
The problem of limited channels can be mitigated somewhat by us-
ing I of the 8 logical unit numbers (LUN's) defined by SCSI for sub-
device access, effectively giving 8 independent channels into ION.
However, not all workstations support multiple LUN's. The problem is
solved with SCSI-2, which includes a tagged command facility that al-
lows multiple outstanding commands to be issued to a single target
device. Both the workstation and the target are responsible for remem-
bering that multiple jobs are pending, and properþ coordinating the
returned information across the SCSI bus.

6. Using ION to Measure
Proce ssor-to -Disk I I O Perþrmance

Another application of ION is a measurement tool for studying the
SCSI interface performance of a computer system. Contrary to mea-
surement systems such as IOStone [19] and IOBench [20], which use
synthetic workloads as a basis, or trace driven studies that require sys-
tem modifications [21], these measurements are made from the per-
spective of the disk device, not the workstation, and therefore reflect
hardware capabilities, not software characteristics. Also, the procedure
used does not require any changes to the host systems. The data thus
captured can be used to optimize software performance within the op-
erating qystem or guide the design of data access routines in a sophisti-
cated user application.

The performance measurement system is deûned as an action over
alarge range of block addresses, corresponding to the "4" section of
a standard raw disk device partition table. The action function records
the time and type of SCSI state transitions, and the amount of data
transferred, and returns or accepts host data immediateþ. No interme-
diate SCSI disconnection occurs. From this information, throughput,
transfer rate and overhead calculations can be made. Measurements
were taken on 3 sample workstations, referred to as Systems A, B and
C.. Each workstation is connected to an ION system in an idle envi-

* The workstations employed in this exercise were selected for the sole purpose of illustrat-
ing this application of ION. The exercise was not intended as an exhaustive or sci-
entifrcally p-recise analysis of computer products. The results reported herein are merely
examples of results achieved and should not be considered as either positive or negativè
judgements about any product or vendor.
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ronment. For contrast, comparison to a second ION system is also

shown. Unless indicated otherwise, all measurements are taken using

instrumented code running only in the ION system and initiated

through the raw disk system interfaces provided by each workstation.

The timers used for each measurement are triggered by the inter-

rupts that correspond to phase changes of the scsl protocol (each

SCSI command can be composed of multiple instances of 6 types of

information exchanges called phases). Hence, such measurements are

not influenced by operating system overhead, which is subject to con-

siderable variation between vendors. The systems were operated in

the asynchronous SCSI data transfer mode, as this was the only mode

of operation common to all 3; only one workstation supported syn-

chronous transfers at the time of the experiments, which would im-

prove the relative performance of that station. However, data transfer

is only one part of the more complex SCSI command protocol. The

discussion measures performance in megabytes per second (mbs)' kilo-

bytes (kb) and milliseconds (ms).

6.1 IIO Transþr Rates

Figure 6 illustrates the data transfer rate of the 3 workstations and

ION. The abscissa is indexed in disk sectors of 512 bytes, which cor-

responds to the physical block size used on most scsl drives. Most

unix file qystem traffic occurs in 16 sector increments. This measure-

ment shows only data transfer rate, and does not include any addi-

tional SCSI command overhead. It is therefore indicative of the maxi-

mum performance attainable by each system. The expected profile of

these plots would be rapid increase in transfer rate up to the maximum

data rate, followed by steady performance. Instead it can be seen that

the rise is fairþ slow, indicating additional overhead in setting up the

DMA phases of the transfers. Also, the read plots indicate crossings in

the data rates at different transfer values, rather than a constant order-

ing from the slowest to the fastest system.

6.2 Command Overhead

Figure 7 illustrates the command overhead component of a data trans-

fer. These data are obtained by subtracting the data transfer time from

the command time. System C, ION and System A indicate the ex-
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pected overhead profile-an almost constant component of the overall
command. System B exhibits peculiar behavior between 2 and 16 sec-
tors, where the command overhead increases sharply and then flattens
out. We speculate that System B does not contain DMA control in the
SCSI data paths, but includes a FIFO (a hardware device used as a
temporary buffer for fast I/O data). When the FIFO reaches its capac-
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ity, it must be drained by a programmed copy loop executed by the

processor, thereby increasing the overhead associated with larger

transfers.

6.3 State Machínes v. Multiple Tasks

While the ION SCSI interface is the fastest of the systems shown, in

Figure 7, System C is consistently faster. The explanation involves the

diúerent methods in which the SCSI protocol is implemented in each

system. Most of the additional overhead for a transfer is caused by the

ptrur. changes (and their accompanying interrupts) in the scsl proto-

col. These changes can be handled more rapidly with a state machine

implementation (typical of most Unix systems) than by the multiple

tasks in use in the ION system. In a state machine, the phase transi-

tions can be controlled at interrupt time, while ION must incur the

overhead of task synchronization and task scheduling before the transi-

tion can occur.

7. A Memory-Based Pseudo-Disk

þplication

Another IoN application is to function as a pseudo-disk for analyzing

computer system behavior as disk technology changes. By defining

hardware disk characteristics in software, it is possible to use ION to

study the impact of new disk technology before it is commercially

avaiiable. When such an application is backed by sufficient buffer

memory in ION, actual file-system behavior, rather than simulation,

can be monitored.
Using software running within ION, the following attributes can

be controlled:

. Rotational latency

. Head Positioning time

. Tiansfer rate

' Sectors per track

' kacks per cylinder

In addition, the behavior of various caching strategies within a disk

drive can be studied for their affect on device throughput'
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7.1 A Zero Latency Disk

If the above parameters are adjusted for maximum performance, a
zero-latency pseudo-disk drive results. It is similar in effect to a mem-
ory based file system l22lin that physical I/O operations are replaced
by access to RAM memory. Three experiments were run to determine
the impact of such a device in a Unix environment: building the ION
source, copying a 2 megabyte ûle, and database-like accesses involv-
ing widely scattered I/O operations. The latter consisted of 4000 single
sector reads uniformly distributed over a disk partition of 32768 sec-
tors. All tests were conducted on an idle workstation. The pseudo-
disk experiments differed from the real disk case by moving all the
executable images, source files and temporary file storage onto the
pseudo-disk.

Operation Real System lmprovement

Build ION-Real Disk
Build lON-Pseudo-Disk
Copy File-Real Disk
Copy File-Pseudo-Disk
Random Access-Real Disk
Random Access-Pseudo-Disk

156.7

t26.6
11.5
7,2

67.7
8.1

81.2
81.0
0.0
0.0
0.1
0.1

28.2
27.7
r.6
1.6
4.2
2.7

1.2

1,6

8.4

Table 2. Real disk v. pseudo-disk performance. Time measured in
seconds.

The results indicate that this type of pseudo-disk is not very practi-
cal for single-user operations involving sequential file access. The
readahead/write-behind strategies employed in Unix work exception-
ally well when the CPU performs some processing of the data between
I/O accesses. A better improvement is seen when only minimal pro-
cessing occurs, as in the file copy. For random behavior, the pseudo-

disk is seen to behave significantly better than a conventional disk
drive. Further study is necessary to compare such results when multi-
ple users are involved, for example, on a file qystem server. When re-
quests for sequential file access occur from multiple sources, it is pos-

sible that the resultant behavior more closely resembles scattered
accesses as requests are intermixed.
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8. AvailabilitY

ION is available for experimental research use. Interested parties

should contact the author.

9. Conclusions and Future Work

ION is far from being a completed project. The qystem is evolving as

it accommodates additional peripheral devices and application func-

tions. IoN has proved to be a flexible tool for experimenting with new

hardware, r.próiuly given its nonintrusive (to the host workstation)

development environment.
There are several additional features that are necessary to improve

the utility of ION. Dynamic task definition, implemented either

through ân interpretor or by using down-loaded compiled code, would

simffi the devãlopment process. A graphical interface, instead of the

in-line description iungoug", would also be a more intuitive task and

queue description mechanism and would be less efror prone. work is

underway to construct an object repository for storing various size in-

termediate and long-lived data objects. It will be accessible from both

internal and external ION applications.

10. Appendix-What is SCSI?

SCSI, the Small Computer System Interface, is a protocol definition

for connecting procesiors, disk drives, printers and other devices. It is

a high-level interface that expects a significant amount of intelligence

within the controller associated with each device. This is in sharp con-

trast to other disk interfaces (e.g., SMD) where individual devices typ-

ically respond only to control signals, and all programmed intelligence

resides in the host controller. Up to 8 devices can exist on a single

scsl bus, each taking a fixed SCSI device identifier number. Most

hosts insist on being ãevice 7. Each device can be composed of up to 8

independent subdevices using a logical unit number (LUN) facility.

However, few devices and operating system implementations support

this feature. The maximum bus length is about 20 feet, although a dif-
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ferential bus specification also exists which permits a total bus length
of 80 feet.

I0.I SCff Devices, Commands and Phases

SCSI devices are typically classified as either initiators or targets, al-
though these roles need not be permanent. As the names imply, an
initiator (usually the host processor) starts an operation by arbitrating
for the SCSI bus and selecting atarget device (such as a disk drive) to
respond to its request. All further action is controlled by the target
device which indicates its intentions by changing the SCSI bus phase.

A facility known as disconnectlreconneu allows better utilization
of the SCSI bus. If a command involves a relatively long delay before
requested data will be available, the target can disconnect from the
SCSI bus, making it available for other targets, and reconnect when
the data are ready. Such delays are normally encountered during phys-
ical head repositioning on disk drives. The initiator informs the target
of its ability to accommodate this behavior during a message exchange
before the actual command begins.

Six phases are defined by the SCSI specification to coordinate
transmissions between the initiator and the target. The terminology of
in and out used below is always with respect to the initiator. All phase
changes are controlled by the target.

The target is requesting a multibyte command se-
quence that defines the desired operation.
The target is returning a single status byte to the ini-
tiator indicating the outcome of the command.

message in The target is sending a control message to the initia-
tor. Messages are transmitted to indicate parity error
detection, command completion and identification of
sub-units within a target.

message out The target is requesting a message from the initiator.
This phase is usually generated in response to a con-
trol signal (attention) asserted by the initiator.

command

status

data in

dan out

The target is instructing the initiator to begin accept-
ing data as a result of the command.
The target is requesting data from the initiator, as de-
scribed by the command.
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10.2 Whither SCSI?

The next generation of scSI, scsl-2, is a mostly upwards compatible

change with many optional SCSI-I commands and messages becoming

manJatory. The significant improvements involve the width of the

data path and the cycle time for each individual transfer on the bus.

SCSiI has an 8 bit data path with a minimum cycle time of 200

nanoseconds yielding a maximum throughput of 5 mbs. SCSI-2 can

use optional iecondary cables, providing 16 ot 32 bit transfers. In ad-

dition, the minimum transfer cycle time is reduced to 100 nanosec-

onds. Hence, the maximum throughput is 40 mbs. SCSI-2 peripherals

and controllers are beginning to appear on the marketplace'

scsl-2 also provides a mechanism for command queueing, where

an initiator can send multiple commands to a target, allowing it to ser-

vice these requests in a device specific optimal ordering. A further fea-

ture allows a target to inform an initiator of a change of condition,

even if the initiator does not have a command pending with the

device. This is instrumental in returning error conditions such as

device off-line which formerþ required polling of the target.
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