Quantitative investigation of certain properties of slot mechanisms

Fei Xia and Bin Liu

Department of Computing Science, Universityof Newcastle upon Tyne,

Claremont Tower, Claremont Road, Newcastle upon Tyne, NE1 7RU, UK fei.xia@ncl.ac.uk , bin.liu@ncl.ac.uk.

Abstract. The slot asynchronous communication mechanisms ( ACMs) have been studied in qualitative detail in their main properties ¾ data coherence and data freshness. Certain other properties have so far been regarded as inevitable consequences of synchronisation-free data communications via shared memoryand not studied. In this paper, possible methods and techniques for the investigation of these properties in a quantitative manner are discussed. The capabilityof carrying out such investigations is important for the comparative studies of different classes of ACMs and the formation of a general theoryof ACMs.

The problem

T he class of data communication mechanisms described and studied bySimpson [ 1 ] are designed for transferring data between completelysynchronisation-free processes. T he mechanisms employfromone to four data areas

(called slots ), implied to be in memoryshared between the writer and the reader. Some of the mechanisms have logic in the formof control variables to steer the writer and reader to prevent themfromaccessing the same slot simultaneouslyand to cause the reader to obtain the most up-to-date data provided bythe writer. T he reader and writer are not subject to anyrelative timing constraints and thus are completelytemporallyindependent without the need for synchronisation, wait states or arbitration in the conventional, request/grant, sense. T he general organisation of these types of mechanisms is shown in Fig 1 . T heywill be referred to as slot mechanisms in this paper.

writer data in shared memory

control variables

reader

Fig 1 Schematic of slot mechanisms using shared memory and possibly control variables.

Various studies [ 2 , 3 , 4 , 5 ] have shown that the four-slot mechanismpossesses two important properties, data coherence and data freshness . However, such issues as data loss and re-reading of previously acquired data are referred to as ^inevitable consequences of synchronisation-free data communication~ and not studied further.

Although applications maybe found where such phenomena as data loss and re-reading of old data do not matter verymuch, to establish a more comprehensive picture of ACMs these properties should be studied, preferablyin a quantitative manner, as the coherence and freshness properties have been proved qualitatively.

As other studies are beginning to show[ 6 ], synchronisation-free ACMs maybe designed that, with a relaxed requirement of data freshness, provide ways of ^tuning~ the rates of data loss and/or re-reading of old data quantitatively. T he slot mechanisms as theyare do not possess the design flexibilityto provide for these kinds of adjustments. It would still be useful to studytheir data loss and re-reading properties for the purpose of comparing themwith those of other designs.

The starting point

Fromearlier work, full Petri net models of the slot mechanisms are available [ 4 , 5 ]. Although these were established primarilyfor studying the data coherence and data freshness properties, theydo contain the full transition systems of the mechanisms, therebycapable of generating the full state space fromwhich information on data loss and re-reading maybe obtained. In addition, software programs used in earlier studies are available for possible modification and further use [ 7 ].

The properties

Simpson´s definitions of data coherence and data freshness can be found in [ 2 ]. In this paper these definitions are accepted.

Definition 1 Data loss

Data loss occurs when an itemof data generated bythe writer becomes ultimatelyunavailable for the reader, before the reader has obtained it. T he data loss rate is the average ratio of the number of data items lost and the total number of data items generated bythe writer.

Definition 2 Data re-reading

Re-reading of previouslyread data occurs when the reader obtains an itemof data, which it has alreadyobtained in a previous cycle. T he data re-reading rate is the average ratio of the number of re-read data items and the total number of data items read.

In a synchronisation-free ACM of finite size, the former must occur if the writer is faster than the reader , and the latter must occur if the reader is faster than the writer. Quantitatively, the rates of data loss and re-reading should depend on a number of factors, the most likelyones being the ratio between the average writer and reader cycle times and the structure of the ACM in question.

The methods

Earlier work has shown that the slot mechanisms tend to have complex state spaces with large numbers of states.

For instance, the simplest model for the four-slot mechanismhas over 1000 individual states. T his makes the analysis of data loss and re-reading rates directlyfromthe state graphs a potentiallyverydifficult job. However, each slot mechanismconsists of two cycles of operation, the writer and the reader. T his means that each state, apart fromitself, can onlyhave two subsequent states, one the result of a reader statement and the other a writer statement as shown in Fig 2 . T he state transition matrix is therefore extremelysparse. As a result a studybased on the full state graph using straightforward Markovian techniques maynot be impossible, in spite of the size of the state space.

A node, A, in the state graph

A ^so n~ node of A,

B

Second ^so n~ node of A, C

Writer statement that results in state

B fromA, with probability p

AB

Reader statement that results in state

C fro mA, with probability p

AC

Fig 2 State propagation in a slot mechanism.

T he reader and writer accesses on anyslot maybe modelled by multi-state Markov chains whose transition probabilityinformation can be obtained fromreader and writer cycle rates and their statistical distributions, as shown in Fig 3 . T he probabilitytransition matrix of the systemcan be then derived.

Furthermore, since data loss and data re-reading are onlyrelevant at direct writer and reader accesses to the data slots, and not when control variable values are changed, it can be said that onlya limited portion of the total states need direct scrutinyin a studyof these properties. T he full state space onlyneeds to be generated in the background. T he slot mechanisms are also symmetrical. T his means that an analysis onlyneeds to be done on one of the slots to obtain the relevant rates. Both these points would simplifythe Markovian analysis byspreading the task into a number of sub-steps, thus avoiding the solution of large numbers of simultaneous equations.

Reading

Writing p wi

Idle p ir

p ri

p iw

Fig 3 M arkov chain of reader and w riter accessing actions on a slot.

Earlier work also provided various Petri net models of the slot mechanisms and it should be possible to directlymake use of stochastic Petri net (SPN) techniques [ 8 ] to studythe data loss and re-reading rates.

Since the slot mechanisms are simple algorithms, it is a straightforward process to develop simulation programs for them. T hese programs onlyneed to be discrete event based with a relative timing management module to produce accurate estimates of the relevant rates.

Full matrix

^Co mpressed~

matrix

Fig 4 The shapes of the state transition matrices of the four-slot mechanism.

Preliminary work

A simulation programhas been developed that treats the slot mechanismas discrete event systems without

representation of hard timing. Relative timing that determines which event is to occur next at anystate is

managed bya separate module that keeps track of the writer and reader´s consumption of waiting time since last

action. An event is treated as atomic and not capable of being interleaved byother events. Anyfine-tuning of

interleaving detail can be accomplished bystretching out an event to two with a distinct state added in the

middle, in the style of [ 9 ].

Randomnumber generating routines based on different distributions can be ^plugged into~ the programso that

different statistical behaviours of reader and writer cycles maybe investigated.

T his programhas been run a number of times and a reasonable collection of data has been gathered on the

data loss and re-reading rates of the four-slot mechanism. T his data has helped in establishing some of the

observations given in [ 6 ].

Software used in previous work [ 7 ] has been extended and modified to investigate the state space of the four-

slot mechanism. Byconcentrating on the reader and writer direct access states on single slots the state transition

matrix has been ^compressed~ into a more manageable size of 126 ´ 126. A wayof calculating all the necessary probabilitydata to fill this matrix without losing details given bythe full matrix has been developed. T he shapes

of the full state transition matrix of over 1000 states and the ^compressed~ matrix of 126 ´ 126 are shown in Fig 4 ,

where the dots denote the positions of the non-zero elements.

Future work and acknowledgement

If theoretical means to an investigation exist, simulations should be used to provide supporting evidence only.

T herefore a studypurelybased on simulations is not enough for the problemat hand.

T he studybased on tools and experiences obtained fromearlier work, bycombining Petri net models and

additional probabilityinformation for state transitions, shows promise. It has been shown that the size of the

problemcan be managed byspreading the task into a number of sub-steps. Based on the authors´ knowledge of

the state of the art in numerical techniques, the current problems are of a size that would not necessitate special

treatments or workarounds. What remains to be done is resolving the relationship between the probability

information for each state transition and the statistical distribution of the reader and writer cycles, and the related

coding.

T he authors are not familiar with SPN techniques and the tools available associated with these techniques.

T his angle remains verymuch worth exploring. Fundamentally, if the theoretical basis remains the same, i.e.,

Markovian principles, both the state-graph based approach used so far and anySPN based technique should

produce similar results. T his assumes, of course, that the size of the problemdoes not cause difficulties.

As shown in [ 6 ], the development of a sound method for the studyof qualitative properties of slot mechanisms

contributes significantlyto the establishment of a general theoryon ACMs.

Mr Ian Clark of the Department of Electronic Engineering, King´s College London is thanked for manyhours

of work modifying and tuning programs at the authors´ behest so that this work can be done.

T his work is part of on-going studies at King´s College London and the Universityof Newcastle into

asynchronous communication algorithms and mechanisms. FX is supported byEPSRC grant GR/L93775 (project

COMFORT at NCL) and BL bya Royal SocietyFellowship.

References

1 Simpson, H.R., ^Four-slot fullyasynchronous communication mechanism~, IEE P roceedings, Vol. 137, P t. E, No. 1,

pp.17-30, January1990.

2 Simpson, H.R., ^Correctness analysis of class of asynchronous communication mechanisms~, IEE P roceedings, Vol. 139,

P t. E, No. 1, pp.35-49, January1992.

3 Simpson, H.R., ^New algorithms for asynchronous communication~ and ^Role model analysis of an asynchronous

communication mechanism~, IEE P roceedings on Computing and Digital Techniques, Vol. 144, No. 4, pp.227-240, July

1997.

4 Xia, F., Clark, I.G. and Davies, A.C., ^P etri-net based investigation of synchronisation-free interprocess communication

in shared-memoryreal-time systems~, P roc. 2nd UK Asynchronous Forum, Universityof Newcastle upon Tyne,

Newcastle upon Tyne, UK, July1-2, 1997.

5 Xia, F. and Clark, I.G., ^Complementing role models with P etri nets in studying asynchronous data communications~,

19 th International Conference on Application and Theoryof P etri Nets, Hardware Design and P etri Nets Workshop,

pp.66-85, June 23, 1998, Lisbon, P ortugal.

6 Yakovlev, A., Kinniment, D.J., Xia, F. and Koelmans, A.M., ^A FIFO buffer with non-blocking interface~, elsewhere in

this Forum.

7 Clark, I.G., ^Reach ¾ a reachabilitysearch programfor cyclic P /T nets~, the P etri net email list, URL

http://www.daimi.aau.dk :80/~petrinet/, 1995.

8 Lindemann, C., P erformance modelling with deterministic and stochastic P etri nets, John Wileyand Sons, Chichester,

UK, 1998.

9 Clark, I.G., Xia, F., Yakovlev, A.V. and Davies, A.C., ^P etri net models of latch metastability~, Electronics Letters ,

Vol.34, No.7, pp. 635-636, April 2, 1998.