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AbstractModern magnetic disks support advanced mechanisms, such as read-ahead and caching,to optimize disk access performance. However, most of the proposed disk models in theliterature of multimedia storage systems are too simpli�ed to include the advanced featurethat result in inaccurate performance prediction. In this paper, we propose an accurate,detailed SCSI disk model customized for multimedia storage systems. The methodologies ofextracting the parameters of the proposed model are presented. Disk throughput is analyzedand veri�ed by experiments under various contexts. The model and methodologies proposedin the paper can bene�t the design of multimedia storage system in many ways, such asperformance prediction, �le layout design and disk I/O scheduling policy.
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1 IntroductionModern magnetic disks play a very important role in multimedia computing, such as �lecache in a hierarchical multimedia storage system[7, 10], and storage for multimedia clips[6]and (long) continuous media[4]. The objectives of many research projects aim to allow adisk or a group of disks[1] to provide high bandwidth, as well as to respond as predictable asexpected[12]. For both goals, it requires an accurate performance model of disk as founda-tion to understand and to predict the behavior of the disk. In addition, the model cannot betoo complicated to be implemented as on-line decision supports for multimedia storage sys-tems, such as performance prediction, bene�t scheduling policy decision[14] and �le layoutdesign[5].However, most of the disk models in the previous research of multimedia storage systemsare oversimpli�ed. Some assume disk transfer rate is constant [3, 11], while the othersuse the maximum delay as an assurance of service quality [4]. The former (the "average"model) does not take the 
uctuating characteristics of disk access into consideration, andthe latter (the "worst case" model) is conservative that it under-utilizes the capacity of thedisks. Moreover, most disk models fail to model the sophisticated mechanisms and controlsof modern disk that allow caching and performing read-ahead to reduce response time. Theparallelism among disk operation, data transfer and host machine processing is another areaoften ignored. As a result, the accuracy of predicted performance is questionable.An accurate, detailed model of modern disk consists of many parameters, including seek-ing time, transfer rate, cache full/empty ratio, and is able to describe the complicated math-ematical relationships among the parameters. Some parameters have �xed values, such assize of track skew, while some are tunable, such as cache full/empty ratio, that can in
uencethe disk throughput. Some are functions of other dependent parameters, such as the diskhead seeking time is a function with seeking distance as input. Not all the parameters canbe obtained in technical manuals from disk manufacturers, as they are context dependentor simply not provided by the disk manufacturers. Some parameters varies from drive to2



drive due to the physical discrepancy of disks, not possible to be documented in the technicalmanuals. For instance, each disk has di�erent number of bad sectors from manufacturing de-fection. Even found in technical manuals, the published parameters may be neither accurate,nor in the desired representation forms. An example is the seeking time function that gener-ally only average and/or maximum seeking time are published, while seeking time functionwith seeking distance as input parameter is desired by system designers. Furthermore, someperformance parameters depend on the hardware and/or software of the host machines thatmakes it impossible for disk manufacturers to provide the numbers. Consequently, there isa need to have feasible methodologies to extract the parameters from the disks.The goal of this paper is di�erent from [8, 12] which focus on building a complete andaccurate disk simulator. Its drawback is that a disk simulator cannot provide on-line advicedue to its complexity. Rather, this paper emphasizes on �nding a simple and useful diskmodel that still maintains a high degree of accuracy, specially customized for multimediastorage systems. The major di�erences between a multimedia storage system and a conven-tional text �le system are their access unit sizes and access controls. The access unit of amultimedia storage system is generally large, up to several tracks, while in a conventionaltext �le system, the access unit is a line or a record, just hundreds or thousands bytes long.Due to the real time constraint of most multimedia systems, the multimedia storage systemhas to be designed so that the data can be read and transmitted in time as predicted. Inconsequence, most multimedia storage systems are designed to have control on both of thenumber and bandwidth of access streams, while the text �le system plays no active role inaccess control. A carefully designed disk model can take advantage of the unique charac-teristics of multimedia storage systems to reduce the complexity. However, the model hasto be easily built and utilized, and still accurate and useful enough to help the multimediastorage systems in their on-line decision makings, such as disk requests scheduling.In this paper, Section 2 introduces the SCSI disk architecture, and proposes a performancemodel. The performance model carefully depicts the parallelism of disk, SCSI controller anddata transfer. In Section 3, an acquisition methodology of each parameter in the perfor-3



mance model is presented. The acquisition methodology selection criteria include accuracyof the parameter and ease of use. Throughput issues related to multimedia applications arediscussed, and formulas are proposed and veri�ed by experiments in Section 4. Conclusionsare in Section 5.2 A SCSI Disk Model2.1 SCSI Controller and Disk
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Figure 1: SCSI Bus Con�guration.SCSI (Small Computer System Interface) [13] disk I/O system is popular for its low cost,
exibility, versatility and high performance. As depicted in Figure 1, a SCSI bus connectsa SCSI controller to multiple SCSI peripherals, and the SCSI controller is attached to thehost bus.In Figure 2, the structure of disk is depicted. In a disk, there are several platters thatboth sides can be used for data storage and each side has its own read/write head. On eachsurface, there are several thousands tracks, and the tracks of each platters with the sameradius from the spindle form a cylinder. In the most modern disks, the tracks in the outerzone have larger capacity that the tracks in the inner zone. Contiguous data structure is4
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Figure 2: SCSI Disk Structure.usually stored in one or more track of a cylinder to save the read/write head seeking motion.The tracks of a cylinder have di�erent starting positions; the distance of the starting positionof two neighboring tracks of a cylinder is called track skew. The purpose of disk skew isdesigned to o�set the time of head switch, (i.e. the settlement operation of a read/write headdue to out of alignment between tracks) and host processing time that may allow sequentialread of tracks as fast as disk rotates (called non-stop media access). Similarly, cylinder skewis the distance between the starting positions of neighboring cylinders, and serves the samepurpose. A detailed introduction of magnetic disk mechanism and model can be found in[8]. The analysis in this section is valid for both read and write operations. For simplicity,only read operation is used as example, and only one zone is considered. Without loss ofgenerality, cylinder skew is considered the same size as track skew in the analyses of the paperto reduce replications of similar formulas. Since the discussion in this article is intended formultimedia storage system, the unit of access is track, instead of sector as in other papers[9].Due to the limitation of length, the proof of formula is ignored when the formula is clearand self-explained. Interested readers can refer to [2] for details.5
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Figure 3: Timing Diagram of SCSI Disk Access.2.2 SCSI Disk Access ModelThe access time of a SCSI disk comprises host machine pre-access processing time, SCSIcontroller command interpretation time, disk head positioning time, waiting time beforereading from disk platter, media access time, SCSI transmission time, and host machinepost-access processing time. The timing diagram of disk access is depicted in Figure 3.Machine pre-processing (H1) time starts from the time user process calls I/O functionsuntil operating system issues access commands to SCSI controller. When SCSI controllerreceives a command from host machine, it interprets the command, initiates connection andforward the SCSI commands to target hard drive. Generally, the interpretation time (SI) isshort, in comparison with the whole I/O processing time.Hard disks have to position the read/write head to the right cylinder that the duration isknown as seek time, before data read/write. The seek time is a linear function of square rootof seeking distance when the distance is short, and for long seeking distance, it is proportionalto the distance. Before the read/write head settles down, some minor adjustment is neededto have the head right on the top of the target cylinder that the adjustment time is called6



head settle time. In addition, read/write cannot be started unless the target sector is rotatedto the position underneath the head. The time of rotation is naturally called rotation latency.Altogether, the sum of seek time, settle time and rotation time is called disk head positioning(DP) time.Once data is read from disk platter, it is stored in the cache of disk controller. The timeof data read, called as media access time (MA), is exactly the rotation time of the targetdata block. The purpose of the caching is not only for balancing transmission rates betweendisk and SCSI bus in order to optimize the overall performance of SCSI devices, but alsofor data storage during read-ahead operation. Data cannot be transferred from disk driveto SCSI controller until the amount of data cached is higher than a pre-speci�ed thresholdvalue. The time to �ll the cache to the threshold level is called cache �lling time (CT). Thetransfer time of cached data, via SCSI controller, to host machine is denoted as ST. Finally,the host machine spends H2 time to process the incoming data and to move it to the useraddress space.The older disk drives do not have caching and read-ahead functions that its access re-sponse time is determined by the disk head position as the request is processed. While diskhead position is considered a random function for random access, it is obtainable from otherparameters in a sequential access.In Figure 3, tr;i denotes the time user process issues i-th disk access, tt;i denotes thetime disk completes media access of the i-th disk access, and tp;i is the time user processreceives data of i-th disk access. IRi is the inter-request delay after the i-th access. I.e.tr;i+1 = tp;i + IRi. We have formula Eq. (1) representing the access time (without readahead) AT . AT = H1 + SI +DP + CT + ST +H2 (1)From Figure 3, it can be observed MA is subsumed by CT and ST. Therefore, MA does notpresent in the equation.For sequential access (without read ahead), the �rst read can apply Eq. (1). Afterward,
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the time of each disk access ATseq;i is as in Eq. (2).ATseq;i = H1 + SI +DPseq;i + CT + ST +H2 (2)where DPseq;i = 8<: RESi � (MA+ TS) if RESi � 0(djRESije � jRESij) � (MA+ TS) if RESi < 0 (3)RESi = MA+ TS � CT � ST �H2� IRi �H1� SIMA+ TS (4)tp;N = tr;1 +AT + NXi=2(IRi�1 +ATseq;i) (5)If RESi � 0, the next media access can proceed immediately at the next rotation. Otherwise,disk will rotate djRESijetimes without media access. Eq.(5) shows the completion time ofN sequential accesses.2.3 Disk Read Aheadtp;i = 8<: tt;i�1 + TS + CT + ST +H2 if tr;i +H1 + SI � tt;i�1 + TS +CTtr;i +H1 + SI + ST +H2 if tt;i�1 + TS + CT � tr;i +H1 + SI (6)Figure 4: Access Completion Time with Read Ahead.In order to increase the throughput of disk I/O system, modern disk provides a functioncalled read-ahead that reads the next data block immediately and store the data in the cachememory of disk after the current read is done. When the next data block is requested, itcan be accessed immediately. From Figure 3, the read-ahead operation overlaps the datatransfer and host machine processing. If arranged properly, the disk access rate can be asfast as the disk rotation rate times track density. During read-ahead, if the incoming access8



requests other data block, the disk controller is intelligent enough to interrupt the currentread-ahead operation and start to read the requested target data block.The disk access time with read-ahead is not as straightforward as without read-ahead.The reason is that the states of disk and cache a�ect the response time. The read operationcompletion time, tp;i is represented as in Eq. (6) in Figure 4. The �rst equation shows thecase that the requested data block is not cached when disk controller receives the request,and the second shows otherwise. The response time with read ahead, ATra, can be calculatedby ATra = tp;i � tr;i: (7)For a sequence of sequential access, the read-ahead function can greatly reduce the overallresponse time if the read request can be issued in time. As read-ahead operation onlyreads one more data block and stops once completed, the read command of the next datablock must arrive at the disk controller before the completion of read-ahead operation (i.e.tr;i+1 + H1 + SI � tt;i + TS +MA, for the i-th access) in order to maintain the non-stopmedia access. Otherwise, the disk has to wait for one complete revolution before it canread the next data block. For the sequential access without read-ahead, the window forthe read command to arrive to achieve non-stop media access is narrower. The condition istr;i+1 +H1 + SI � tt;i + TS for the i-th access.3 Parameters AcquisitionOnly having accurate performance parameters warrants accurate disk models. Generallyan easy way to obtain performance parameters is to consult technical references publishedby disk manufacturers. However, the performance data on the technical reference may benominal (e.g. average access time instead of a function of context variables) or not mentioned(e.g. cache �lling algorithm)i Furthermore, performance parameters may be host machinedependent. As a result, the performance data has to be either derived from model, measuredor obtained via interrogations with SCSI disk and bus controllers.9



There may be more than one way to acquire the value of a parameter. Our preferenceis as the order of the sequence: derivation from model, user-level measurement, kernel-levelmeasurement and interrogation, and external measurement(e.g. using SCSI bus analyzer).The rationale is to allow ordinary users to acquire the parameters as easy and accurate aspossible. The interrogation method is preferred for the speci�cation of logical structure ofdisk, such as the number of cylinders and the length of track skew, since the data stored inthe disk controller is generally correct, and by doing so can save much trouble in measuring.The acquisition methodologies can be applied to many other environments with di�erenthardware and software.3.1 EnvironmentThe parameters extraction and measurement environment in this paper is on a 486 DX2-33PC with SCSI bus (AHA2842VL) and SCSI disk drive (HPC3323A). A �ne grained microtimer is implemented for event timing recording, which will not be discussed in this paper.The disk driver is modi�ed to allow interrogating peripheral directly for parameter extraction,and recording the time of events. A SCSI analyzer is used for analyzing and measuring thesignals on SCSI bus.3.2 MethodologiesPre-read Host Processing TimePre-read host processing time (H1) is the time from user process issues I/O command untildisk driver sends out SCSI commands, including the time of context switch, memory mappingand management activities, and driver execution. Both the starting and �nishing time arelogged using the micro timer, and H1 can be calculated as their di�erence. Generally, thelength of pre-read host processing time is proportional to the size of data block, and is hostmachine dependent. 10



SCSI Command Interpretation TimeSCSI command interpretation time (SI) is the time SCSI controller runs its �rmware tointerpret the SCSI command and performs initial set up with the target disk. As SCSIcontroller executes as a black box, SI cannot be measured directly with the tools we have.Alternatively, we measure the processing time of SCSI controller of commands without inter-acting with disks (called non-disk SCSI commands) and the time of SCSI controller performshandshaking with disk separately, and add up the two numbers as a reference value of SI. Forthe former, we choose a dozen of non-disk SCSI commands and measure the processing timeby the micro timer invoked from the device driver. The handshaking time can be measureddirectly using SCSI analyzer. The largest sum is selected as SI, just about 1% of the totaldisk access time, in order not to underestimate. The other way to obtain the SI value is tosubtract all other processing times from the total access time. As SI is relatively small tothe whole disk access time, the imprecision in other measurements will result in high errorrate of SI. Thus, this approach is not adopted.Disk Head Position TimeDisk head positioning time (DP) includes seeking time and rotation latency�. Seeking timeis a function of seeking distance that is synthesized from the measurements for each seekingdistance. First, the time to complete the seek operation of the current cylinder (called self-seek operation) is measured at the user-level. The time of self-seek is spent on host machineand controller processing, but the mechanical disk head movement. Then seek commandsof each di�erent distance are issued and measured. Subtracting the measured times of eachdistance by the self-seek time, the results are the pure disk head seeking times for di�erentdistances. The process is repeated until the seeking times for all distances are obtained. Theseeking time in our model is shorter than the published numbers and other work since thehandshaking time between SCSI controller and disk is counted in SI in this model.�Head switch time is subsumed by track/cylinder skew and head settle time is measured as part of seekingtime that both do not show in this model. 11



The rotation latency is the result of dividing the distance between the disk head and thetarget sector by the revolution speed of disk. The revolution time published in the technicalmanual is generally accurate. However, in order to amend the adverse situation of havinga bad disk, the method in [12] is adopted that the revolution time is obtained by readingsame sector without read-ahead many times. The di�erence between two completion timesis the time for one revolution.Track/Cylinder SkewANSI SCSI command set[13] provides commands to interrogate SCSI controller and disk toobtain the track/cylinder skew factor, which is represented in the unit of sector. Track/cylinderskew (TS/CS) time can be calculated by dividing track/cylinder skew by the revolutionspeed.Cache Filling TimeCaching �lling time (CT) is determined by the threshold value of cache full ratio, is controlledby a SCSI variable, called Bu�er Full Ratio(BFR) for read operationy. Only when the cacheddata is above the threshold value, data can be transferred from disk to SCSI bus. The usageof Bu�er Full Ratio is a grey area in ANSI SCSI-2 speci�cation that disk manufacturers mayhave their own designs. Thus, the associated cache �lling time of each value of BFR (rangefrom 00 to FF) needs to be measured.In the measurement, a SCSI analyzer is used to measure the time from disk receivesread command (of the same track) to data transfer starts. The measured time is the sumof rotation latency and cache �lling time. In order to remove e�ect of rotation latency,the measurements are taken many times with di�erent inter-request intervals. The smallestmeasurement is considered as the cache �lling time. This process continues until all the BFRvalues are examined.ySimilarly, Bu�er Empty Ratio is for writing data from SCSI controller to disk.12



Media Access TimeMedia access time (MA) for a track is exactly the time of one revolution.SCSI Bus Transfer TimeSCSI bus transfer time (ST) is decided by the size of data and BFR, and can be measureddirectly using SCSI analyzer. With smaller BFR, the times of data transfer is larger. Thus,the transfer time is longer due to more initializations. Note that ST is measured for eachdi�erent bfr value.Post-Read Host Processing TimePost-read host processing time, H2, is generally proportional to the block size. H2 is thedi�erence between the time of disk interrupt occurs and user process receives data, loggedby calling the micro timer.
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Figure 5: Seeking Time from 1 to 600 Cylinders.Example 1 The extracted values of parameters following the methodologies, averaged from100 measurements, are listed in Table 1. The seeking function with distance from 1 to 600cylinders are plotted in Figure 5, each time point averaged from 100 random experiments.13



H1 SI MA TS CS H21.42ms 0.10ms 11.1ms 1.48ms 3.05ms 0.58msBFR CT ST01 1.86ms 12.72ms80 6.64ms 7.97msFF 13.00ms 7.98msTable 1: Parameters Measured for 60KB Read on HPC3323A.4 Disk Model andMeasurements for Multimedia Stor-age SystemsThere are several factors a�ect the throughput of disk, including access pattern (i.e., sequen-tial or random access), read-ahead or not, inter-request period, and values of bu�er ratiovariables. In this section, the performance analyses for random and sequential accesses arepresented. Applications of the model on multimedia storage systems are also discussed.4.1 Random AccessFor random access, Eq. (1) is applicable for the response time. The values of seeking distance,rotation latency and track size are needed to calculate AT . Rotation latency depends on thedistance between the read/write head position and the target sector. There are two waysto keep track of the read/write head position. One way is to interrogate the SCSI and diskcontroller, and the other is to maintain a counter in host machine to keep the disk headposition and have the counter updated every a short period. However, both approachescannot work e�ectively that the former su�ers from inaccuracy due to processing delays andthe latter has high counter update overhead and synchronization problem. The di�culty toobtain correct position of read/write head in time leads to the problem in deciding rotation14



latency. Thus, average response time is a practical alternative for system designers. Theaverage random access time, AT random, is as below.AT random = H1 + SI +DPrandom + CT + ST +H2 (8)where DPrandom is DP with average rotation latency (i.e. half a revolution). The throughputof random access, TPrandom, can be calculated asTPrandom = track size(AT random + IRavg) (9)where IRavg is the average inter-request time that equals to the time of half revolution ofdisk. Response Time ThroughputModel 24.26ms 2579KB/sMeasurement 24.11ms 2489KB/sTable 2: Response Time and Throughput of 60KB Read.Example 2 Applying Eq. (8) on the data in Table 1, the average random access time of60KB read (with 2 cylinders seek and BFR=80) is 24.26ms. Note the average seeking timefor 2 cylinders is 2ms from Figure 5. An experiment with the same setting is conducted 1000times randomly, and the measured average response time is 24.11ms that is within 1% errorrate from the time derived from our model. The throughput data is also listed in Table 2.4.2 Sequential AccessThe response time of sequential access without read-ahead is shown in Eq. (2). The through-put of sequential access without read-ahead is represented in Eq. (10), which is similar toEq. (9). TPseq = track size(AT seq + IRavg) (10)15



The di�erence is that AT seq is the average AT seq, based on a given distribution of arrivaltime of next request. The response time of disk access without read ahead is generally notpredictable, as the rotation latency is not predictable.In the case of sequential access with read-ahead, Eq. (6) and Eq. (7) formulate theresponse time. Generally, the maximum throughput of disk equals to the disk rotating speedtimes track size and adjustment. For a disk with NP data platters, due to the existence oftrack skews, there needs NP+1 revolution in order to read all the NP tracks in a cylinderthat can be observed from Figure 2. In addition, cylinder skew, which is generally longerthan track skew, needs to be discounted from the equation. Eq. (11) shows the maximumthroughput of a disk. TPmax = track sizeMA � AJ (11)where AJ = NP �MA((NP + 1) �MA) + (CS � (MA� (NP � 1) � TS)) (12)The adjustment AJ in Eq. (12) is to compensate the time spent on track and cylinder skews.When the inter-request delay is long, according to the second part of Eq. (6), there isa delay for data transfer from disk to host machine. The accumulation of several late readrequests may cause a missz and disrupt the read-ahead chain. As a result, one or morerevolution is wasted and the disk cannot achieve its maximum throughput. The followinglemma shows a condition for maximum throughput.Lemma 1 If for every i, tp;i = tt;i�1 + TS + CT + ST +H2; (13)the host machine receives data as fast as the maximum throughput of disk.Proof tp;i is the time when host machine �nishes the i-th disk access and tt;i�1 is thetime when disk �nishes the (i� 1)-th media access. It can be observed from Figure 3 thattp;i � tt;i = CT + ST +H2�MA: (14)zI.e. the read/write head passes the start of the track before the access request arrives at the diskcontroller. 16



Replacing tp;i in Eq. (14) using Eq. (13), we havett;i�1 � tt;i + TS = �MA; (15)or tt;i � tt;i�1 = TS +MA: (16)Eq. (16) means that disks has no miss in the sequential read. I.e. at its maximum throughput.In the following, we will show the condition of the length of inter-request period (IRi) sothat host machine can obtain the maximum throughput from the disk.Lemma 2 If for every i, IRi � TS +MA�H1� SI � ST �H2; (17)then the host machine can read the disk at its maximum throughput.Proof Adding tp;i to both side of Eq.(17), we havetp;i + IRi � tp;i + TS +MA�H1� SI � ST �H2: (18)Since tr;i+1 = tp;i + IRi and tt;i = tp;i �H2� ST � CT +MA, Eq. (18) becomestr;i+1 � tt;i + TS + CT �H1� SI; (19)or tr;i+1 +H1 + SI � tt;i + TS + CT: (20)Applying Eq. (6), we have tp;i = tt;i�1 + TS + CT + ST +H2 (21)According to Lemma 1, the host machine can access the disk at disk's maximum speed.To obtain the maximum throughput, a video server has to keep inter-request delay underTS +MA � H1 � SI � ST � H2, that can be a critical factor for scheduling. When thecondition does not hold, the response time is increased, and eventually the read-ahead chain17



will be broken. In consequence, the total throughput is reduced. The following formula isan approximation of the throughput that modi�es Eq. (11) by multiplying a degradationfactor. TPappx = 8<: track sizeMA �AJ � BCBC+1 if BC > 0TPmax if BC � 0 (22)where BC = MA+ TSIRi � (TS +MA�H1� SI � ST �H2) (23)BC is the number of disk reads before the read-ahead chain is broken and BCBC+1 is thedegradation factor.
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4.3 Applications in Multimedia Storage SystemsThere are decision support issues, such as performance prediction, �le layout, and disk I/Oscheduling of multimedia storage system can bene�t from the proposed model. The modelcan o�er an accurate prediction for most of the accesses. For instance, accessing 30 MBon HPC3323A disk continuously, the measurement from experiment is 6400ms. If usingthe average access time from the reference manual, the predicted response time is 9642ms,while it is 6520ms when applying this model. The reason that the prediction time from ourmodel is higher than the measurement is that our model does not put bad sectors and otherunexpected incidents (such as parity error) into account. The error rate is mostly within5% which agrees to the �ndings in [8]. Another application of the accurate response timeestimation is disk I/O scheduling that scheduling algorithms can be more e�ective when thecost of each request can be estimated accurately.An important video playback design issue is the disk I/O planning problem of accessinga collection of tracks. Now assume tracks T0, T1, ..., TN are to be read, where tracks Ti andTi+1 are not necessarily adjacent, and Ti is closer to the disk outer boundary than Tj, if i< j. The planner needs to partition tracks into groups, and issues one I/O request for agroup of tracks. Having a model which can estimate the response times of all alternativesaccurately, the planner can make the optimized plan.Intuitively, there are at least two choices. The �rst approach is to read the target tracksone by one, and the other is access the target tracks together with the non-targeted trackslying among them in one multi-tracks read. The access time for a contiguous N tracks (withread-ahead) can be derived as in Eq. (24), if Lemma 2 is satis�ed.ATN = H1 + SI +DP + (N � 1) � (MA+ TS) + CT + ST +H2 (24)The initialization cost is only counted once, and for the other N-1 reads, the system mayperform non-stop disk read. The time to read the N data tracks using a sequence of N datareads (i.e. one read command only reads one track) is in Eq. (25).Example 4 A user process is to read track i and track i+3 that each track is 60K bytes19



tp;i = 8>>><>>>: tp;i as in Eq. (6) if Ti and Ti�1 are adjacenttt;i�1 + TSi�1;i + CT + ST +H2 if td;i � tt;i�1 + TSi�1;itt;i�1 + TSi�1;i + nr � (MA+ TS) +CT + ST +H2 if td;i > tt;i�1 + TSi�1;i (25)where seek(Ti�1; Ti) = seeking time from track Ti�1 to TiTSi�1;i = track and cylinder skews between tracks Ti�1 and Tinr = � tp;i�1 + IRi�1 +H1 + SI + seek(Ti�1; Ti)� tt;i�1 � TSi�1;iTS +MA �td;i = tp;i�1 + IRi�1 +H1 + SI + seek(Ti�1; Ti)Figure 7: The Equation of Access Time of N-Tracks Data Read.long. The disk scheduler can issue a 4-tracks read to read in track i, track i+1, track i+2 andtrack i+3 in one I/O request, or to read track i and track i+3 separately. Assume initiallydisk head is on the target cylinder, and the host machine processing time H1 for 240KB isfour times as for 60KB. Using the data in Table 1 (with BFR=80), Eq. (24) and Eq. (25),the elapse times of both approaches reading track i and track i+3 are listed in Table 3. Theaverages of the outcomes from experiments, conducted 1000 times randomly, are also listedin Table 3.From the example, it can be found no plan is better than the other for all the cases.Every single parameter, such as revolution speed, seeking time, and inter-request intervalmay reverse the decision that shows the importance of an on-line algorithm for making theoptimized plan. In Figure 8, the chart shows the derived response times from the modelof reading 4 blocks in a read request and read i-th and (i+3)-th blocks separately underdi�erent revolution speeds and inter-request intervals.Interleaving partitions of a �le or several �les is popular in the near-video-on-demand20



Access Type Model ExperimentRead 4 tracks 64.26ms 66.07msRead track i IR = 1ms 47.42ms 49.03msand i+3 IR = 10ms 60.00ms 62.12msIR = 20ms 72.58ms 74.68msTable 3: One Multi-Track Read vs. Multiple Reads of Single Track.
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Figure 8: Response Times with Di�erent Parameter Valuesserver design [5] in order to support many group of users. Generally, each of n �les, f1, f2,..., fn, is partitioned into m elements, stored sequentially as f1;1, f2;1, ..., fn;1, f1;2, f2;2, ...,f1;m, ..., fn;m (that fi;j is the j-th element of the i-th �le), and each group of users access toone �le. Since video data is played in a high rate, disk access has to catch up the playingrate for every group. Moreover, it is normal that only some �les are served at one time.In the �le layout design, decisions include the number of �les, the number of partitionsand the size of element with the constraint that the access time of any subset of ff1;j,..., fi;j, ..., fn;jg should not exceed the time a video player consumes one �le element, i.e.fi;j. Eq. (24) and Eq. (25) can be used to verify the legitimacy of the selected parameters.21



However, the algorithms for the decisions are beyond the scope of this paper.5 ConclusionIn this paper, we present an accurate and useful, but not tedious, SCSI disk model formultimedia storage systems, and a methodology for acquiring the parameters. The decisionsupports of multimedia storage systems can utilize this performance model to predict per-formance, design �le layout and I/O scheduling policy. Although the model is not claimedas accurate as the disk simulator in [8, 12], for its compactness it can be implemented in thedisk driver for on-line decision supports. Currently, the model is implemented in the diskdevice driver to explore various �le layouts and I/O schedule algorithms of a video server.There are still many issues to be resolved. The �rst issue is to extend the performancemodel and acquisition approach to the environment with multiple disks and/or with multiplebuses. The second issue is regarding the acquisition process. Although our initial intention isto develop a methodology for ordinary users, it still has to resort to device driver modi�cationand use of special equipment, such as SCSI bus analyzer. It is hoped that SCSI disk andcontroller manufacturers can provide Vendor Unique Commands for programmers to extractneeded parameters.References[1] Steven Berson, Richard Muntz, Shahram Ghandeharizadeh, and Xiangyu Ju. Staggeredstriping in multimedia information systems. In Proc. ACM SIGMOD, 1994.[2] Meng Chang Chen, Jan-Ming Ho, Ming-Dat Ko, and Shie-Yuan Wang. A scsi diskmodel for video playback. Technical report, Institute of Information Science, AcademiaSinica, 1995.
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