lement switches with base— 4

and sase—2 nodes .

* R. I. settber~ and N . F. Kraley , “Introduction to tue Voice
;ur. r~~l •ystem ” , Lc lt beranek and Newman Inc., Repor t No. 3990,
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Number of Iwitch Lcdes

Ports Base—4 Ease—I

4 1 4
F 1 0  8 32

64 48 192
256 256 1024

~ase—4 nodes also reduc e the namber of ’ co lumns  in  a sw i t c h

and thus  t h e  delay t h roug h t h e  s w i t c h  and toe l i k e l i h o o d  o±~

c o nt e n t i o n .  The p r i m a r y  d i sadvan tage  of ba se—4 s w i t c h e s  is t h a t

-they grow less grace fu l ly  than  base— 2 s w i t cse s .  Each base— I

switch has twice as many ports as the  next  smal le r  s ize  s w i t c h

while each base—4 switch has four times as many ports as the r.ext

smaller switch. This makes it harder to match t h e  desired number

cf ~crts to the size cf the switch.

~e have discovered that the simple “wait” strategy for

resolving ccnflicts is prone to deadlocks. - Tubstituting the

“retreat” strategy eliminates the deadlock and permits a sw i t c h

in te r f ac e des ign wh ich has no known dead locks .

Two mechan isms will make the switch more robust in the event

cf swi tch node fa ilures:  checksum s and ex t ra colum ns .  bac h

message w ill carry a 4—bit checksum to help detect errors in its

data , and the destination processor node address will be included

in the checksum to detect errors in message routing .

A Bu tt e r f ly  Sw i tch is pa rt icular ly vulnerable to the failure

of a switch node which is on the interior of the switch since

— 25 —
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such a failure may isolate many proc essor noses. Ar. extra csl•wu r.

• cf switch nodes prcvi oe s as extra pats to re s~ ,. tcr .

may be used to route messa~es arouna t h e  ~au I t~, s..~~tcu S oc .

~ince a lo infut pcrt switch has cra y t w o  C O I S t L O S , t : , e r ’~ art- s •

“ i n t e r i or ” c o lu mn s , and a d d i n g  an extra cclut ; , r. w c u l i  r. ot  make

sense. .-~s a result , extra columns will be addea only to la r ~~er

switches.

Iimulaticns o± the Butterfly Switch have 506 b ee r s  p e r f o rm ed

w o i c h  show t h a t  the  e f f e c t  of r e f e r e n c e s  to g l ob a l  m e m o r y  b e c o m e s

i m p o r t a n t  as t h e  number  of global m e m o r y  r e f e r e n ce s  a p p r o a c h e s  55~
of’ t h e  total . The  e x p e c t e d  global  m e m o r y  r e f e r e n c e  r a t e  fc  r t h e

V o i c e  lun n e l  is u n k n o w n  at t h i s  t i m e .  h o w e v e r , by e x e c u I i n ~
instructio ns from local memory and requirin~ tsat the stack nr~

private variables also be local , we ws ll he oh i. - t~ r e s u c e  t u e

g lobal reference rate significantly below wuat i t  w ou ld  ~e ii

ignored locality entirely.

ifl order to calibrate the effect of the utterfly de~ ign

upon  t r~e sw itch , we also sirnulatea a crossbar swit ~ L having t :e

same data path width. Interestingly , the simulations also soc- a

that the performance of a Butterfly Twitch does not d i ft ’er

grea tly f r o m  t hat of a c rossbar  sw it ch of eq ual path ‘n i d t r ..

An NIl implementation cf the switch node Las been d e s i c n e c

wh ich requires between 40 and 60 NSI TTL packages. .e e x p e c t

that this desi gn will yield a switch with a 4~ ~IL~~s pct ~~r .t L a l

— 2 6 — 
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. rat~ Let~ eer~ any pair of isput ass out p ut port.~. i cr ~ , a l

m u c h  io-~.~ O L O s  tn~ prot ~type Voice i u n n ~~ls , a ~‘w itch r,ooe

tsi5 ccmple xi t~ cc~ 1d be impl enent-~u or . a nooer~ t~~ y s~~~~l

prir .teu circuit cara . large m a c h i n e  .-~i t h , say , 2~~c ~ r o c e s sor

n o se s  w o u l o  h ave  25c sw i t c h  n odes , m ak i n g  an INI implem ~ r .taticr .

of tne switcn n o d e  more attractive .

t o  r.~ w , we save assumed t h a t  resue.~t aessaces ani reply

mesbage.. w o u lu t r av el t hroug h the switc h inue~~ sder t l y. As or.

alternat ive , we m ight desi~ n the switc h so t,uat toe pats :rom tne

scu rc e to tue  d e s t i n a t i o n  w o u l d  ‘cc held after toe recuest messu~ e

has b e e n  sent so t h a t  a rep ly  co- s ic  b e r e t u r se a  c v er  t u e  same-

p a t h .  - :sis ap~~roac h cc old have s e v e r a l  a~ v a i . tage~~:

— t:ue ~curce processor nose ‘osdress reed n c t  r e  5€ut ,
s h o r t e n i n g  the  r e~j ues t  m e s s a g e ;

— the reply messace would not s s f r e r  c o n t e n t i o n  e i t o e r
within the switch or at the source proces sor ncce;

— tr.e “wait” strategy would be free :“rori. seadiccks ass cc~ id
‘be emp loyed  if desired .

The “b idirectional” switch is rncre comp licated thar. a

“unidirectional” switch and may run slower. h o l d i r .~ t h e  p a t s  for

toe reply would cause some switch paths to be occupied while no

aata was being sent . This woul d increase the number of c o nf l i c ts

in the switch. The balance between these advantages anu

disadvantages is unknown at this time .
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.3 Processor j OUC

Prcce ssirr~ in the Butterfly ru ltip roce ssor wi ll be perfo r-Les

h ,~ m OdUleS called “ p r o c e s s o r  nodes ” . A p r o c e s s o r  noce w i l l

consist of a processor , I~~C a ev ices , mem ory , anu an interface to

tue lutterfly Iwitch. The current desi gn p ermits butterf’l~

:.ult iprocesscrs which contain up to several hundred processor

r ’. cces .

The processor used jr. the processor node will he Tilog ’ s

Th0~~~~d .  The ThC-00 is a hi ghly integrated m icrc p roc~ sscr a s i - c h

re preser :ts tue stat~ of th e a r t  in c o m m e r c ial m ic r o p rocesso r

sesi n . . everal characteristics make t u e  b000 particularly

attract ove:

— t u e  “ se g m er ,t e s ” version supports 25—bit virtua l addresses ;

— a c orupat i~ Ic mem ory management ~.r. it has been announces;
5 no

— cue I-sIlo is a reasonably fu~ t 1w—bit processor.

he ability c~ the 0000 to support a virtual address space

of’ ~reater tuan 16 bits is particularly important , since a

multiprocessor is cf-ten a large machine and is expected to handle

large problems. Large problems , and large prcgram s to solve

them , require a large memcry space. In current machines , s e v er a l

techn iques such as base re gi ster s and m a~ ping registers have beer .

• used to expand a 16—bit address into a larger address. These

solutions miss the po int , however. In a large data structure ,

— 2 5 — 
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puint ’~ro to oL~~ect~ mo st ~t- at OrLic LsltO 1:. oruer t ,

t r ~t n s l o t i c-ns w h ~~r. u s i n g  a p o i n t e r .  Toe m oot strmi gOt±o rwurs .- -
~~

to  p rovide this is to support longer virtu al addresses a t

outset. The IbOCO permits manipulation of 2~ — b it virt ual

ac or e s se s  ano 2 3 — b i t  p o i n t e r s  embedded  in 32 — b i t  d o u b l e  w o r d

operands. ~ventually even larger address spaces nay be reuuire d ,

but  by that time we expect cicroprocessors- ’-6 itn lar~ er virtu al

add r~~ss spaces to  be a v a i l a b l e .

The p r e v i o u s  d i s c u s s i o n  has c o n c e n t r a t ed  on t h e  acire . s

space seen by the programmer (or comp iler~~. The hardware

s u pp o r t s  a n o t h e r  address  space —— the  p h y s i c a l  moures~ SOC .

lu r i n g  each m e m o r y  access , t i e  v i r t u a l  a d d r e s s  is t r a s s T nt ~ d i n t o

a snysical adaress by a device called a h em c r y  ar ~age m e n t  ho it.

The .‘,ersory hanagement hnit uses a trarislatior~ table ma in t ained

t h e  operating system . I~iemory management facilitates protectio n

by limiting a process to only those areas of physical at -ma ry

which are specified in the translation table and by allowing coon

p rocess  to access m e m o r y  only as spec if ied by protection f l a 0 s in

the translation table.

A b e n c h m a r k  p r o g r a m  has been  w r i t t e n  f o r  the  :~ ccc anc has

been use d to compare  t he Z8000 w ith t h e  t h e  I l l— i  1 .

results are based on prelim inary specifications of the ThoOC moo

suculd ‘ce regarded as preliminar y themselves. briefl y, ~ have

found that:
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— Th e  case  -o~~n~~i t .  3: t o e  ThICO I s  e a u i s ’ ~~ e~,t  t ç  t o ut  of a

i.~l— i 1;

— It is straiso t forwu ro to co~ e t:.c-.e t i u ~ ., r~~ r-50 o
~o m o s t  o:ter.;

— A few ncrL ,nifo rro itie s in toe luoCu ’ s j u ~- t r sc tic -r , set rsi~’r. t
m ak e  c cse  5 e n e r a t i o r ~ siogotly more u itf i cuTh toss :;r tue
PIE— i l ;

— The 15001 in the segmented cper~ ting nose is about I.c
times as fast as an 111— 1 1;

— T he average instruction e x e c  ~t i o r  lot - is a s o ut  I
m icros cc o n u s .

L c m m e r c i a i  m i c r o - p r o c e s s o r s  are not st-s ignec :0r .se in

tig htly coupled multiprcce ssor systems . A~ a resu t , o ne roust

expect scme incomp atib ilities be tween The rooes.~cr an d  t o e  rest

of the processcr r.cde d e s i s t , . For exuop Th, toe ThICO eX~ ect~

toat all o: its a,er::cry is “close ” t -  toe 1roce.~oor. ~s a

it ~e-i:es toe bus for the uur’soio- r. of -
~~ ‘:,e ’:,cr: access . ~~~~, 0

butter :ly ~‘uit iprocessor , scr,:e accesst-s will cc sase to

is in the  “ g lobal ” aadress space. ..e r’e oc to per:,st toe

Th000 to hold the bus while tr~e access is in rro~ ress , im p s

r eal time events mi ght be ‘ciccAcu . ltr,er examp les incThc e t ,e

m e t u c u  of refreshing main r-.’smc-ry and tim ing co-Thidera t-ict ,s .

eacn of these cases , specialised circuitr~ is required in o r o e r

to correct for these deficier .cies .

Tevera l  1,0 d e v i c e s  a re  com mon to ever y proce ssor n o d e :

— The mem ory management unit described ab ove;

— c o u n t e r — t i m e r  which wi ll he used to provi ue inte rrupts
for real—time or schedul ing events;

— 5 0 —
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— heaa Cn l y  i - emory  w h i c h  is used f o r  s~~~t e m  l~ au ir~ mr,s
ceb ug g i n g ;

— A se r i a l  in t e r f a c e  f o r  l o a d i ng , s y s t em  c o n t r o l , m o o
u ebu~~ in~~.

1~ addition to these standard I / C  devices , the butter:l y

:ul tiprocessor will require interfaces to support the

at;lication. Th the extent possible , these interfaces w i l l  be

implem ented using standard LII  interface circuit S sacs as LhAhTh

or ouvanced co : :,roun icat ior is  protocol chips. ‘,here ban cwid t - ,

consideratio ns are important , these interfaces will be cirect

o,emory access devices .

Ia~~r. processor node will contain an intertace to toe

b u t t e r f l ~ Iw i t c h .  ‘Ibis interface .~il i  ot o er

~ommori ~ cat~ Cr~, sers ices . It will icentify :: e-sory mcces~ e.~,

a r e  to  ~ lcb s m e m o r y  and c o n v e r t  them i nt s  meo -~aees acdre.~ se-i O S

t u e  c o r r e c t  processor rode. Th will aTho resjor. t o

messages from other Processor nodes for accesses to Its c- .-.n local

:..emcry . The programmer will he unaware when on access u~ es 0:

s w i t c h .

The switch interface will aisc- be a b l e  t o  t r a n s f e r  a

of ~o r ds b e tween  the  m em ory in  i t s  own p r o c e s s o r  o c d e  a r c  t r a t  in

anctuer processor node. This type of transfer o u s t  he spe ci f i€u

e x ; 1 ic lt l y  by t h e  p r o g r a m m e r , bu t  it  w i l l  make very effici ent ~se

of t h e  b a n d o i c t s .  0:’ the switch. To use t n i~ mode , toe pro 5ramne r

~
secifies the airection cf the transfer , the starting virtu al

I
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ador e s s es  of ‘na t o t h e  local  o~ h r emc -t e  o w u c - r y  r e 0 i ar , s , a r c  t o~-

n u m b e r  of u c r a s  to  ‘ce transferred. To e  s~~i tc : . i nt ~~r ’ : m o e  ~. ilT

p e z ’ :crn  th~ t r a n s f e r , mak i ng up r e q u est  m e s sa g e s  an: s e a l i n g  w i t s

rep lies . In  o r d e r  to r e d u c e  the  impac t  of b i t- m e s s a g e s  oi~ o t : , e r

u s e r s  of t h e  sw i t c h , lon g tr a n s f e r s  si ll be b r o k e n  i n to  b l o c k s  of ’

at r o os t  S or 16 w o r d s .

In a d d i t i o n  to da ta  tr a n s f e r s across  th e switch , the  s w i t c h

inter :ace will support special messages whic h perform function :

such as i n t e r r u p t i n g  a r e m o t e  proce sso r , amp utati ng toe

pr o c e s s o r , or lock ing a r esource .

~~~~~~~~ S~ stem Software

su p p o r t i n g  the  Voice tunnel appli catior . will cc an ope rat- :og

system which will provide toe fo l l owir i e  s e r v i c e s :

— processor management (or scheduling),

— memor y management ,

— inter—processor communication ,

— proce ss synchron izat ion ,

— i n t e r r u p t  h and l ing ,

— system conf igurat ion , and

— r e l i a b i l i t y  assu r a n c e .

The  operatin~ system will provide an e n v i r o nm e n t  is  w h i o r :

tu e  w o r k  of t h e  V o i c e  Funnel  a pp l i c a t i o n  can be p a r t i t i on e d  in t o

a n u m b e r  of i n d i v i d u a l  tasks w h i c h  can be p e r f o r m e d  in p a r a l l e l
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c , several precesses runnin 5 aim~ b t o r ,eously on siife rent

p r o c e s s o r s .  In our  m ode l , t a sks  as: p r o c e s s e s  ar e  ~mr ’to to

c o n c e p t s :  a t a sk  is the unit of work ierfcr roed Lp a process

~a l th o ugh  a p r o c e s s  w h i c h  cycl es may h a n d l e  a s e r i e s  of t a s k s ) .

b ecause  the  b u t t e r f l y  S w i t c h  w i l l  p e r m i t  a l l  r r o c e s s o r s  t o

access all ava i lab le  memory  d i r e c t l y ,  c o o p e r a t i o n  b e t w e e n

p r o c e s s e s  on d i f f e r e n t  p r o c e s s o r s  w i l l  be a l m o s t  us eas~

b e t w een processes on the same processor. Not co Py  w i l l  t oe

ooeratioc system take aavantage of tuis feature itself , tut it

~i ll  also or c v i d e  f a c i l i t i e s  to make it safe eosp :or

a p p l i c a t i o n  p r o c e s s e s  to  c o m m u n i c a t e  f r e e l y  r e ga ro le so  o: o o i o o

p r o c e s s o r  t h e y  are r u n n i n g  on .  W h i l e  accesses  to  r e m o t e  m e m o r y

may be  c o n v e n i e n t , h o w e v e r , t hey  w i l l  e n c o u n t e r  h c t h :  c e l ay  m o d

c o n t e n t i o n , and e x c e s s i v e  use of r e m o t o  m e m o r y  cou ld  s e ri o us l y

se~ race  o v e r a l l  sys t em p e r f o r m a n c e .

In o r d e r  to e f f i c i e n t l y  use- the  a v a i l a b l e  L a r c ’.. ar e  w h i l e

still ach i ev i ng  hi gh pa r a l l e l i sm  and l o w  de l ay , to e a p p l i c a t i o n

software an d the operating system a i l l  observe certain

ccr kver,tior ,o :

— a process may only run  on the processcr in  w o o s e  lo c a l
mem ory it res id es; in conse quenc e , processes whi on night
run on sever al p rocessors must b e re plica ted ;

— a task , no w ev er , may be performed by any copy of the
process written to h a n d l e  it , recaroless of the processor
the process runs on , except when a specific process is
required for some reason ;

I
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— in  o r c e r  to m i n i m i s e  ce ’~mo fO, : ’  i n . i c ’ i - i u ’ ,l t -~s~~s , ~CCC :, C5
wui c r w i l l  perform :reou ~ r~tl p occorrio g t~~s1.~ 

,-, j  I r e
crest-eU in ant ici p ation o t ~~e ir use (or: cr,~- or
r r c c e s uo r :)  ass w i l l  r e m a i n  res ident ;

— e x c ep t  unuer unUsOal cjrcuc ,stanmes , rcc etoe.. .~t o l  r o t  Sc
m o v e s  :‘rc:. one proce s:cr unotuer; r orn:tolp , a L e r :  a
p r ocess  rous t  be run or . another p r o c e s s o r , a cop ~ ci’ t o e
p r o c e s s  w ill he  c rea te :  ::, ‘- - r e .

~cheauling in t Oe  V o i c e  Isunel m u s t  p r o v i c e  a m e c h a n i s m  :cr

e :iicier .t y usin e many processes an-: rccessors t o  p e r ~ o n c  a

bar4 e nun,ter of tasks witi , low ~slay . LCO5O ,~C ta:l: car ,  o f t 5 r  he

p e r f o r c e - a  s~ any copy of the p r o c e s s  w o i - : i . n o n d l e e  t o e n , i t  is

p o s s i n e to take a d v an t a g e  o: m u l t i p l e  :r o ce ~~s c r .  c:~ nav~~rm a

g . ccal scheduling function mhion direct~ i n c o m ing t c~~k~ t o

s u i t a b l e  p rocesses  or .  ; :r o c e s so r s  w o i c u  are s-s t too b-u~~~. bees - o s’s

t r O c e s a C s  w i l l  be c r eat e s  in  - a d v ar . c e  o : o n e  in  SsC and car. c o y  cc

run  on toe p r o c e s sc r s  t o  w h i c h  t i e ;  a r e  local , 01o ’C O  scoecuPir.g

of  ~r oce:ses  w i l l  n o t  be a c r o h a s i l e .  uc~, e v e r , lo cal scr ,e :. u lt n c

cc n ecessa ry on o r d e r  to a l lo c a t e  t~~~~e on a oroo r otj’ cas:s

am c ng t oe p rocesses  assi gned to  eu c p r o c e~~s o r .

‘Iu ree  p o t ent i a l  g loba l  scl, ed ul log a l g o r i t h m s  ar e  o n o e n

consideration:

— an implicit algoritro m hav ing no explicit 0b cbal
scoedul i ng module , ‘cut instead re1,y:n~ up on uat’srol
t e n d er ~c ies in t h e  sys t em to cause  t a s k s  t o  f law  t swan
p r o c e s s o r s  w h i c h  are  less b u s y ;

— a d e c e n t r a l i z e d , hut explicit , global scheduler wi ,50: ,
w o u l d  pull  tasks  t o w a r u  p r o c e s s o r s  as c a p o c i o p  becao~ava i l ab le  to t h em ;  and

-
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— a cer~trab:seo , but ci~~rati : e , ~~ bo~ ~ 5~ r ,~~PUl e n  , r . _  :‘ .‘,c-~ l I
:u~ r . t- .:s t- swar -o~ t o e  ;r oc e s~~sr s  ~~~~ tOt - m- .,to

i m p l i c i t  sl 0 o n i t h c , w i l l  cc imp toc:~er~t~~c : i r s t  L C C I ’ O S C  0 5  Ito .

s i r s  I i c : o p  so: r::turalne~~s . I t s  p e r : - ~ rrcc ~sce C SF ’ C t e I ’  t i S O  ~~ie 1

o c o e r v e c  , a nc oSe of t oe  c t :,er  al gc - r : o r .os  :Ii

c : n s i :e r eo i: the  i m p o i c i t  u l g c r i t h r : .  sees p c c r ~~ in  p r a c t i c e .

aSS:, :roceca w ill have access to a large v i r o ,~a n e r o : ” , ~u :

c :,e~~ab p t e ~ on t h e  Th CC C , .  b e c a u~ e t h e  uem crp  ~‘.:ll cc

ee~~m e r . t e :  up to  127  s e g m e n t s  or. toe Ic- Ill), -ass bess use

s r c c e~as’ can  Q i r e c t iy  access mencry in mr,y srocec:cr , it ‘i l l  cc

c-s s~~i b P e  f o r  p r o c e s s e s  to s el e c o iv e l ’ , c- :,sre ne ::.cry 010:, one

macthe- n io c r I e r  t o  ccllab or~ te c-s a rrobleo , o r  t o  cc 5o,~~n i c o t e

nap ill;, ukile cor,cealir,’ in form atio n cI0 00, a ,os~~ruotto:. or

:~r I ~/u te Oats. from processes o i O h  0 , O L , 1- r , ot  :. e rhtoe to- r em: c-n

it. If oct uses care: 0111  , t:,t- .,,e mem ory ao-oe. -s as:

sr teco i on  :eatures could -sod signific ant v~~rh em ; t:,.rs  -~. h m e m o r y

f r c -5ne n t a o i c r . , context saitc}:in~’, or :raoslst icro ci s oa re :

references. Thus, v irtual acs--:res~ t- caccs çwit: . O :.eir CISC ,

ons t e ct ion , and charm s attributes) w ill :e orec’s fi~~s at lin k

time , rather’ than at run time , r e t — ~i r i n . ~ moct of One fIe: .:ihilit ’,

o:~~er e :  b y t oe m ers c r , m a n a g em e : : t  oar : .‘.mne .~ it: ,cut incur r i o , .

si~~ni±i can t overhead .

r ei,oao o~~itp’ necr,anism-s e:o,:lar to tnose Ososs in

PI’-ur lbos o r o l t i s r o c e c r s o r  will be provided in order to- exp loi t toe
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r t -~ ~~~~~~~ 1 o r i s~~ i~ e r e r t  ir  a ~~~~~~ 1 oee~~ cr -~~

i i t- . .  ~ i i i - c ’t ’. w i l l  h-c 1sorrc~ e : f r o r ,, ‘toe Plan i: ’o~ are :

— sisCOVery an: verific ation of toe o n :  ~art - sc-no ig’urati :r .
at sy s t em  initialis ation time ;

— d e v e l os me n t  and maintenance of a “ cc-r s~~rsus ” rc ’aro m c- o h —
set of correctly functioni ng comm on resources ;

— p e r i o d i c  c h e c k i ng  of critical resources ;

— use ci’ redundant inform ation for verification of’
structures -;

— t i m e o u t s  for locks on common resources ; moo

— blocking of higher level activiti s- ,,, h e r ,  l o w e r  l e v e l
activ ities hav e detected p o s s i b l e  e r r o r s  or
inconsistencies in resources up on w h i c r .  tr.e }:i~ r:er l lve l
activities depend .

T hI s  t l m e — s h a r i n ~ s y s t em  will p r - v i d e  the Lab s- :

e I . v sr C n u e n t  f o r  ~o f t w a r e  d e v e l o p m e n t . l l ’, , l t e -O c o m c t - r  ci tooTh

o o ~~~ cc c r e ates  ~mostly r-p ’ rcccify i ng ex i st ind tooTh ) to p e r - c o t
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