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(57) ABSTRACT 

Optimizing performance of physical disk drives in a disk 
array storage device With a plurality of logical volumes is 
accomplished by accumulating statistics over an interval to 
select tWo logical volumes for an exchange. After testing to 
determine any adverse effect of making that change, the 
exchange occurs to more evenly distribute the loading on 
individual physical disk storage devices. One set of statis 
tics, seek time, is obtained by combining estimated disk 
access information and an interpolated seek time obtained 
from a template that stores characteristics seek times among 
different pairs of segments that de?ne a physical disk device 
independently of a logical volume con?guration. 
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METHOD FOR DETERMINING SEEK TIMES IN A 
DISK ARRAY STORAGE DEVICE 

CROSS REFERENCE TO RELATED 
APPLICATION 

[0001] This is a continuation of copending application for 
US. patent Ser. No. 09/541,159 ?led Mar. 31, 2000 that is 
a continuation-in-part of copending application for US. Pat. 
No. 6,088,766 granted Jul. 11, 2000 (Ser. No. 09/002,428 
?led Jan. 2, 1998) that is a continuation-in-part of copending 
application for US. Pat. No. 6,061,761 granted May 2, 2000 
(Ser. No. 08/944,606 ?led Oct. 6, 1997) and that is assigned 
to the same assignee as this invention. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 

[0003] This invention generally relates to the management 
of resources in a data processing system and more particu 
larly to a tool for use in the management of a disk array 
storage device. 

[0004] 2. Description of Related Art 

[0005] Many data processing systems noW incorporate 
disk array storage devices. Each of these devices comprises 
a plurality of physical disks arranged into logical volumes. 
Data on these devices is accessible through various control 
input/output programs in response to commands, particu 
larly reading and Writing commands from one or more host 
processors. ASymmetriX 5500 series integrated cached disk 
array that is commercially-available from the assignee of 
this invention is one eXample of such a disk array storage 
device. This particular array comprises multiple physical 
disk storage devices or physical disk drives With the capa 
bility of storing terabytes of data. The management of such 
resources becomes very important because the ineffective 
utiliZation of the capabilities of such an array can affect 
overall data processing system performance signi?cantly. 

[0006] Generally a system administrator Will, upon initial 
iZation of such a direct access storage device, determine 
certain characteristics of the data sets to be stored. These 
characteristics include the data set siZe, and volume names 
and, in some systems, the correspondence betWeen a logical 
volume and a particular host processor in a multiple host 
processor system. The system administrator uses this infor 
mation to con?gure the disk array storage device by distrib 
uting various data sets across different physical disk devices 
accordingly With an expectation of avoiding concurrent use 
of a physical device by multiple applications. Often times 
allocations based upon this limited information are or 
become inappropriate. When this occurs, the original con 
?guration can degrade overall data processing system per 
formance dramatically. 

[0007] One approach to overcoming this problem involves 
an analysis of the operation of the disk array storage device 
prior to loading a particular data set and then determining an 
appropriate location for that data set. For example, US. Pat. 
No. 4,633,387 to Hartung et al. discloses load balancing in 
a multi-unit data processing system in Which a host operates 
With multiple disk storage units through plural storage 
directors. In accordance With this approach a least busy 
storage director requests Work to be done from a busier 
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storage director. The busier storage director, as a Work 
sending unit, supplies Work to the Work requesting, or least 
busy, storage director. 

[0008] US. Pat. No. 5,239,649 to McBride et al. discloses 
a system for balancing the load on channel paths during long 
running applications. In accordance With the load balancing 
scheme, a selection of volumes is ?rst made from those 
having an af?nity to the calling host. The load across the 
respective connected channel paths is also calculated. The 
calculation is Weighted to account for different magnitudes 
of load resulting from different applications and to prefer the 
selection of volumes connected to the feWest unused channel 
paths. An optimal volume is selected as the neXt volume to 
be processed. The monitored load on each channel path is 
then updated to include the load associated With the neWly 
selected volume, assuming that the load associated With 
processing the volume is distributed evenly across the 
respective connected channel paths. The selection of the 
folloWing volume is then based on the updated load infor 
mation. The method continues quickly during subsequent 
selection of the remaining volumes for processing. 

[0009] In still another approach, US. Pat. No. 3,702,006 
to Page discloses load balancing in a data processing system 
capable of multi-tasking. A count is made of the number of 
times each I/O device is accessed by each task over a time 
interval betWeen successive allocation routines. During each 
allocation, an analysis uses the count and time interval to 
estimate the utiliZation of each device due to the current 
tasks. An estimate is also made With the anticipated utiliZa 
tion due to the task undergoing allocation. The estimated 
current and anticipated utiliZation serve as a basis for the 
allocation of data sets to the least utiliZed I/O devices. 

[0010] Yet another load balancing approach involves a 
division of reading operations among different physical disk 
drives that are redundant. Redundancy has become a major 
factor in the implementation of various storage systems and 
must also be considered in con?guring a storage system. 
US. Pat. No. 5,819,310 to VishlitZky, et al. discloses such a 
redundant storage system With a disclosed disk array storage 
device that includes tWo device controllers and related 
physical disk drives for storing mirrored data. Each of the 
physical disk drives is divided into logical volumes. Each 
device controller can effect different reading processes and 
includes a correspondence table that establishes the reading 
process to be used in retrieving data from the corresponding 
physical disk drive. Each disk controller responds to a read 
command that identi?es a logical volume by using the 
correspondence table to select the appropriate reading pro 
cess and by transferring data from the appropriate physical 
disk drive containing the designated logical volume. 

[0011] Consequently, When this mirroring system is imple 
mented, reading operations involving a single logical vol 
ume do not necessarily occur from a single physical disk 
drive. Rather read commands to different portions of a 
particular logical volume may be directed to any one of the 
mirrors for reading from preselected tracks in the logical 
volume. AlloWing such operations can provide limited load 
balancing and can reduce seek times. 

[0012] Other redundancy and striping techniques may 
spread the load over multiple physical drives by dividing a 
logical volume into sub-volumes that are stored on indi 
vidual physical disk drives in blocks of contiguous storage 



US 2005/0102467 A1 

locations. However, if the physical disk drives have multiple 
logical volumes, sub-volumes or other forms of blocks of 
contiguous storage locations, the net effect may not balance 
the load With respect to the totality of the physical disk 
drives. Thus, none of the foregoing references discloses or 
suggests a method for providing a dynamic reallocation of 
physical address space based upon actual usage. 

[0013] Recently more rigorous analyses have been imple 
mented to provide dynamic reallocation based upon actual 
usage. US. Pat. No. 6,189,071(application Ser. No. 09/143, 
683 ?led, Aug. 28, 1998) discloses one such analysis that 
includes the step of providing an approximation of disk seek 
times. Generally these approaches determine seek distances 
and convert the seek distances into time. In more speci?c 
terms, this approach uses a statistical analysis by Which 
actual disk accesses are Weighted and combined to produce 
an estimated seek activity. Then this estimate is converted to 
a seek time by combination With a value, ti], that is an 
approximation of the seek time betWeen tWo logical volumes 
i and j. HoWever, in some applications it may be desirable 
to obtain more accurate seek times to use in selecting 
exchangeable logical volumes that, in turn, can optimiZe the 
performance of a disk array storage device. 

SUMMARY 

[0014] Therefore it is an object of this invention to provide 
a tool that is useful in the dynamic reallocation of data on a 
disk array storage device based upon actual usage. 

[0015] Another object of this invention is to provide 
dynamic reallocation of a disk array storage device utiliZing 
statistical analyses based, in part, on better approximations 
of disk seek times. 

[0016] Still another object of this invention is to provide a 
dynamic reallocation of a disk array storage device by 
providing a method for generating disk seek times directly 
from normally collected disk statistics based upon physical 
disk drive operating characteristics. 

[0017] Yet another object of this invention is to provide a 
statistical analysis that includes a process for generating disk 
seek times that more accurately re?ect actual disk seek times 
thereby to facilitate the optimiZation of performance. 

[0018] In accordance With this invention, the seek time 
required for moving a disk head betWeen ?rst and second 
addresses includes a step of dividing the disk into a plurality 
of segments of a given siZe de?ned by ?rst and second 
boundaries and establishing an array of actual seek times for 
seek operations betWeen each pair of segments. The speci 
?ed ?rst and second addresses and actual seek times in the 
array are combined to obtain an actual seek time for a seek 
betWeen the ?rst and second addresses. 

[0019] In accordance With another aspect of this invention 
the seek time for a physical disk drive con?gured to store 
data in a plurality of logical volumes over a time interval is 
determined by dividing the physical disk into a plurality of 
?xed siZed segments. Segment siZe is independent of the 
logical volume con?guration on the physical disk drive. The 
actual time required for seek operations betWeen the seg 
ments is obtained. Access statistics for each logical volume 
during the time interval are accumulated and converted into 
an estimated number of seeks betWeen each pair of logical 
volumes. A characteristic seek time for each logical volume 
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pair is obtained based upon actual segment seek times. Then 
a total seek time is generated as the sum of the products, for 
each logical volume pair, of the characteristic seek time and 
the estimated number of seeks for the logical volume pair. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0020] The appended claims particularly point out and 
distinctly claim the subject matter of this invention. The 
various objects, advantages and novel features of this inven 
tion Will be more fully apparent from a reading of the 
folloWing detailed description in conjunction With the 
accompanying draWings in Which like reference numerals 
refer to like parts, and in Which: 

[0021] FIG. 1 is a block diagram of a speci?c data 
processing system that implements this invention; 

[0022] FIG. 2 is a How diagram that depicts a procedure 
for exchanging logical volumes that incorporates this inven 
tion; 

[0023] 
[0024] FIG. 4 is a How diagram that depicts one aspect of 
this invention; 

[0025] FIGS. 5A, 5B and 5C are diagrams that are useful 
in understanding this invention; 

[0026] FIG. 6 is a How diagram that depicts a process for 
obtaining an intervolume seek time; 

FIG. 3 is a diagram of a physical disk drive; 

[0027] FIG. 7 is a How diagram that depicts a process for 
obtaining an intravolume seek time; and 

[0028] FIG. 8 is a How diagram that depicts a procedure 
incorporated in the procedure of FIG. 2 for obtaining the 
total seek time for a physical disk drive using the procedures 
shoWn in FIGS. 6 and 7. 

DESCRIPTION OF ILLUSTRATIVE 
EMBODIMENTS 

[0029] FIG. 1 depicts, in block form and as a typical data 
storage system 30, a Symmetrix 5500 series integrated 
cached disk array that includes such a data memory system 
With a number of data storage devices or physical disk drives 
31A, 31B, 31C, 31D and 31E, by Way of example, and a 
system memory 32 With a cache memory 33. In this par 
ticular embodiment the system 30 includes several device 
controllers 34A, 34B, 34C, 34D and 34E connected to 
corresponding ones of the physical disk drives 31A through 
31E. 

[0030] Con?guring physical disk drives into logical vol 
umes or analogous data blocks is Well knoWn in the art. By 
Way of example, the device controller 34A is shoWn With an 
associated physical disk drive 31A divided into the mirrored 
logical volumes M1-LVA, M1-LVB, M1-LVC and 
M1-LVD; the device controller 34E controls the other physi 
cal disk drive 31E that stores the mirrored logical volumes 
M2-LVA, M2-LVB, M2-LVC and M2-LVD. It is also pos 
sible for logical volumes, such as the LVE and LVF logical 
volumes on the physical disk 31B, and LVG and LVH 
logical volumes in the physical disk drive 31C to have 
different capacities. As Will become apparent, this invention 
has particular use When a physical disk drive has multiple 
logical volumes. 
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[0031] Still referring to FIG. 1 a single processor or host 
35 communicates With the data storage facility through an 
interconnecting data access channel 36 and a host adapter 37 
that connects to the system memory 32 over a system bus 38. 
Atypical data storage facility 30 may comprise multiple host 
adapters that connect to the system bus 38 in parallel. One 
or more hosts may also connect to each host adapter. 

[0032] A system manager console 40 includes an addi 
tional processor that connects to the system bus 38, typically 
through a device controller, such as device controller 34Aby 
means of a serial or other communications link. Essentially 
the system manager console 40 enables the operator to 
establish communications With the host adapter 37, the 
device controller 34B and the system memory 32. As 
knoWn, a system manager 47 in the system manager console 
40 permits a system operator to run set-up and diagnostic 
programs for con?guring, controlling and monitoring the 
performance of the data storage facility 30. 

[0033] Before any component, such as the host adapter 37 
or the device controllers 34A and 34B can access the system 
memory 32, that component must obtain access to the 
system bus 38. Conventional bus access logic 41 receives 
access request signals from these components and grants 
access to only one such component at any given time. AWide 
variety of knoWn arbitration schemes are suitable for use in 
a data storage system employing multiple processors and a 
shared system memory, such as the system memory 32. 

[0034] Preferably the system memory 32 is a high-speed 
random-access semiconductor memory that includes, as 
additional components, a cache index directory 42 that 
provides an indication including the addresses of the data 
Which is stored in the cache memory 33. In a preferred 
embodiment, the cache index directory 42 is organiZed as a 
hierarchy of tables that de?ne a logical device or volume as 
a group of cylinders, individual cylinders Within a logical 
volume, and individual tracks With a cylinder. The system 
memory 32 also includes areas for path structures 43 and 
queues 44. The basic operation of the system memory 32 is 
described in Yanai et al., US. Pat. No. 5,206,939 issued Apr. 
27, 1993. System memory 32, particularly the cache 
memory 33, may also include a region of memory knoWn as 
permacache memory that retains data elements until they are 
speci?cally deleted. 

[0035] The coordination of each of the host adapters With 
each of the device controllers is simpli?ed by using the 
system memory 32, and in particular the cache memory 33, 
as a buffer for data transfers betWeen each host adapter and 
each device controller. Such a system, for example, is 
described in US. Pat. No. 5,206,939. 

[0036] Acache memory manager 45 in the host adapter 37 
gathers statistics about a number of parameters. For the 
purpose of this invention, the numbers of reading and 
Writing operations requested by a host 35 or connected hosts 
are important. Each of the cache memory managers 46A 
through 46X in each of the device controllers 34A through 
34X gathers statistics for the logical volumes on each 
connected physical disk storage device. More speci?cally, 
each cache memory manager gathers statistics as to the 
number of disk accesses to each logical volume connected to 
it. Amonitor 50 in the system manager console 40 integrates 
the data in these cache memory managers to obtain appro 
priate statistics at given intervals. 
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[0037] From the foregoing, disk operations included in 
any measure of the loading of a logical volume Will include 
reading operations and Writing operations. Reading opera 
tions can be further segregated or classi?ed as read-hit, 
read-miss and sequential read operations. A read-hit opera 
tion occurs When the data to be read resides in the cache 
memory 33. A read-miss occurs When the data to be read is 
not available in the cache memory 33 and must be trans 
ferred from a physical disk device. Sequential read opera 
tions are those that occur from sequentially addressed stor 
age locations. 

[0038] The system operates With tWo types of Writing 
operations. The ?rst transfers the data from the host 35 to the 
cache memory 33. The second type transfers the data from 
the cache memory 33 to a physical disk storage device. The 
second type operates in a background mode, so it is possible 
that the host 35 may Write data to a location more than once 
before the data is Written to a physical disk storage device. 
Consequently the number of Writing operations of the sec 
ond type normally Will not correspond to and be less than the 
number of Writing operations of the ?rst type. 

[0039] In accordance With this invention, optimiZation of 
disk performance relies upon the foregoing information 
supplied from a performance monitor 50 that retrieves 
statistics from each cache memory manager on a periodic 
basis. The periodicity Will be selected according to conven 
tional sampling criteria. Typical periods Will be from up to 
15 to 30 or more minutes. As each set of statistics is time 
stamped and accumulated by logical volume, the total num 
ber of read operations, a read-hit ratio, a sequential-read 
ratio and the total number of Writing operations over a test 
interval can be obtained. An optimiZation program 51 shoWn 
in FIG. 1 then operates according to a procedure 100 as 
shoWn in FIG. 2 to establish an exchange of a pair of logical 
volumes. 

[0040] Step 111 in FIG. 2 represents the selection of a 
particular time interval for analysis. In step 112 the load 
balance program 51 selects a logical volume or analogous 
data block of other siZe or type for analysis. Step 113 obtains 
the number of disk accesses to the selected logical volume, 
segregates them into random disk read, disk Write and 
sequential prefetch read categories and generates a Weighted 
estimate. It has been found that Weighting this information 
can improve the estimate, particularly a Weighting of 1.0 for 
random disk reads, 0.5 for disk Writes and 0.25 for sequen 
tial prefetch reads. Other Weightings may also be effective. 

[0041] The procedure of step 114 converts the Weighted 
disk activity into a disk transfer time representing the time 
to complete all the transfers to the logical volume exclusive 
of any seek operations. That is, a disk transfer time Will 
correspond to any latency time plus the time for actually 
transferring selected data. This conversion can be provided 
by data contained in a table that represents an average of all 
systems or speci?c systems by model and manufacturer. The 
data may be manufacturer’s design data or may re?ect 
speci?c measurements at one track on a physical disk drive 
or at a plurality of spaced tracks. 

[0042] Once this information has been calculated for a 
particular logical volume or other data block, step 115 
determines Whether additional logical volumes remain to be 
tested. If more logical volumes exist, steps 112 through 114 
repeat. 
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[0043] After all the logical volumes in all the physical disk 
drives under analysis have been processed to obtain the disk 
transfer times, step 115 diverts control to step 116 to begin 
an analysis that provides seek times for the accesses. Spe 
ci?cally step 116 selects a physical drive for an analysis 
according to a procedure 117, shoWn in detail in FIGS. 6 
through 8, to obtain a total seek time for the selected 
physical disk drive. If another physical disk drive requires 
analysis, step 120 returns control to step 116. OtherWise, 
control passes from step 120 to step 121 Whereupon an 
exchange analysis begins. That eXchange analysis forms no 
part of this speci?c invention. 

[0044] In accordance With this invention the procedure for 
determining the seek time for a physical disk drive in step 
117 is based upon an assumption that each physical disk 
drive is divided into segments of a given siZe de?ned by 
segment boundaries, notWithstanding the boundaries of any 
logical volumes on the physical disk drive. For each physical 
disk drive the segment boundaries are utiliZed to form a 
template that is common to all physical disk drives of the 
same type, notWithstanding the number or siZes of the 
logical volumes on a particular physical disk drive. 

[0045] FIG. 3 depicts a physical disk drive 200. For 
purposes of discussion the physical disk drive 200 is shoWn 
With a capacity of 4 gigabytes (GB) and contains 3 logical 
volumes designated logical volumes LV(1), LV(2) and 
LV(3) arranged in bands of concentric cylinders. FIG. 3 
depicts the eXtent and location of each of these logical 
volumes and their center line addresses. Measured in terms 
of gigabytes from a starting reference or 0 byte position on 
the outer track or cylinder of the physical disk drive, the 
physical disk drive 200 has the folloWing characteristics: 

Starting Center Line 
Size Address (9Address 

LV ID (GB) (GB) (GB) 

LV (1) 1.7 0 0.85 
LV (2) 1.0 1.7 2.20 
LV (3) 1.3 2.7 3.35 

[0046] Concentric lines 201, 202 and 203 depict the 1, 2 
and 3 GB boundaries for the 1 GB segments in the physical 
disk drive 200 shoWn in FIG. 3. 

[0047] This invention utiliZes a template that increases the 
accuracy of the estimates of seek time during an analysis. 
FIG. 4 depicts a procedure 204, usually run When the 
installation of the optimiZation procedure 51 occurs or 
Whenever a neW drive type is added to the disk storage 
facility. Speci?cally the procedure 204 begins by selecting a 
drive type in step 205, such as the 4 GB physical disk drive 
in FIG. 3. If a seek time template does not eXist, step 206 
transfers control to step 207. 

[0048] Step 207 segments the drive into blocks of a given 
siZe With identi?ed boundaries. The actual selection of the 
segment boundaries Will depend upon the data that is 
available for determining seek times. For this particular 
eXample, it is assumed that step 207 segments the physical 
disk drive 200 into 1 GB segments With boundaries at 0, 1, 
2, 3 and 4 GB as de?ned above. As Will be apparent from 
FIG. 3, When the LV(1), LV(2) and LV(3) logical volumes 
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are present, the LV(1) logical volume spans all of the ?rst 
segment and a portion of the second segment; the LV(2) 
logical volume, portions of the second and third segments; 
and the LV(3) logical volume, a portion of the third segment 
and all of the fourth segment. It Will be further noted that the 
center lines for the LV(1) through LV(3) logical volumes are 
located in the ?rst, third and fourth segments respectively. 

[0049] Step 208 prepares a template With empirical pre 
determined seek times based upon the identi?ed boundaries. 
FIG. 5A depicts one such template 209 With recorded seek 
times for moving disk read/Write heads betWeen each of the 
boundaries. It is assumed that the seek times for a physical 
disk drive are symmetrical; that is, it is assumed that the time 
to go from one boundary to another is the same as going 
from the other boundary to the one boundary. In the fore 
going eXample, there is a 3 msec. seek time involved from 
transferring from the 0 GB boundary to 1 GB boundary; and 
a like 3 msec. seek time is involved in moving from the 1 GB 
to the 0 GB boundary. Seek times to such boundaries 
generally are available from manufacturers. Alternatively 
these times can be obtained by test. As shoWn in FIG. 5A, 
a seek from the 0 boundary to the 1 boundary is 3 msec. As 
is predictable, the times to transfer to successfully more 
distant boundaries increases. 

[0050] Step 210 stores the seek time template 209 for the 
device type. In one embodiment the template is stored Within 
data buffer space provided Within the load balance system 
51. Obviously this template could be stored in any accessible 
storage location in the data storage facility 30 shoWn in FIG. 
1. If more drive types eXist, step 211 shifts control back to 
step 205 to select another drive type. When seek time 
templates have been produced for all the drive types, the 
procedure 204 in FIG. 4 terminates and the installation 
procedure can be completed. If a physical disk drive of a 
neW type is added subsequently, this procedure 204 can be 
implemented to generate and save an additional correspond 
ing seek time template. 

[0051] This invention uses the foregoing seek time tem 
plate in FIG. 5A to determine the seek time for tWo different 
types of seek operations. A ?rst type involves starting and 
ending addresses in different logical volumes. In the folloW 
ing discussion, such seek operations are called “intervolume 
seek operations”. The second type involves seek operations 
With starting and ending address in the same logical volume. 
These are called “intravolume seek operations”. Looking 
?rst at an intervolume seek operation, it Will be apparent that 
the maXimum number of possible logical volume pairs on 
any physical disk drive With symmetrical operating charac 
teristics Will be: 

* (N — 1) (1) 
N 

2 

[0052] Where N represents the total number of logical 
volumes on the physical disk drive that are available for 
analysis. Thus in the speci?c embodiment shoWn in FIG. 3 
there are three possible logical volume pairs, namely: an 
LV(1)-LV(2) pair; an LV(1)-LV(3) pair; and an LV(2)-LV(3) 
pair. The available number of logical volume pairs may be 
decreased if any one logical volume is eXcluded from the 
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analysis. If a physical disk drive has only one available 
logical volume, there Will be no available logical volume 
pairs. 

[0053] An intervolume seek procedure 220 in FIG. 6 
provides the seek time for a logical volume pair (i,j). Step 
221 determines an estimated number of seek operations 
betWeen the logical volumes in the selected logical volume 
pair. In a preferred form, the number of accesses are 
Weighted as previously described. The estimated number of 
seek operations is provided by: 

AiAj (2) 
Nr see/(5U, j) = 2* A 

[0054] Where Ai and represent the Weighted number of 
accesses to the tWo different logical volumes i and j in a 
logical volume pair, namely: logical volumes i and j and 
Where i< >j and Arepresents the total Weighted seek activity 
on the physical disk. 

[0055] As Will be apparent from FIG. 3, it is likely that 
neither the boundaries for or a center line location of a 
logical volume Will match one or more segment boundaries. 
In accordance With this invention, an interpolation based 
upon the Ratio Theorem provides an ef?cient procedure for 
obtaining seek times betWeen logical volume center line 
locations With greater accuracy than available in prior sys 
tems and Without imposing an undue burden on processing. 

[0056] Assume that the LV(1)-LV(3) logical volume pair 
is selected for analysis, as disclosed in the above table and 
FIG. 3, this particularly con?gured physical disk drive 200 
has the center line locations at 0.85 GB for the LV(1) logical 
volume and 3.35 GB for the LV(3) logical volume. Assum 
ing the initial and target addresses are the 0.85 GB and 3.35 
GB centerline locations, the table 223 in FIG. 5B depicts 
those tWo locations by lines 224 and 225, respectively. 
Letting X and y represent the center line locations of the 
LV(1) and LV(3) logical volume lines, then: 

x=O.85 (3) 

[0057] and 

y=3.35. (4) 

[0058] Let 

P=x—lxl (5) 

[0059] and 

[0060] Where and [y] are the “?oor of X” and the 
“ceiling of y” mathematical functions, respectively. Conse 
quently p and q represent the displacements of the center line 
addresses for each logical volume relative to a segment 
boundary. Looking at the speci?c eXample: 
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[0061] Using the Ratio Theorem and a syntax time(roW, 
column), the interpolation for the seek time for the speci?c 
logical pair, tid- is: 

[0062] For the speci?c eXample, Equation (9) yields a 
value rounded up to tWo decimal places of: 

t1’3=3.54 msec (10) 

[0063] This value becomes the characteristic seek time 
that is one term in the product for determining the total seek 
time for transfers betWeen the tWo logical volumes in the 
selected logical volume pair over the interval. 

[0064] Step 226 utiliZes the resulting number of seeks 
obtained from Equation (2) and the characteristic seek time 
from equation (9) to generate the total time for seek opera 
tions With the logical volume pair. That is, for a speci?ed 
logical volume pair i,j, the seek time, seek time(i,j) is: 

At-Aj (11) 
A It” Seek time(i, j) 

[0065] Thus steps 220 and 226 provide a total seek time 
over the analysis interval for a logical volume pair (i,j). 

[0066] There are tWo speci?c intervolume seek operations 
in Which individual terms of equation (9) can not be solved 
using the data in a seek time template as shoWn in FIG. 5A. 
One situation occurs When the centerline locations of tWo 
logical volumes in a selected logical volume pair lie in the 
same segment. In that situation, the second and third terms 
of equation (9) can not be solved because there is no 
corresponding data. The second arises When the centerline 
locations for the tWo logical volumes lie in consecutive 
segments. In that case the ?rst term of equation (9) can not 
be solved. Either situation requires additional information. 
When these situations occurs, step 226 in FIG. 6 generates 
X and y values based upon an extrapolation of the data in a 
disk seek time template, such as the disk seek time template 
209 in FIG. 5A. Using k to represent a single segment 
number so that i=j=k and M to represent the maXimum 
segment number: 

[0067] Step 226 uses one of this set of three equations to 
provide an appropriate value for the interpolation of the seek 
time. In the speci?c eXample shoWn in FIGS. 3 and 5A, 
equation (12) provides seek times for the segment With 
boundaries at 1 and 2 GB and With boundaries at 2 and 3 GB. 
Equation (13) provides the seek time for the ?rst segment 
betWeen the 0 and 1 GB boundary; equation (14), the seek 
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time for the other end segment With boundaries at 3 and 
4GB. The times followed by asterisks in FIG. 5C depict 
times determined by equations (12) through (14) for the 
speci?c seek time template in FIG. 5A. In a preferred 
embodiment, these values are calculated on an “as needed” 
basis. Alternatively, these values could be generated as part 
of the step of forming a drive type seek time template and 
stored as part of that template. 

[0068] FIG. 7 depicts a procedure 230 for estimating the 
seek time for intravolume seek operations in a selected 
logical volume i. For purposes of explanation and under 
standing, assume that the LV(2) logical volume shoWn in 
FIG. 3 has been selected. 

[0069] Step 231 obtains appropriate data from the system 
manager 40 in FIG. 1 to determine the Weighted number of 
accesses to the logical volume and step 232 uses a similar 
process to determine the Weighted number of accesses to the 
entire physical disk drive 200 in FIG. 3. Letting Ai represent 
the Weighted number of accesses to the logical volume and 
A represent the Weighted number of accesses to the physical 
disk drive, step 233 estimates the total number of intravol 
ume seek operations Within the logical volume as: 

A? (15) 
Nr internal seeks : 7‘ 

[0070] Step 234 determines the boundary locations on the 
physical disk drive for the selected logical volume. For the 
speci?c instance of the LV(2) logical volume, the boundaries 
are at 1.7 GB and 2.7 GB. Step 235 uses this information to 
determine the estimated seek time according to: 

Seek time(i)=K*Nr internal seeks*t(i,i) (16) 

[0071] Where K is a constant and t(i,i) is obtained from 
equation (9) Where i=j and Where X and y are logical volume 
boundaries. In the speci?c eXample, X=1.7 and y=2.7. 

[0072] For intravolume seek operations With the selection 
of the boundaries, tseek(i,i) is taken betWeen the starting and 
ending locations for the logical volume. HoWever, the eXact 
eXtent of any seek operation may be from a minimum 
betWeen tWo adjacent cylinders to a maXimum betWeen the 
starting and ending locations. Information obtained from 
experimentation indicates that a value K=1/3 scales the total 
seek time to a more accurate value. Thus, equation (16) 
provides an accurate estimate of the seek time for seek 
operations that are con?ned to a speci?c logical volume. 

[0073] FIGS. 6 and 7 therefore depict procedures for 
obtaining an intervolume seek time for a speci?c logical 
volume pair and an intravolume seek time for a speci?c 
logical volume. FIG. 8 depicts a procedure that integrates 
these tWo seek time procedures and that is called by step 117 
in FIG. 2. Referring to FIG. 8, the procedure begins in step 
240 With the collection of the disk access statistics from the 
monitor 50 in FIG. 1. As previously indicated, this infor 
mation collectively identi?es each disk access by logical 
volume and type. Step 240 also initialiZes a seek time 
register (not shoWn). The seek time register accumulates 
seek time data for the physical disk drive to be used during 
the eXchange analysis 121 in FIG. 2. 

[0074] As Will become evident, it is only necessary to 
analyZe the intervolume seek times for each logical volume 
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pair. Any number of procedures can be used to avoid 
duplication. In one approach depicted in FIG. 8, the logical 
volumes on a physical disk drive are ordered by their 
position on the drive. For eXample, the order of the logical 
volumes in FIG. 3 Would be LV1, LV2, LV3. In this 
particular case the sequence of names corresponds to the 
order, but the logical volume names and the sequence With 
Which they appear are arbitrary. 

[0075] Step 241 de?nes an LViPTR pointer and initialiZes 
it to point to the ?rst logical volume in the ordered sequence. 
In the eXample of FIG. 3, the LViPTR pointer points to the 
LV1 logical volume. 

[0076] Step 242 selects the logical volume i from the 
available logical volumes. Step 243 then applies the proce 
dure 230 in FIG. 7 to accumulate the relevant seek statistics 
and to obtain the intravolume seek time for the selected 
logical volume i. Step 244 adds this seek time to the any 
accumulated time in the seek time register for this physical 
disk drive. 

[0077] Step 245 then initialiZes an LVjPTR pointer to 
point to the neXt logical volume in the ordered sequence. For 
a ?rst iteration, the LViPTR pointer points to the LV1 logical 
volume in FIG. 3, so step 245 sets the LVjPTR pointer to 
point to the LV2 logical volume, and step 245 completes the 
de?nition of a logical volume pair. In the initial iteration, 
step 245 de?nes the LV1-LV2 logical volume pair. Step 246 
then selects the logical volume identi?ed by the LviPTR 
pointer and obtains the relevant seek statistics. Step 247 uses 
procedure 204 in FIG. 6 to determine the intervolume seek 
time for the logical volume pair (i,j); i.e., the LV1-LV2 
logical volume pair during the ?rst iteration. Step 250 adds 
this seek time to the value in the seek time register. 

[0078] Step 251 tests to see if the LVjPPT pointer identi 
?es the last logical volume in the ordered sequence. If not, 
step 252 increments the LVjPTR to point to a neXt logical 
volume for being paired With the logical volume identi?ed 
by the LViPTR pointer and transfers to step 246 to select that 
logical volume and the statistics for the logical volume pair; 
e.g., for the LV1-LV3 logical volume pair. 

[0079] After evaluation all the possible logical volume 
pairs in Which the ?rst logical volume in the ordered 
sequence is a member, step 251 transfers control to step 253 
determines Whether the LViPTR pointer identi?es the last 
logical volume in the ordered sequence. If not, step 254 
increments the LViPTR pointer. This establishes a reference 
to the LV2 logical volume after all the possible LV1 logical 
volume pairs are evaluated and control transfers to step 242 
to select the neXt logical volume and its seek statistics. 

[0080] For the speci?c eXample of FIG. 3, FIG. 8 Will 
produce seek times for individual logical volumes and 
logical volume pairs in the folloWing sequence: 

[0082] Other sequences could also be generated by other 
techniques. 

[0083] When all logical volumes are tested, step 253 
transfers control to step 255 that records the value in the seek 
time register in a memory location assigned to the selected 
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physical disk drive. That is, after step 255 this assigned 
memory location Will contain a value for the total seek time 
for the physical disk drive that is given by: 

DriveSeekTime : 2 Seek time(i, j) + 2 Seek time(i, i) (17) 

[0084] As Will noW be appreciated, using ?xed siZe seg 
ments alloWs the generation of a seek time template that is 
independent of the logical volume con?guration on a par 
ticular physical disk drive of a given drive type. Many 
systems that comprise multiple disk drives include physical 
disk drives of a single type in Which case only one such 
template is required. The 4 GB physical disk drive With 1 
GB segments has been selected because it simpli?es the 
description of the invention. In most applications the physi 
cal disk drive Will have a greater storage capacity and may 
include any number of logical volumes. The segment siZes 
may also differ. 

[0085] The process of obtaining seek times in accordance 
With this invention occurs With only a minimal impact on 
processing Within the system. That is, reading the siZe of 
each logical volume, calculating its center line and perform 
ing the interpolation as set forth in Equations (3) through 
(10) only requires minimal processing time but improves the 
analysis of the seek times. 

[0086] In summary, this foregoing disclosure de?nes a 
method for determining seek times that is useful in optimiZ 
ing the performance of a disk storage facility comprising a 
plurality of physical disk drives. Statistics of the occurrence 
of read, Write, and sequential prefetch read operations are 
maintained over at least an analysis interval. This informa 
tion becomes an estimated access number for each logical 
volume. In turn this information produces an estimated 
number of seeks betWeen individual logical volumes in 
logical volume pairs. Using a center location for each logical 
volume as a reference and a drive seek time template enables 
a rapid, straightforWard and more accurate determination of 
the seek time for each logical volume pair. These times are 
easily combined to produce a total seek time for the analysis 
interval for the physical disk drive. 

[0087] The foregoing description discusses this invention 
in terms of data organiZed into blocks of contiguous storage 
locations on a physical disk of knoWn siZe called logical 
volumes. HoWever, the invention is applicable to other data 
organiZations. In some applications, for eXample, a logical 
volume might be divided into a series of sub-volumes 
distributed across plural physical disk storage devices or 
other logical blocks. Such a division could be made for 
redundancy and recovery purposes or for load distribution 
purposes. 

[0088] Although this invention has been disclosed in 
terms of certain embodiments, many modi?cations can be 
made to the disclosed method and supporting data organi 
Zation Without departing from the invention. Therefore, it is 
the intent of the appended claims to cover all such variations 
and modi?cations as come Within the true spirit and scope of 
this invention. 
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What is claimed as neW and desired to be secured by Letters 
Patent of the United States is: 
1. A program for determining the seek time over a time 

interval for a physical disk drive con?gured to store data in 
a plurality of logical volumes, said program comprising: 

A) a template procedure for dividing the physical disk 
into a plurality of ?Xed siZed segments independently 
of the logical volume con?guration on the physical disk 
drive Wherein each segment has a plurality of contigu 
ous tracks, 

B) a seek time procedure for determining actual seek 
times for seek operations betWeen the segments includ 
ing, 

i) a store for assigning a predetermined seek time for 
each seek operation betWeen tWo segment bound 
aries, 

ii) a calculator for calculating an intrasegment seek 
time based upon the predetermined seek times, and 

iii) an array generator for placing the predetermined 
seek times in a tWo-dimensional array With the roWs 
and columns de?ned by the segment boundaries. 

C) an accumulation procedure for accumulating statistics 
for each access to each logical volume during the time 
interval, 

D) a conversion procedure for converting the accumulated 
statistics into an estimated number of seeks betWeen 
each pair of logical volumes, 

E) a seek time generator for de?ning a seek time for each 
logical volume pair based upon said actual segment 
seek times, and 

F) a total seek time generator for generating a total seek 
time as the sum of the products, for each logical volume 
pair, of the actual seek time for and the estimated 
number of seeks betWeen each logical volume in the 
logical volume pair over the time interval. 

2. Aprogram as recited in claim 1 Wherein said accumu 
lation procedure segregates each access to a logical volume 
into one of predetermined classes of accesses and Weights 
the numbers of accesses in each predetermined class. 

3. Aprogram as recited in claim 1 Wherein said accumu 
lation procedure segregates each access to a logical volume 
into one of random read, Write and sequential prefetch read 
classes and With Weights accesses in each class by 1.0, 0.5 
and 0.25, respectively. 

4. A program as recited in claim 3 Wherein Ai and represent the Weighted access to logical volumes i and j, and 

A represents the Weighted sum of all the accesses to the 
physical disk drive and Wherein said conversion procedure 
generates an estimated number of disk accesses for the 
logical volume pair by: 

. . AiAj 

Nr seeks(z, ]) = A 

5. Aprogram as recited in claim 4 Wherein said seek time 
procedure determines the seek time betWeen a center loca 
tion of each of the logical volumes in the logical volume 
pair. 
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6. Aprogram as recited in claim 1 additionally comprising 
a procedure for determining an intravolume seek time Within 
a logical volume. 

7. A program as recited in claim 6 Wherein said intravol 
ume seek time procedure for a logical volume includes a 
process for de?ning the boundaries of the logical volume 
relative to the segment boundaries and a process for deter 
mining the seek time betWeen the logical volume bound 
aries. 

8. Aprogram as recited in claim 7 Wherein said process for 
de?ning intravolume seek time includes interpolating the 
seek times determined for seek operations betWeen the 
segments based upon the logical volume boundary locations. 

9. Aprogram as recited in claim 6 Wherein said process for 
de?ning seek time includes linearly interpolating the seek 
times determined for seek operations betWeen the segments 
based upon the logical volume boundary locations. 

10. A program as recited in claim 4 Wherein each of said 
center locations is given as an offset from a segment 
boundary according to: 

Where X and y represent center line locations of logical 
volumes, and [y] represent “?oor of X” and “ceiling 
of y” functions for the values of X and y based upon the 
boundaries of the segments and p and q represent the 
displacements of the center line addresses for each 
logical volume relative to a segment boundary; and said 
seek time generation procedure generates a seek time 
according to: 

where tij represents the seek time for a speci?c pair of 
logical volumes and time is the seek interval for the 
corresponding relationship. 

11. Apparatus for determining the seek time over a time 
interval for a physical disk drive con?gured to store data in 
a plurality of logical volumes, said apparatus comprising: 

A) dividing means for dividing the physical disk into a 
plurality of ?Xed siZed segments independently of the 
logical volume con?guration on the physical disk drive 
Wherein each segment has a plurality of contiguous 
tracks, 

B) determination means for determining actual seek times 
for seek operations betWeen the segments including: 

i) means for assigning a predetermined seek time for 
each seek operation betWeen tWo segment bound 
arics, 

ii) means for calculating an intrasegment seek time 
based upon the predetermined seek times, and 
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iii) means for placing the predetermined seek times in 
a tWo-dimensional array With the roWs and columns 
de?ned by the segment boundaries, 

C) accumulating means for accumulating statistics for 
each access to each logical volume during the time 
interval, 

D) conversion means for converting the accumulated 
statistics into an estimated number of seeks betWeen 
each pair of logical volumes, 

E) seek time de?nition means for de?ning a seek time for 
each logical volume pair based upon said actual seg 
ment seek times, and 

F) total seek time generation means for generating a total 
seek time as the sum of the products, for each logical 
volume pair, of the actual seek time for and the esti 
mated number of seeks betWeen each logical volume in 
the logical volume pair over the time interval. 

12. Apparatus as recited in claim 11 Wherein said accu 
mulation means includes means for segregating each access 
to a logical volume into one of predetermined classes of 
accesses and means for Weighting the numbers of accesses 
in each predetermined class. 

13. Apparatus as recited in claim 12 Wherein said segre 
gation means segregates each access into one of random 
read, Write and sequential prefetch read classes said Weight 
ings means assigns Weights of 1.0, 0.5 and 0.25, to those 
classes respectively. 

14. Apparatus as recited in claim 13 Wherein Ai and represent the Weighted access to logical volumes i and j, and 

A represents the Weighted sum of all the accesses to the 
physical disk drive and Wherein said seek time determina 
tion means produces the estimated number of disk accesses 
for the logical volume pair according to: 

AiAj 
Nr seeks(i, j) = 

15. Apparatus as recited in claim 11 Wherein said deter 
mination means includes means for determining the seek 
time betWeen a center location of each of the logical 
volumes in the logical volume pair. 

16. Apparatus as recited in claim 11 additionally com 
prising means for determining an intravolume seek time 
Within a logical volume. 

17. Apparatus as recited in claim 16 Wherein said deter 
mination means for determining intravolume seek time for a 
logical volume includes means for de?ning the boundaries 
of the logical volume relative to the segment boundaries and 
means for determining the seek time betWeen the logical 
volume boundaries. 

18. Apparatus as recited in claim 17 Wherein said means 
for de?ning intravolume seek time includes means for 
interpolating the seek times determined for seek operations 
betWeen the segments based upon the logical volume bound 
ary locations. 

19. Apparatus as recited in claim 17 Wherein said means 
for de?ning seek time includes means for linearly interpo 
lating the seek times determined for seek operations betWeen 
the segments based upon the logical volume boundary 
locations. 
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20. Apparatus as recited in claim 15 wherein each of said 
center locations is given as an offset from a segment 
boundary according to: 

Where X and y represent center line locations of logical 
volumes, and [y] represent “?oor of X” and “ceiling 
of y” functions for the values of X and y based upon the 
boundaries of the segments and p and q represent the 
displacements of the center line addresses for each 
logical volume relative to a segment boundary and 
Wherein said means for de?ning a seek time for each 
logical volume includes means for generating a seek 
time according to: 
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where tij represents the seek time for a speci?c pair of 
logical volumes and time is the seek interval for the 
corresponding relationship. 


