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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical Commission)
form the specialized system for worldwide standardization. National bodies that are members of ISO or IEC
participate in the development of International Standards through technical committees established by the
respective organization to deal with particular fields of technical activity. ISO and IEC technical committees
collaborate in fields of mutual interest. Other international organizations, governmental and non-governmental, in
liaison with ISO and IEC, also take part in the work.

In the field o SO/IEC JTC 1.
Draft International Standards adopted by the joint technical committee are circulated to national befies for voting.
Publication @s an International Standard requires approval by at least 75 % of the national bodies-cas}ing a vote.

International Standard ISO/IEC 14756 was prepared by Joint Technical Committee ISOMEC JTC|1, Information
technology, [Subcommittee SC 7, Software engineering.

Annexes A to D form an integral part of this International Standard. Annexes E and-F are for information only.
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Introduction

In both the planning and using of data processing systems, the speed of execution is a significant pr
property is influenced greatly by the efficiency of the software used in the system. Measuring the s
system as well as the influence of the efficiency of the software is of elementary interest.

© ISO/IEC

operty. This
peed of the

In order to measure the influence of software on the time behaviour of a data processing system it is necessary to

measure the time behaviour of the whole system. Based on the metrics of the measurement procedure
this standard it is possible to define and to compute the values of the time efficiency of the software.

It is important that time behaviour characteristics are estimated in a reproducible way. Therefore It IS ng
use human users in the experiment. One reason is that human users cannot reproduce longer phases
usage several times without deviations in characteristics of usage. Another reason is that it would-bé td
to carry out sych experiments with human users if the job or task stream comes from many_ users. T
emulator is us¢d which emulates all users by use of a second data processing system.

This means that measurement and rating of performance according to this InternationalrStandard needs
tool is the emdilator which shall work according to the specifications of this standard., It has to be prog
emulator used|actually fulfils these specifications.

All relevant details of this experiment are recorded in a logfile by the user.emulator. From this lodfil
which describg the time behaviour (for instance response times and throughput values) can be com
these performance values the software efficiency rating values will be computed.

Not all of thesp values are always necessary to carry out a measurement and rating procedure. For

proposed in

t possible to
of computer
0 expensive
herefore an

atool. This
ven that the

b the values
buted. From

nstance if a

simple worklogd having only a few interactive task types or only a\simple sequence of batch jobs is used, then only

a small subset of all terms and values which are defined is required. This method also allows the me
rating of a large and complex computer-based software system (CBSS) processing a complex job or
which is gendrated by a large set of many different users. As far as it is necessary the definit
mathematical ferms. This is in order to obtain an exact\mathematical basis for the computations of

and rating vallles and for checking the correctness_of‘the measurement run and rating steps as we
(statistical) sigpificance of the performance values and rating results.

h measurement consists of the*calculated performance values. These are throughput
values. The final result of perfermance assessment of a CBSS consists of the rating
comparing the calculated-performance values with the user’s requirements. In addition
rate the performance values of the CBSS under test by comparing them with those of
hnce having the samethardware configuration but another version of the application prog

lity).

The result of
execution timg
are gained by
- if desired - to)
CBSS (for inst
same functiong

The result of the rating procedufe is a set of values, each being greater than, less than or equal to 1.

values have the meaning,oft'better than", "worse than" or "equal to" the defined requirements (or the pr

under testiused as a reference). The final set of rating values assesses each task tyf
tely inthe-workload.

Vi

asuring and
task stream
ons include
performance
Il as for the

values and
alues. They
t is possible
a reference
ram with the

The rating
bperties of a
e which are

iyered on the
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Informa

tion technology

of computer-based software systems

Section

1 Sd
This Interna
may be mes
terminals, o

A CBSS ing
realize the d

1: General

ope
tional Standard defines how user oriented performance of.computer-based software sy

sured and rated. A CBSS is a data processing system as if'is seen by its users, e.g. by u
as it is seen by operational users and business users.at'the data processing center.

ata processing functions required by the users orwhat may influence to the CBSS'’s time

This Intern

may be part of a system or may be the main subject 0f'a test. The method defined in this Internatio
not limited tp special cases like classic batch or terminal-host systems, e.g. also included are client
or, with a brpader comprehension of the definition’of ‘task’, real time systems. But the practicability g
limited by the expenditure required to test large, environments.

This Intern

measuring and rating these performance values. The specified performance values are those whid

execution s

The user or
transaction,
evaluator. W

ional Standard is applicable for tests of all-tihe constrained systems or system parts.

ional Standard specifies the Key figures of user oriented performance terms and specifi

eed of user orders (tasks);"namely the triple of:

execution time,
throughput,
timeliness.

fers, subseqguently called tasks, may be of simple or complex internal structure. A task
process:or a more complex structure, but with a defined start and end depending on th
hen.evaluating the performance it is possible to use this International Standard for mea

— Measurement and rating of performance

stems (CBSS)
sers at various

ludes hardware and all its software (system software and application software) which is needed to

behaviour.

Also a network
nal Standard is
berver systems
f tests may be

s a method of
h describe the

may be a job,
e needs of the
suring the time
nse times.

behaviour W

it teference to business transaction completion times in addition to other individual respq

The rating is done with respect to users requirements or by comparing two or more measured systems (types or

versions).

Intentionally no proposals for measuring internal values, such as:

utilisation values,
mean instruction rates,
path lengths,

cache hit rates,
queuing times,

service times,
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are given, because the definition of internal values depends on the architecture of the hardware and the software of
the system under test. Contrary to this the user oriented performance values which are defined in this International
Standard are independent of architecture. The definition of internal performance values can be done independently
from the definition of user oriented performance values. They may be used and can be measured in addition to the
user oriented performance values. Also the definition of terms for the efficiency with which the user oriented values
are produced can be done freely. In addition this International Standard gives guidance on how to establish at a
data processing system a stable and reproducible state of operation. This reproducible state may be used to

measure other

performance values such as the above mentioned internal values.

This International Standard focuses on:

ap

tu
h

g
This Internati

remote terminal emulator (RTE) - of user interactions with a data processing system. Itjisithe guideline

measuring ang
with the requir
also a guidanc

This Internatio
behaviour wheg
measurement
computing the

This Internatio

ho
O
0
O

It specifies:

ho
ha
ho

This Internatio

evi
de
bu

syqrpm software:

plication software;

n-key systems (i.e. systems consisting of an application software, the system seftw
rdware for which it was designed);

neral data processing systems.

nal Standard specifies the requirements for an emulation (by a technical system -t

bd accuracy and repeatability of CBSSs with deterministic as well ag random behaviour g
e for implementing a RTE or proving whether it works according to'\this International Stan

nal Standard provides the guideline to measure and rate the performance of CBSS with 1
n the accuracy and repeatability is required. It specifies in‘\detail how to prepare and ¢
procedure. Along with a description of the analysis/of-the measured values, the f{
performance value and the rating value, are provided{

hal Standard also gives guidance on:

W to design a user oriented benchmark test using a:
transaction oriented workload,

batch oriented workload,

or transaction and batch mixed wotkload.

W to describe such a workload,
W to perform the measurement procedure,
W to rate the measured results.

nal Standard is of interest to:

pluators,

velopers,

yers((including users of a data processing system),

are and the

he so-called
for precisely

rating the user oriented performance values. It provides the guideline for estimating these values

f users. Itis
fard.

andom user
arry out the
ormulas for

sy,

Stef’integrators

of CBSSs.
NOTE 1

The field of application of this International Standard may be extended to include the following aspects.
Workloads fulfilling the specifications of this standard and having a sufficiently general structure may be used as standard
workloads. They may be used to measure and rate performance of data processing systems used in specific fields. E.g. a
standard workload for word-processing may be used to compare the time efficiency of different software products or
different versions of the same product running on the same hardware system. Such a standard workload may also be
used if always applying the same application software version and the same hardware to compare the efficiency of the
system software. When applying the same application software and workload to different systems, consisting of hardware
and system software, as normally sold by system vendors, the efficiency of the data processing systems may be
compared with respect to the application and workload used.
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Rating a software system without comparing to another can be done following the rules of this International
Standard by rating against user requirements. In case of comparing performance values developed through the use
of this International Standard, the comparisons depends upon equivalent functions in the compared systems. The
values are most useful when comparing different releases or platform versions of the same software system, or
comparing software systems which are known to have equivalent functions, or comparing hardware by using
software with equivalent functions. The values are not useful for comparing software systems which do not have
known equivalency.

To conform

to this International Standard the requirements in

subclauses 6.1 and 10.1 for descriptions of the configuration including the system under

est,

shall be fulfi

For results

subclauses 6.2 and 10.2 and annexes A and C for user emulation,
subclauses 6.3, 11, 12 and annex D for measurement procedures,
clauses 7, 14 and annex B for calculating performance values,
clauses 8, 9 and 15 for rating procedures

led.

bf a measurement in addition all requirements in this International<Standard shall be f

Lifilled and the

tests in 6.4 and - in more detail - in clause 13 shall be carried out successfullyywithout any ensuing failures. It is the

responsibilit
Internationa
the docume
party to attal

3 N

The followin
this Interna
publications
investigate
undated ref
maintain reg

ISO/IEC 144

y of the tester to submit proof of the results of the measurements done in accord
Standard. Therefore the tester should supply additional decuments of their own choic
nts requested in this International Standard, which are,suitable to repeat the measurer
n the same results.

rmative reference

ional Standard. For dated references, subsequent amendments to, or revisions of,
do not apply. However, parties té_agreements based on this International Standard are

brences, the latest edition of-the normative document referred to applies. Members o
isters of currently valid Intefnational Standards.

98-1:1999, Information technology — Software product evaluation — Part 1: General ov4

ance with this
b in addition to
nent by a third

g normative document contains provisions which, through reference in this text, constitute provisions of

any of these
encouraged to

he possibility of applying thelmost recent edition of the normative document indicaled below. For

ISO and IEC

prview.
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4

Definitions

For the purposes of this International Standard, the following definitions apply.

4.1 activit

y:

© ISO/IEC

An order submitted to the system under test (SUT) by a user or an emulated user demanding

the execution of a data processing operation according to a defined algorithm to produce specific output data from

specific input d
4.2

4.3

activity type:

chain:

ata and (if requested) stored data.
A classification of activities defined by the execution of the same algorithm.

One or more tasks submitted to the SUT in a defined sequence.

4.4 chain
NOTES
2

3
of chain tyy

The €|

4.5 comp

NOTE 4
machine-us
necessary

4.6 emuld
realized by a té¢

The npathematical symbol for the current number of the chain type is . The mathematical symbol for thg

type: A classification of chains which is defined by the sequence of tasks types:

mulated users submit only chains of specified chain types to the SUT.
esis u.

ter-based software system (CBSS): A software system running on a computer.

A CBSS may be a data processing system as seen by human.users at their terminals or
er-interfaces. It includes hardware and all software (system(software and application softw:
or realizing data processing functions required by its users.

ited user: The imitation of a user, with regard to the tasks he submits and his tim
echnical system.

total number

at equivalent
are) which is

e behaviour,

4.7 execytion time: The time which elapses between task submission and completion.
NOTES
5 In cage of a task is representing a batch job the execution time is the elapsed time for the completion|of the job. In
case of an |nteractive task the execution time, is\the response time (submit until complete response) of the tagk.
6 The reader should notify that the definition (and therefore the measurement and rating) of the begin ahd end of the
execution §me does not depend on the_task mode. In case of "NO WAIT* task mode for the following task|it is possible
and solved|by the method described in this Intentional Standard, that the execution time of the following task may overlap
one or morg preparation and exeeution times of subsequent tasks of the same emulated user.
4.8 mean| execution time: The mean value of all execution times of tasks of the j-th task typg which were
submitted with|n the rating-interval.
NOTE 7 The mathematical symbol is TyE (j) corresponding to the j-th task type.
4.9 mean| €xecution time rating value: The quotient (corresponding to the j-th task type) of the mean
execution timereferenee-vatte-anathe-meastretmean-execttiontime:
NOTE 8 The mathematical symbol is Ry (j) corresponding to the j-th task type.
4.10 mean execution time reference value: The mean execution time maximally accepted by the emulated
user. It shall be computed from the workload parameter set (see 9.1.1, 15.2.1 and clause B.1).
NOTES
9 The mathematical symbol is Tref () corresponding to the j-th task type.
411 observation period: The time interval, where the measurement procedure is observed for collecting

(logging) measurement results for rating or validation, consisting of the rating interval and the supplementary run.
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412 preparation time: The time which elapses before the task submission. The event of starting the
preparation time depends on the definition of the task mode of the following task. The preparation time value is the
random chosen representation of an distributed variable with a defined mean and a standard deviation. They
depend on the task type of the following task and the type of the emulated user generating the task.

NOTES

10 The preparation time starts with the preceding task completion of the same emulated user if task mode of the
following task equals 1, it starts with the preceding task submission if task mode equals 0, (see definition of task mode),
regardless whether the preceding task belongs to the same chain or to the preceding chain.

11 The mathematical symbol of the mean preparation time is h(i,j) with its standard deviation s(i,j) corresponding to the
i-th user type the j-th task type.

413 ratimg—intervat: Fhetme—nterval-of themeasurement procedure—fromthe—tmme—the—SUT reaches a
stable state |of operation to the time the measurement results are fulfilling the required statistical significance.

NOTE 1p The mathematical symbol of the duration is Tr.

4.14 relative chain frequency: The relative frequency of using the I-th chain type’by an emulated user of
the i-th type

NOTE 1B The mathematical symbol is q(i,/) corresponding to the i-th user type and_the I-th chain type.

4.15 remote terminal emulator (RTE): A data processing system realizing a set of emulated users.

4.16 stapilization phase: The time interval of the measurementprocedure when the RTE starts submitting
tasks until the SUT reaches a stable state of operation.

417 supplementary run: The time interval of the meaSdrement procedure from the time thg measurement
results fulfil the required statistical significance to the time when all tasks, which were submitted duiring the rating
interval, arelcompleted.

4.18 syqtem under test (SUT): The parts of the CBSS to be tested. All components which[ may influence
the SUT’s time behaviour shall be part of the SUT-and if the influence depends on some workload| this workload
shall be repfesented by the RTE too. Except if an~influence to the time behaviour is impossible or hot evident the
emulation of the parts beside may be omitted.

NOTE 1 The SUT may consist of hardware, system software, data communication features or application software or
a combipation of them. Testing a part of a system, means that all parts of the system, which may influence the time
behaviolir of the part to be tested, are’an integral part of the SUT, e.g. testing the time behaviour of one|host application
beside :rthers on the same host, the workload of all applications have to be defined and emulated by|the RTE with a
represeiftative workload parameter set.

4.19 task: The combination of:

- [a specific-activity;
— la demanded execution time, defined by a specific timeliness function;
- [a specific task mode.

4.20 task completion: Timely event when for a specific task the total output string or, in case of a set of
output strings, all parts are completely received by to the emulated user or another instance. If the task does not
submit an output to the user (i.e.: during the measurement: to the RTE) a functionality, producing an ,artificial
output®, indicating the task completion, may be added to the task for usage during the measurement.

NOTES

15 The time of task completion defines the end time of the preceding preparation time and the begin time of the
execution time of the following task.

16 The correctness of the received output is validated by checking the computational result of the task (see 6.4.3, and
in more detail 10.3.1 and 13.1).
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4.21

task mode:
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Indication of whether the user's preparation time begins immediately with the task

submission of the preceding task (value =0, i.e. "NO WAIT") or begins when the preceding task has been
completed (task completion) (value = 1, i.e. "WAIT").

NOTES
17 This
18 The

4.22

task submission:

is not standard usage mode of “Dialog” or “Batch” in UNIX based systems.

mathematical symbol of the task mode is M(j) corresponding to the j-th task type.

Timely event when the input string is completely submitted from the emulated user

to the SUT and the execution of the task may start, regardless if the SUT starts the execution immediately or not.
The task submission is also indicated by the time when the action of the emulated user for this tasks ends.

1 all oot bha daf

madLand m th
o o ot Ot e O ar ot

nnnnnnnnnnn tandar thao tacle cbhmicoion oh aacikrac b a
T TSI SO T IS STOTT ST OOy tic

vent, when

Following this
the SUT has r
receiving and i

NOTE 19

Return) or
happens t
characters
of the last

4.23 task t

thg
a q

the
NOTES
20
21

Emu

The

4.24 throu
tasks of a task

NOTES
22 The

23 Usu
supplemen
submitted.

4.25
and the throug

NOTE 24

the timeliness function;

throughput rating-value:

n < cl
T oo T ot iaar o,

bceived or interpreted the input string or when a receipt string, which may be send by.th
hterpreting the input string, is received by the emulated user.

cTTOSTTCT

Normally the task submission is defined internally by the submission of a special character
h character sequence at the end of the input string or at the end of several parts of the-input string
at the task submission event is defined by the submission of the last character of an spe
n a string. For a classic batch task the task submission may be defined by the submission of the
tring of the batch command sequence.

ype: A classification of tasks which is defined by the combination of:

P activity type, or
et of activity types which are all belonging to an identical timieliness function and task mo

e task mode.

lated users submit only these types of tasks to the’SUT.

mathematical symbol for the current number_of the task type is j. The total number of task types is

jhput: The rate (i.e. the average number per time unit with respect to the rating in
type submitted to the SUT.

mathematical symbol is B(j) eorresponding to the j-th task type.

ally throughput is defined by the rate of terminated tasks during a period of time. In order
ary run and not a theads run” in this standard, throughput is defined in this standard by the
Nevertheless the correct task completion is validated by checking the computational result of the t

The quotient (corresponding to the j-th task type) of the (actual
hput reference value.

The-mathematical symbol is RTH (j) corresponding to the j-th task type.

e SUT after

e.g. Carriage
. Also it often
ified number
ast character

de;

m.

terval) of all

to specify a
rate of tasks
Ask.

throughput

4.26
NOTE 25

4.27

throughput reference value:

time class:

The mathematical symbol is Bref (J) corresponding to the j-th task type.

A time limit, combined with a relative frequency corresponding to the ratio of th

The minimum throughput required by the set of emulated users.

e number of

tasks (of a specific task type) - with an execution time less than or equal to the corresponding time limit - to the total
amount of tasks (of that particular task type), used for comparison with the execution time of a task (of that

particular task
NOTE 26

is g7 (j,c) where j

type).

The mathematical symbol for the total number of time classes of the j-th task type is z(j) ;
is the current number of the task type and c is the current number of the time c

from 1 to z(j); the relative frequency is r1 (j,c) corresponding to the time limit g7 (j,c).

the time limit
lass, running
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4.28 timeliness rating value: The quotient (corresponding to the j-th task type) of the timely throughput and
the total throughput.

NOTE 27 The mathematical symbol is R7y (j) corresponding to the j-th task type.

4.29 timeliness function: A description of the user requirements with respect to the execution times of
tasks of a specific task type. It consists of one or more time classes. The relative frequency of the time class with
the highest time limit shall be 1.0 (i.e. = 100%).

NOTES

28 The timeliness function corresponding to the j-th task type consists of z(j) time classes, each time class consisting
of the pairs of numbers g7 (j,c) and rt (j,c).

29 Ap example of a timeliness function with 2 classes (z(j)) = 2) Is:

The conppletion of on-line transactions of a specific type have to be done within:
- |1,5 seconds by at least 90% of the transactions;
— 4,0 seconds by 100% of the transactions.

Up to 1p% of the response times may have more than 1,5 seconds but not more than"4,0 seconds;|response times
greater than 4.0 seconds are not accepted. Assuming the timeliness function is defined for a task type with the number
J =4 this would result in the following tabled timeliness function:

task type time class time class limit relative class frequency
j=4 c=1 g1 (4,1) = 1,5 sec rr(4,1) =0,9
j=4 c=2 g7 (4,2) = 4,0 sec rr(4,2) =1,0
4.30 timely throughput: Throughput of all of those tasks whose execution times are accepted with respect

to the timelipess function.
NOTE 3p The mathematical symbol is E(j) corresponding to\the j-th task type.

431 useér: A person (or instance) who uses .the’functions of a CBSS via a terminal (or| an equivalent
machine-usegr-interface) by submitting tasks and receiving the computed results.

4.32 user type: A classification of emulated users which is defined by the combination of:
— [the relative frequencies of the use of chain types;
— [the preparation times (meah.values and their standard deviations).

5 Abbreviations and symbols

5.1 Abbreviations

For the purpgoses of this International Standard, the following abbreviations apply.

CBSS computer-based software system
LAN local area network

RTE remote terminal emulator

SUT system under test

WAN wide area network
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5.2 Symbols

For the purposes of this International Standard, the following symbols apply.

ALPHA

B()

Bret (1)

c

@)

Confidence coefficient of mean execution time

Throughput corresponding to the j-th task type

Reference value of throughput corresponding to the j-th task type
Current number of a time class in a timeliness function

Half width of the confidence interval of mean execution time corresponding to the

© ISO/IEC

DELT

DELT

DELT

DIFF,

DIFF

DIFF)

E()

(k)

97 (.4
h(i,j)

An

Ag

As

JFin tasKk type

Required RTE precision indicator of mean preparation time. It is the maximally-ac
relative difference of the actual mean preparation time to h(i,j)

Required RTE precision indicator of chain frequency. It is the maximally’accepted
difference of the actual chain frequency to q(i,/)

Required RTE precision indicator of the standard deviations ofthe preparation ti
maximally accepted relative difference of the actual standard deviations of the pr
time to s(i,j)

RTE precision indicator of mean preparation time. Itds the relative difference of th
mean preparation time to h(i,j) that has occurred during the observation period

RTE precision indicator of chain frequency.dtis/the relative difference of the actu
frequency to q(i,/) that has occurred during the observation period

RTE precision indicator of the standard deviations of the preparation times. It is tH
difference of the actual standard deviation of the preparation time to s(i,j) that ha
during the observation period

Timely throughput corresponding to the j-th task type

Task type of the k-th task-in a chain of the I-th chain type

cepted

relative

es. Itis the
paration

e actual

hl chain

e relative
e occurred

Time limit of the ¢-th.time class of the timeliness function corresponding to the j-th task type

Mean preparation time
of the j-th task'type and corresponding to emulated users of the i-th user type

Current number of the user type
Curent number of the task type

Serial number of a task in a sequence of tasks
(‘the k-th task of a particular type in the observation period’ or ‘the k-th task ina c

hain’)

K@)
!

Lchain ( I)

Total amount of tasks of the j-th task type which were submitted within the rating

Current number of the chain type

nterval

Total number of tasks in the chain of the I-th chain type (i.e. length of the chain type)

Total number of different task types
Task mode corresponding to the j-th task type
Total number of different user types

Total amount of emulated users to be emulated by the RTE
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Nyser (i) Total amount of emulated users of the i-th user type
P Total number of different timeliness functions
q(.l) Relative chain frequency;
the relative frequency of using the I-th chain type by an emulated user of the i-th user type.
rr (,c) Maximum accepted relative frequency of tasks
of the j-th task type whose execution times are less than or equal to the time limit g7 (j,c)
Rme () Mean execution time rating value corresponding to the j-th task type
Rty () Throughput rating value corresponding to the j-th task type
R () Timeliness rating value corresponding to the j-th task type
s@i}) Standard deviation of the preparation time
of emulated users of the i-th user type and of tasks corresponding, to-the j-th task type
to Start time of the RTE, begin time of the stabilization phase
t Begin time of the rating interval
t1ingd Begin time of the individual rating interval of a specific_ emulated user
to End time of the rating interval,
begin time of the supplementary run
toirda End time of the individual rating interval,
begin time of the individual supplementary-run of a specific emulated user
t3 End time of the supplementary run
t3ingd End time of the individual supplementary run of a specific emulated user
ty End time of the latest ending-individual supplementary run
te7| (G,K) Execution time
of the k-th task (of the j-th task type) which was submitted within the rating intefval
Tmve () Mean execution.time corresponding to the j-th task type
Tvir Mean duration of the individual rating intervals of all emulated users, i.e. the mgan of all
Tring values
Tr Duration of the rating interval from t; to £, .
TrInd Duration of the individual rating interval of a specific emulated user from tzjng tp tojng -
TrEf () Reference value of mean execution time corresponding to the j-th task type
u Totatmumer of differentthammtypes
w Total number of different activity types
z(j) Number of time classes of the timeliness function corresponding to the j-th task type
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Section 2: Principles of measurement and rating

6 The

6.1

measurement

Configuration requirements

© ISO/IEC

A CBSS to be measured shall consist of a specified configuration of its hardware, its system software and

Liba barchaior caoaibalnantatlinalidinantaraanmnantiane of oo by lia o

ents and the

application sof
used WANS ar

All the stored
shall be descri

None of the co
measurement.
tester shall su
in addition to t
by a third party

6.2 User

6.2.1 Rand

In reality, hum

preparation times, randomly changing sequences of tasks;”etc.). This influences the SUT and resulf

queuing probl
transactions o
but shall be de

mg

re

6.2.2 Rem

The real users

b

AL Atk haovd
vwarcTrar arierrara

d LANSs) and all software components shall be specified in detail.

mraRente-fiaelidina—tatak B faona of b haord
WwaArCCoOTMTPOTTCT It S (e raumm g Tt TC UTmT e oS ot

ata required for correct work of the SUT (i.e. data files, content of a used data*base 9
bed in detail.

mponents shall have any changes or special modifications with respect to getting better
Because of the responsibility of the tester to submit the results of the ‘measurement
ply additional documents of the configuration (hardware, software, intefnal data) of theil
e documents requested in this International Standard, which are sulitable to repeat the m
to attain the same results.

emulation

om user behaviour

ems. Therefore, users' behaviour shall not be described by fixed sequences of
process starts (which have a fixed preparation time before task initialisation and simila
scribed by statistically significant properties. This yields the following descriptive values e

ban preparation times and its standard deviations;
ative frequencies of the task.types.

bte terminal emulator

10

&
<€

submitting tasks.and receiving computational results, are connected to a CBSS (see figy
tasks
- !
X user 1
! user 2
terminal lines, ——
CBSS or tANTWAN,—
or other network ——
I .
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D e > |
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4
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Figure 1 O CBSS in real operation
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to proof the
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jobs, tasks,
I properties)
g.:

re 1).
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The group of real users of the SUT shall be emulated by use of a remote terminal emulator (RTE). This RTE shall
be connected to the SUT via the real LAN or WAN and the real terminal connection lines. The RTE is driven by the
workload parameter set (see 6.2.3). The RTE emulates each user separately and in a real time mode (see figure 2).

The chain s
parameter §
necessities
values and
realized. Dd
separate da

6.2.3 Workload parameter set

The set of
parameters.

tasks
D [RRRECEEEERREE |
— terminal lines - lat workload
i m r
CBSS — or LAN/WAN, 7] emulato parameter
— or other network—|  System et

i
i
------------- Rl S
computational | W
results

|

| :
| | |
3 e RTE )
[ SuT T (set of emulatédiusers) —

Figure 2 O CBSS in measurement

equences are random, reflecting the relative frequencies‘of the task types as defined i
et. For special cases this task stream may contain\fixed sequences of chains, dep

Standard deviations of the preparation times, as.defined in the workload parameter se
tails of the RTE functions are described in @ahex A. The RTE shall be implemente)
la processing system. It shall not be implemented by a program running on the SUT itselff

emulated users and their work in, relation to the SUT shall be classified and describ
The set of parameters is:
number of user types and.number of emulated users of each type;
task types, each including:
O activity type,
O timeliness fanction,
O task mode;
submitteeby the emulated user;
chain types arranging the defined sequence of the task types;
relative frequencies of submission of the chain types by each user type;

n the workload
ending on the

pf the function of the application software. The preparation times shall be varied randonly . The mean

, shall also be
d by use of a

bd by a set of

" . 1 bl o " ! Lol s TN [ £ 1
mcarr pJgrepygarativnm tmic valuts difu ticint stdliudalu utviatluns Ul dilf tdsR 1ypPJTo TUT T©T4AllT UStT

The detailed description of this parameter set is given in 10.2 and annex C.

6.2.4 Parameter set for proving the accuracy of the user emulation

The user emulation shall be proved by a set of described parameters which are:

the required accuracy of the RTE’s time behaviour (see 13.2);
the required statistical significance of the measurement results (see 13.3).

type.

11
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6.3

6.3.1

The measurement procedure

The time phases of the measurement procedure

The measurement procedure consists of three basic time phases:

— stabilization phase,

rating interval,

— supplementary run,

as shown in figure 3 and the

© ISO/IEC

ol
which consists

eTvation period
of the rating interval and the supplementary run.
««——— observation period ———»:

istabilizationg
phase

rating

ésupplementary
interval :

run

< Y
N »

>
»

gt

The measurer
emulated user
operation (e.g
procedures if g

When the system has reached the stable state‘of operation the rating interval starts. The task submis

performed acc
rating. Its dura

At the end of t
the workload p

RTE shall comtinue submitting” tasks until all tasks, which had been submitted within the rating

completed. Th
The influence
on those whicH

The phase fro
For this period

I : > time
RTE [y
Start

RTE
Stop

.tl iZ l;3

Figure 3 O Phases of the measurement procedure

nent begins with a stabilization phase. At the beginning of this phase the login proce
S may be performed. The stabilization phase is also needed to bring the SUT in a st

because of the effects of caches),;During this stabilization phase the tasks (exce
ny) should be submitted according ta'the workload parameter set (see 6.2.3).

prding to the workload parameter set. Each task submitted during this phase is taken intg
ion has to be chosen appropriately to the application which is represented by the softwar

he rating interval the RTE shall not be stopped yet. It shall continue submitting tasks as
arameter set. It shallN\only be stopped when the supplementary run is finished, which mg

s is necessary.for achieving the same (statistically) influence over the performance of all
bn the performance shall be the same on those tasks which are running during the ratin
are stillfunning during the supplementary run but which were submitted during the rating

M thé beginning of the rating interval to the end of the supplementary run is the observ
thie’measurement procedure is validated by checking all tasks submitted during this peri

Jures of the
ble state of
pt the login

sion shall be
account for
b under test.

specified by
ans that the
nterval, are
rated tasks.
g interval as
interval.

ation period.
bd (see 6.4).

P FETTEN a-th

The measure
rating interval.
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Writing a measurement logfile

The required history data of all tasks which are submitted during the observation period shall be recorded in the
logfile. The main information is:

the identification of the emulated user who submitted the task;
the task type;

the task submission time stamp;

the task completion time stamp

Further details are given in 12.1 and annex D.

6.3.3

Results pro
results, deli
include the
doubt.

6.4 Pr

6.4.1 Pr
The output

been satisfa
CBSS are 1
measureme

Further detg

6.4.2 Pr
The actual
deviations
workload p4
shall not exg
imprecision
Further detg
6.4.3 Pr

The statistio

Wlliting a computation result file

luced by the tasks running on the SUT shall be stored during the observation-pefiod in
ered by the SUT, may be stored shortened or compressed by the RTE. The coemputation
otal computed results or information that allow the proof of the correct computation of th

pof of validity of the measurement

pof of the CBSS's computational correctness
bf all tasks which were initiated and terminated within(the observation period shall be prd

ot equal to the defined correct results, the proaf.of the CBSS’s computational correct
nt is invalid.

ils are given in 13.1.
pof of the remote terminal emulator'siaccuracy

values of mean preparation_times, relative chain type frequencies and preparation
hall be computed from the_lagfile. These actual values shall be compared to the values
rameter set. The differences between the actual values and the defined values shall be
eed the defined relative limits DELTA (e.g. DELTA = 1%). Otherwise the measurement i
pf the RTE, in which.Ccase the measurement shall be repeated using a more precisely wo

ils are given in 13.2
pof of the measurement result's statistical significance

al significance of the measurement results shall be tested. With the sequential test (so-

theory of ma
not exceed

thematical statistics) the statistical error of the measured mean execution time shall be

the RTE. The
result file shall
e SUT without

ved for having

ctorily completed, and having produced correct computational results. If the computational results of the

hess fails. The

time standard
defined in the
computed and
5 invalid due to
'king RTE.

called from the
proven. It shall

given level, defined by ALPHA and d(j) (see 10.3.4).

Further details are given in 13.3.

NOTES
31

The method of this standard makes no effort to get measurement runs which are reproducible in minute detail

because this does not correspond to the situation in the reality of data processing. But with respect to the macroscopic
(i.e. the statistical) properties the method is precise. This is ensured by use of statistical tests and the proof of the CBSS's
correct work.

13
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32
others):

technical reasons like changing disc spindle resolutions;

small differences of the clock frequency;

random command and data collisions on buses, channels and networks;
random occupation of cache stores.

© ISO/IEC

Whenever a data processing system is working the details of time behaviour are random. This is due to (among

Therefore the mean values which are calculated from measured response times of task (or jobs) differ randomly to a
certain extent if the measurement is repeated. This means that the mean values delivered by a measurement deliver
some uncertainties in themselves. Every mean value differs by a random amount from the unknown real value.

7 Calc

When calculat

in the logfile (3
shall be taken

7.1 Mea

For each task

7.2 Thro

For each task
interval.

7.3 Time

The timely thr¢
respect to the|
timeliness fund

Basi

8.1 User

ulation of the performance values of the SUT

ng the performance values listed in this clause, the values shall be computed from the d

nto account (see 6.3.1).

N execution time

Lighput

ype the average number of submitted tasks per time unit shall be computed with respect

ly throughput

defined timeliness function. It"shall be computed for each task type with respect to
tion of this task type and to.the‘rating interval.

C data for rating

requirements

The user reqy

irements are defined by specifying timeliness functions for all task types. The timelin

describes the flegquirements of time behaviour for the execution time of a specific task type. They are us

hta recorded

ee 6.3.2). To calculate these performance values, only the tasks submitted, within the rating interval

ype the mean execution time ("average") shall be computed with Tespect to the rating int¢rval.

to the rating

ughput is the average number of-all'jobs per time unit which have been completed within time with

the defined

pss function

pd for rating

the mean execution time, the throughput, as well as the timeliness.

NOTE 33

8.2

No application of a computer is useful in practice if it works too slow in view of user requirements. In order to
rate a CBSS with respect to its time behaviour it is necessary to describe the user requirements. This is done by using the
timeliness functions.

The reference environment for rating software efficiency

If in addition to the performance of a CBSS it is also planned to assess the efficiency of some parts of the software
then a reference environment shall be defined.

14
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8.2.1 Reference environment for assessing application software efficiency

A reference environment for assessing the efficiency of application software shall be defined. Essential parts of the
basic information for rating the efficiency are the (reference) hardware, on which the software is intended to be
used, and its (reference) system software, e.g. the operating system, compiler type and module library, network
system, etc. All components shall be defined and listed in full. The software configuration and installation
parameters shall be clearly specified and documented, including all system software components which may have
influence on the SUT’s time behaviour. This comprises the reference environment.

The calculated results of the application software efficiency always refer to the reference environment used.

NOTE 34 Software is generally designed with respect to a computer of defined type and size which is assumed to be
available to the user For example when constructrng a bookkeepmg program the desrgner has to consrder if it will be run
on a smp ) e, a mainframe,
or any ather type of data processing archrtecture The computer mtended for use greatly influences the)software design;
an appligation software package is always designed for a particular hardware configuration and its systemsoftware.

8.2.2

be defined gnd listed in full detail, analogously to 8.2.1.

The calculated results of the system software efficiency always refer to the reference environment used.

9 Rating the performance values

9.1 Cagmputing the performance reference values

9.11 Méan execution time reference values
The reference values for the execution times Tresult from the user's time requirements, defined t¢ be the mean
values of th¢ timeliness functions. Mean exeeution time reference values shall be computed for all tagk types.

NOTE 3p Example: If 90% of the tasks are allowed to have an execution time of 1.5 seconds and thg remaining 10%
are alloyed to have an execution timie of 4.0 seconds, then the reference value for the mean execution time is:

0,9x15sec + 0,1%4,0sec = 1,75 sec
9.1.2 Throughput reference-values
The referenge values for the throughput result from the hypothetical situation that the mean executipn times of the

SUT (for eqch tasktype) exactly equal the corresponding mean execution time reference valups (see 9.1.1).
Throughput [referenee values shall be computed for all task types.

9.2 Computing the performance ratng values

9.2.1 The mean execution time rating values

The mean execution time reference value divided by the measured mean execution time value produces the mean
execution time rating value for each task type.

9.2.2 Throughput rating values

The measured throughput divided by the reference throughput produces the throughput rating value for each
task type.

15
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9.2.3 The timeliness rating values

The value of timely throughput of a task type divided by the measured (total) throughput of this task type produces
the timeliness rating value for each task type.

9.3 Rating the overall performance of the SUT
The rating values for the throughput, the mean execution time and the timeliness shall be calculated separately
from a measurement and computed for each task type.

NOTE 36 The rating values for throughput, mean execution time and for timeliness are not or only slightly correlated.
Therefore they cannot be computed one from another.

Whenever ong of the throughput rating values is less than 1 then the throughput of the related(task type is too
weak.

Whenever ong of the mean execution time rating values is less than 1 then the mean executien time df the related
task type is toq long .

Whenever ong of the timeliness rating values is less than 1 there are more executiop-times which are tpo long than
is acceptable With respect to the user's requirements which are defined by the timeliness functions.

NOTE 37 It could happen that the mean execution time rating value for the (related task type is sufficigntly high, the
timelines rpting value is less than 1. In this case, although the mean exetution time is as required, fhe task type
concerned would then carry out excessive "runaway" execution times.

16
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9.4 Assessment of performance

94.1 The steps of assessment process

The steps for an assessment are shown in figure 4.

assessment
start

Measurement Logfile
from RTE run

——— fot
. correct debug SUT's
bemeiaaaae »{ prove SUT’s correct work t—————p sof?ware
lcorrect
insufficient
' accuracy improve
------------ » prove RTE's accuracy (————p» F\E)TE
: sufficient
: accuracy
. not
. prove statistical significance| significant lengthen
Fmmmm e e — P . .
. of measured values rating interval
lsignificant
compute performance.yaldes
"""""" B, E, Tue
repeat
l measpirement
computate rating values
R, Rue, Rm
successful
assessment
Figure 4 — Assessment of a CBSS with respect to its performance

9.4.2 Weak reference environment

If, one or more rating values of the reference environment (see 8.2) remain less than 1, the internal speed of the
hardware of the chosen configuration (see 8.2) is too weak, regardless of whether several efforts had been made to
improve the efficiency of the tested software. Therefore, to improve the situation, a faster computer may be used as
a reference and a new "reference environment” may be established. In this case the measurement and rating
values obtained using the previous reference environment shall be ignored.

17
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Section 3: Detailed procedure for measurement and rating

10 Input requirements

10.1 The SUT description

10.1.1 Specification of the hardware architecture and configuration

© ISO/IEC

The propertieg of the hardware shall be described comprehensively. The specification of hardware
should contain|a description of:

architecture

— single point of processing system or the client server system, including the type" of communication

negtwork;

— th¢ main processor unit(s), for instance mono processor system or multi proeessor system
muilti processor architecture etc.;

— the front-end processor(s), if used;

— the types of end user communication interface(s), for instance alphanumeric/graphic termin
input/output, etc. .

— manufacturer, distributor;

— CRU model, serial number, date of shipping;
— number of processors;

— size of main memory (Mbytes);

— type, size of instruction/data cache;

— copfiguration of I/O-channels;

— sefondary storage configuration
(i.¢. number of disks, type, controllers, disk cache type and size, solid state disks - if used, 4

— mass storage (optical, magnetic, etc.);

vith type of

Al, voice

itectures):

tc.);

s they may

Dftware (e.g.

oaboratina cvctam

- thé-eperating-syster:

— additional system components as far as used (i.e. job scheduler, software cache for disks, etc.);

— the compiler for each used programming language; additionally, if used, the run time sys
mode, used optimizer options and data compression features shall be listed;

— the data base system (if used);

— the data configuration, as far as it may influence the accuracy (repeatability) of the measur
be listed,;

— the network software as far as used.
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10.1.3 The application programs

All programs used by the emulated users shall be presented on a digital storage medium. These programs shall be
ready for use on the SUT (either as an executable program or the complete source code).

10.1.4 Additional software required for the measurement run
A list of all additional software components or standard system software modules (for instance system programs,
libraries, compilers, data base systems, etc.) which are needed to run, shall contain their exact name, version,

release, distributor or manufacturer.

10.1.5 The stored data

All data, which are needed by the programs for their correct working or which have any)influence on the
performance of the SUT so long as they are not contained in the descriptions of the tasktype [input, shall be
presented in their entirety on digital storage medium. They shall be formatted ready for immediate uge and storage
on the SUT without any further modification.
NOTE 3B Examples of such data can be:

— |data files, required for a correct computation;

— |output data files used by the programs, which are not empty when starting the test;

— [the basic data of a data base system.

10.1.6 Additional information for proof

supply addifional documents of his own choice in addition®to the documents requested in this International

It is the responsibility of the tester to submit the results of the imeasurement to proof. Therefore ]ge tester shall
Standard, which are suitable to repeat the measurement by ah.external person/group to attain the same results.

10.2 Tlhe workload parameter set

The values for the set of parameters described in'6:2.3 shall be defined as follows:

— [The total number of user types, I7;
— [The total number of emulated.users Nyser (i) of each usertype i =1, ..., n;
— [The total number of activity'types w;

— |The total number ofdimeliness functions p;
this value may differ)from the total number of task types, if different task types are defined with the
same timeliness.function;

— [The total number of task types m,

- |The mean'value of preparatlon time and their standard dewatlon h(i,j) and s(i,j)
of each-tiser type / = ,hand each tasktypej=1, ..., m

— |The total number of cham types u.

Further shall'be described the aciivity types (see 10.2.1), the acuvity mnput vanatons (see 10.2.7), the task types
with timeliness function and task mode (see 10.2.3), the chain types and their relative frequencies (see 10.2.4); (for
the preparation times’ mean values and their standard deviations see 10.2.5).

10.2.1 The activity types

Each activity type (i.e. activities with a similar algorithm of execution) and its input shall be described uniquely.

The definition of the begin and the end point of a specific activity type may be chosen depending on the execution
time the tester are interested in.
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The activity type may consist of several sequential steps, each with a small preparation time and each with a small
amount of execution time. In this case the input of all characters and the processing of the whole sequence shall be
defined as one activity with internal steps. If defined in this way, the sum of all partial preparation times shall be
defined as the preparation time in the sense of this International Standard and the sum of all partial execution times
shall be defined to be the execution time in the sense of this International Standard. (Example: Each single keyed
character of a field is processed separately with some leading "keying time", the contents of the field is processed
after keying in the last character.)

Normally parallel tasks are seen as to be submitted by different, parallel acting emulated users. In some special
cases the system performance of a CBSS which uses one or more sets of parallel steps submitted by one emulated
user is to be measured. This means, that at a defined point, steps are forked from a single path of execution to
parallel paths and Iater on are synchronlsed again to the earller path. Also such CBSSs can be measured by use of
an RTE as defin able step of the
SUT itself. In this case not the single steps but the whole structure (the "network of steps") shaII be defined as one
activity type. The reference values and the rating values (of the throughput of the SUT, the preparation time and the
img values) in the sense of this International Standard shall be defined as the values-refefring to such
activity types. [There is no disadvantage that the RTE specifications defined in this Internatiognal Standard bear no
functionality for doing the synchronisation. If interested in measuring and rating the mean_execution| time or the
timeliness of @ specific step inside the activity structure, this may be done additionally. and analogpusly to the
measurement and rating of specific task types described in this International Standard.

10.2.2 Actiyity input variation

The input to @ particular activity type may be varied for different tasks ‘0f-the same activity type, p.g. running
numbers in cage of opening accounts, access to different data elements, gtc. If there is any use of activity type input
variation, then fall rules of input variation shall be defined comprehensively-and uniquely.

10.2.3 The|task types with timeliness function and task mode

For each task fype the following list of information or values shall be defined:

— THe activity type including the input information which have to be submitted to the SUT ("ingut string"). If
variations of the input are required, see 10:2.2;

— THhe timeliness function consisting of:

[0 The number of time classes z(j)
of each timeliness function for-the task typesj =1, ..., m,

0 The time class limit gr (;c)
of each task type j = 1, .7, m and of each the time class ¢ = 1, ..., z(m),

O The relative frequéney rr (j,c) corresponding to
each task type+'=1, ..., mand to each the time class ¢ = 1, ..., z(m),

— THhe value of the‘task mode M(j) of each task type j = 1, ... , m. If synchronisation to differen{ preceding
tagks (steps)ds.needed, see 10.2.1

— THe correct.computational results of the tasks (see 13.1) of each task type.

Any variation df the.combination activity type, timeliness function and task mode shall result in a differgnt task type.
The variation dfinput of an activity type (see 10.2.2) should not result in different task types.
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The chain types and their frequencies

For each chain type the following values shall be defined where /is the current number of the chain type:

- The length of the chain Lcpain (1), i.e. the number of tasks which are contained in the sequence;

NOTE 39

For independent tasks a chain type of length 1, containing only one task type, is to be defined.

— The sequence in which the tasks of the chain shall be processed, represented by the numbers of the

For each ¢
Therefore it

task types:

f0,2), 11,2), ... ,f(1,K), ..., {1, Lenain () )

where f(l,k) is the task type of the k-th task in a chain of the I-th chain type.

is necessary to define the following n rows each having u values where n represents

user types gnd u represents the number of chain types:

for

for

i‘or
where q(i,])

NOTES

40 If
a certair]

41 Tl
always ]

This ma

10.2.5 P

For each ug
s(i,j) have tg

Fo

user type 1:
q(1,1)to q(1,u)

user type 2:
q(2,1)to q(2,u)

user type n:
q(n,1)to q(n,u)

type (the i-th user type) then q(i,/))has the value 0.

he sum of the relative frequencies q(ll) of all chaintypes /=1
00%. This is valid for all user types i =L)>.., n:

Zq(i,l)=

be used as a control for the g-values.

reparation times-mean values and their standard deviations

be defined./is the current number of the user type and j is the current number of the tas

user type 1:
h(1,1)to h(1,m);

hain type the relative frequency shall be defined. This shall be done separately fore

s the relative frequency by which the I-th chain typelis tised by an emulated user of the i-t

a chain of a certain type (the I-th chain type) does’not occur in the task stream submitted by an ¢

, U, submitted by a particul

ach user type.
the number of

h user type.

mulated user of

lar user type, is

er type the following list of preparation time mean values h(i,j) and corresponding standard deviations

K type:

S(Z;1)to s(1,m).

For user type 2:

h(2,1) to h(2,m),
s(2,1) to s(2,m).

For user type n:

h(n,1)to h(n,m),
s(n,1)to s(n,m).
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10.3 Input for measurement validation

10.3.1 Correct computation results

For all task types the correct results, including changes on the stored date (see 10.1.5) shall be specified and listed
or stored on a digital storage medium in order to be able to prove the SUT’s correct working.

10.3.2 Variation of input data and its resulting output

If there is any use of activity type input variation (see 10.2.2), then all modified results and or variations of task
output shall be listed, corresponding to the rules of activity type input variation comprehensively and uniquely.

10.3.3 Criteria for precision of working of the RTE

The following Jalues shall be stated as the criteria for a sufficiently precise working of the RTE (see™13.3):

(tHis is the maximum accepted relative difference of the actual relative c¢hain frequendies and the

(this is the maximum accepted relative difference of the preparation time’s actual mean values and the

(this is the maximum accepted relative difference of the preparation time's actual standand deviations
the defined values s(i,j) ).

10.3.4 Critgria for statistical validity of results

The following Jalues shall be stated as the criteria for statistical validity of the measurement results (see| 13.3):

- th¢ confidence coefficient ALPHA of mean execution time;

- th¢ m confidence intervals 2d(j) of meanceXecution times of all task types. It is recommendegd to choose
same relative value for the confidence interval for all task types.

11 The¢ measurement

Fundamentals|of the measurement)are specified in clause 6

111 Thg measurement procedure

The measurenjent procedure is carried out in the following 12 steps.

Step 1: Instal]_the SUT (including terminal network and other communication features). Its hardware, system
software and application software shall be checked to ensure that they correspond to the descriptions
specified in 10.1 (10.1.2 to 10.1.4).

Step 2: Install a RTE which is constructed according to the RTE specifications of this International Standard (see
also annex A) and which is proven to fulfil these specifications.

Step 3: Connect the SUT to the RTE using the data communication features used in step 1.

Step 4: Load the workload parameter set (see 10.2), the set of all input strings, and if necessary, also the
activity type input variation rules (see 10.2.1), into the RTE.

Step 5: Load the stored data (see 10.1.5) into the SUT.
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Step 6:
Step 7:
Step 8:

Step 9:

Step 10:

Step 11:

Step 12:

11.2

ISO/IEC 14756:1999(E)

Estimate the duration Tr of the rating interval.

Start running the RTE (this is time tp) and wait for the end of the "stabilization phase".

Start recording the logfile and the computation result file. For each task:

the log record shall be written to the measurement logfile (see 12.1 and annex D);

— the tasks' complete output shall be written to the computation result file (see 12.2, for use when

controlling the correct computation of the CBSS, see 13.1).

Start the rating interval, if the SUT has reached a stable state of operation (there is no requirement for the
duration of the ‘stabilization phase’ and different systems may have different duration). This is time f;.

If

atina tntargale’ ocnan 11 9
A= = == =y =y

Re

Alt
(su
unt

Th
CB

wmaotumdnadiial ¢ ol Pay
sing-individualrating-irtervals—s
cord the end of the rating interval at the time t> =t; + Tg.

hough the rating interval is finished, the RTE shall continue in full operation fat-the sup
bmitting tasks in the defined distribution for all emulated users according to the workload
il step 12.

sing ‘individual rating intervals’, see 11.2.

b end of the supplementary run is reached, when all those tasks-which were submitted
completed. The time is 3.

sing “individual rating intervals®, see 11.2.

NOTE 42 Those tasks, which are submitted within the-rating interval (i.e.: submission after tz
are taken into account for computing performance valdes-regardless of whether they are com
rating interval or in the supplementary run. Not included*in the rating process are those tasks, th
which fall into the supplementary run (i.e.: submission after t2 and before t3). Nevertheless all
were submitted within the rating interval or within*the supplementary run (i.e.: within the obs
submission after t7 and before t3) are required.for validation of the measurement (see clause 1

b recording of the logfile may be terminated, the logfile shall be saved. If no immedia
SS’s computational correctness has” been done, it shall be ensured, that the cc

computational result file have been saved.

Th

b RTE may be halted.

dividual rating interval

The use of $o called individdal rating intervals is a slight modification of the procedure described in 1
for shortening the duration\ef the rating interval.

NOTE 4
new chgin at a_cemmon moment t:. Also - coming to the end of the rating interval - the users typically d
chains
for achigving the stated values of the indicators DIFFy , DIFFs and DIFFq . Typically long rating intervals g

Thesbackground is, that - after finishing the stabilization phase - the emulated users typica

a common moment f2. In consequence the rating interval contains incomplete chains. This is dis

blementary run
parameter set)

before or at &>

and before t2),
bleted within the
e submission of
the tasks which
ervation period;

3).

te proof of the
ntents of the

1.1. It is useful

ly do not start a
b not finish their
advantageously
re needed.

Shortening the rating interval is possible as follows: If at the planed time t; (the end of the stabilization phase) the
actual task of an particular emulated user is not completed, then a later ‘individual rating interval begin’ t7jng for this
particular emulated user may be used in order to complete the current chain and to start a new chain. If at time £,
(the planed end of the rating interval) or t3 (the end of the supplementary run) the actual task of an emulated user is
not the last task of the current chain of this emulated user, then (for this particular emulated user) a later
‘individual rating interval end’ g, respectively later ‘individual supplementary run’ f3j,¢g may be used in order to
complete the current chain.
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The measurement procedure varies as follows:
Step 1to 8: Similar to ‘step 1’ to ‘step 8" in 11.1.

Step 9: Start an individual rating interval for each emulated user, if the SUT has reached a stable state

© ISO/IEC

of operation

(there is no requirement for the duration of the ‘stabilization phase’ and different systems may have

different durations). For each emulated user this is the individual time tzjnq .

Step 10:

Record for each emulated user the end of the rating interval at the individual time tojng = t1ing + Trind -

Although the individual rating interval is finished, the RTE shall continue in full operation for the
supplementary run (submitting tasks in the defined distribution for all emulated users according to the

workload parameter set) until step 12 (see below).

The €
were

{3ing -

NOTE 44 Those tasks, which are submitted within the rating interval (i.e.: submission after tjn
tping ), are taken into account for computing performance values regardless of whether they al

vl:thin the rating interval or in the supplementary run. Not included in the rating\process are thg
S
t

Step 11: nd of the individual supplementary run of each emulated user is reached, when all thgse

submitted by the particular emulated user before or at ;g are completed. Therindiv

bmission of which is in the supplementary run (i.e.: submission after tojng and before t3jng). N6
e tasks which were submitted within the rating interval or within the<supplementary run (i.
pservation period; submission after t1jng and before t3ing ) are required-forvalidation of the meag
ause 13).

Ol
C

Wher
the lo

Step 12: all emulated users have reached their individual time t3j;g.5the common time is f4. The

pfile may be terminated, the logdfile shall be saved.

If no
the cq

mmediate proof of the CBSS’s computational corréctrness has been done, it shall be €
ntents of the computational result file have been-saved.

The RTE may be halted.

If using individ
Th
10

TH
Ty

Th
du

The calculatior

THh
timpes of that(specific task type by the total number of occurrences of this particular task
were submitted in the set of individual rating intervals of all emulated users.

THe throughput (see 14.2) and the timely throughput (see 14.3) shall be computed individu

Jal rating intervals the following requirements shall be fulfilled:

e latest individual rating interval begifn-time t7j5¢ of any emulated user shall not differ b
0% of the mean rating interval Ty;g~from the earliest time t;j,g of any emulated user.

IR -

e maximum duration of ‘an individual supplementary run shall not exceed 150% of
ration of any individuahsupplementary run.

of the performancevalues varies in case of using individual rating intervals:

tasks which
dual time is

d and before
re completed
se tasks, the
vertheless all
B.. within the
urement (see

recording of

nsured, that

y more than

e maximum duration of an individual rating interval shall not exceed 120% of the mean rating interval

the shortest

e mean execution time Tye () (see 14.1) shall be computed by dividing the sum of all execution

type, which

ally for each

emulated user with respect to the duration of its individual rating interval Tgjng . The th
B. >late! S i = [ i Hlaalilla he | 11
emulated users.
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12.1
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Output from measurement procedure

Measurement logfile

This file contains all the logdfile records according to step 8 in 11.1. Each logdfile record contains the following
information for the corresponding task:

a serial number of the task within the observation period, arranged in chronological
regardless of which emulated user has submitted the task;

an individual identification of the emulated user which submitted the task (see note 45);

order from tz,

NOTES

45 F
the emu

46 I
transact
network

12.2 g

All computa
computation

NOTE 4
can be 4
RTE ve

stored f(T

proof of

the-tsertype-of-the-emtlateduserwhich-submitted-the-tasie
the type of the task;

the type of the chain to which the task belongs;

the serial number of the task within the chain;

the time stamp when the preparation time started for this task (see note 46). This time is

depending on the task mode;
the task submission time stamp (see note 46);
the task completion (see note 46).

Dr instance the user-identification, as used by the operating system, can be used as the individual
ated user

is recommended that the values for registered times® have a typical precision of 1/100 se
ons and timesharing commands. If there are other)classes of tasks (for instance informatio
or real-time functions) then proper values (which are‘typically shorter than 1/100 second) may be

omputation result file

tional results of the observation<period (rating interval plus supplementary run) shall b

the computed output submitted by the SUT to the emulated users has to be recorded (an
computation result file) for all the tasks submitted after t; or t1jhg respectively;

changes on the "stored data" (see 10.1.5), have to be recorded (and stored in the com
file) at 3 or afterthe latest t3j,g respectively.

i If the SUTis a large CBSS the computed output, which is submitted by the SUT to the set of
large amount of data and a problem may arise in storing this data. The alternate solution may be
fies each task response immediately to ensure it is correct. Only those outputs which are not

the computational correctness has failed.

result file. This file is used forontrolling the correct working of the SUT. This means thajt:

identical to the

task submission or task completion time stamp of the preceding task“of the same ¢mulated user,

identification of

ond for on-line
h transport in a
btated.

e stored in the

d stored in the
putation result

emulated users,
chosen, that the
correct may be

r feeding.an error analysis. But, if there doesn’t exist a correct output, the measurement is still pot valid, i.e. the
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13 Validation of measurements
Only when the measurements are successfully completed (i.e. after executing the steps 1 to 12 in 11.1 or 11.2) the
validation shall be carried out. It shall not be attempted before completion of the measurement.

13.1 Validation of the computational correctness of the SUT

The computation result file (see 12.2) shall be analysed. For all recorded tasks the results computed by the SUT
shall be compared to the defined correct computation results (see 10.3.1). This may be done by a validation
program. If all task's results were complete and proven to be correct then the measurement is acceptable with
respect to the correctness of the SUT. This includes that a measurement shall always start with the same data

configuration,
shall be the sal

NOTE 48

If the SUT app
evaluation sha

13.2 Val

13.2.1 Vali

The logfile sh
period shall b
differences for
are defined in
is given in the

If it holds that:
DIFF,

(sepal

then the accur
If the evaluati

improving the
measurement.
13.2.2  Vali

Analogous to

pxcept It the influence of the data configuration shall be tested. For instance the datal
Ime at each start.

See also note 47 in 12.2.

arently failed the evaluation shall neither be published nor rated. After correction of the f
| only be carried out with a new successful validation based on the new measurement.

dation of the accuracy of the RTE

ity test by checking the relative chain frequencies

hll be analysed. The relative chain frequencies of all‘those chains started during the
b computed. This shall be done separately for allsuser types and all chain types use
all these relative chain frequencies, as they are ceniputed from the lodfile, to the values (
the workload parameter set, shall be calculated. For the calculation use the formula of D
hormative annex B.4.1.

i,) < DELTA, (i)
rately for all emulated user types and for all chain types /),
hcy of the RTE with respeCct;to the chain generation is within the allowed tolerances.

bn provides results ef \minor RTE accuracy the evaluation shall neither be published noj
RTE an new evalyation shall only be carried out with a new successful validation based

ity test by‘ehecking the preparation times

13.21 the entries in the logfile have to be analysed for observation period with rg

ase content

Ailure a new

observation
d. Then the
1(1,), as they
IFFg , which

rated. After
on the new

gard to the
ulated. This

e submitted

preparation tinpes,, The mean values and the standard deviations of the preparation times shall be calq
shall be donewwwwmmmmwm

and completed during the observation period ). Then for all these mean values and standard deviations the relative
differences to the values h(i,j) and s(i,j), as they are defined in the workload parameter set, shall be calculated. For
the calculation use the formulas of DIFF, and DIFFs , which are given in the normative Annexes B.4.2 and B.4.3.

If there holds:

DIFF,(i,j) < DELTA,(i,j) and DIFF,(i,j)< DELTA(i,})

(separately for all emulated user types i and for all task types j),
then the accuracy of the RTE with respect to the preparation time generation is within the allowed tolerances.
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Otherwise the RTE does not work precisely enough and the measurement results are not acceptable. Therefore, a
new measurement using an improved RTE shall be carried out.

13.3

Validation of the statistical significance of the measured mean execution time

For each task type a test concerning the statistical significance of the measured mean execution time values shall
be performed.

NOTES
49

As shown in the note 32 in 6.4.3 the computed mean values of a measurement are not the real mean values. The

theory of mathematlcal statistics presents a tool to determine the amount of the p035|ble |nvoIved error. By use of a

mathemg
mean V4

which th
50 E

From thé¢

be ALP

The me3
words, t

Confidence

The con

specified.
ment the sequential test as specified in annex B.65shall be performed for each task

measure
examine
the mea
task type
the uppe

The dem
case, the

NOTE 5
values.
greater

he unknown real value is with a probability of 95% within the cited range.

fidence coefficient ALPHA is specified in 10.3.4. Additionally, the value d(j) for eac

lue (WhICh was computed from the measured values) to the unknown real mean value The co
always fefers to a so-called confidence coefficient ALPHA. ALPHA, if multiplied by 100, is the pereent

error of the determined mean value possibly is greater than the confidence interval.

ample of confidence interval and confidence coefficient:
measurement for the j-th task type TvEe (j) = 10,0 sec is determined and the confidence coefficie
/A = 0,05 . The result of the test may produce the confidence interval d(j) = 3,5 sec:

ning is that, with a probability of 5%, the unknown real value is not within the range of 10,0 £3,5
ntervals for the execution time shall be used as follows:

It is the maximum tolerated error of the mean ekecution time Ty (j). After or

5 - for the j-th task type - the values te7 (1), teT.(.2), ..., teT (K@) which are also used
N execution time (see 14.1). This test shows ~by a result of “OK” or “NOT OK” - fo
s the confidence interval (with respect to the specified confidence coefficient ALPHA) is
F limit d(j).

anded performance values are only valid' when the test signs are on "OK” for all task typed
results are not sufficient significant,

1 A typical reason for getting axNOT OK” is that there are too less samples with respect to
A new measurement run may be-done using a longer measurement interval resulting in more
hance of getting confidence intervals which are not greater than the specified limits d(j).

A deviation of the
1f|dence interval
age of cases in

nt is specified to

sec. Or, in other

h task type is
parallel to the
type. The test
for computing
I which of the
ot greater than

s. In any other

the chosen d(j)
samples and a
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14 Cal

14.1

culation of the performance values of the SUT

Mean execution time

© ISO/IEC

The mean execution time Ty (J) is the average value of the execution time of all tasks of the j-th task type which
were submitted to the SUT within the rating interval with the duration Tg:

v ter(i)Hter () (k) +tET(j7K(j))
TME(/) = - )
K(J)
where K@) is the total amount of tasks of the j-th task type
submitted to the SUT within the rating interval
and teT (k) is the duration of the execution time of the k-th task of the j-th task type

Tme () shall be

If during the m

NOTE 52
submitted
or asynch

14.2 Thr

The throughpu
interval per tim

B(J) =

submitted to the SUT within the rating interval.
computed for all task types, i.e.forj=1,2, ..., m.

basurement procedure ‘individual rating intervals’ are used, see 11.2,

In case of "NO WAIT" task mode (M = 0; asynchronous mode) the execution times (¢
tasks may overlap. The execution times are added with theirfall duration in every case
onous) in the same way for getting the correct measurement.results and rating.

pughput

t B(j) is the average number of all tasks of the.j-th task type submitted to the SUT with
e unit:

Number of tasks of the j - th type;
submitted to the SUT within the rating interval

B(j) shall be cd

If during the m

14.3 Tim

Tr

mputed for all task typesfi.e.forj=1,2, ..., m.

basurement procedure, ‘individual rating intervals’ are used, see 11.2.

ely throughput

The timely thr

ughput\E(j) is the rate of tasks of the j-th task type, submitted to the SUT within the ra

and having measured- execution times which are completed in time with respect to the correspondin

function:

f sequential
synchronise

in the rating

iting interval
g timeliness

E(J)

Number of timely tasks ot the j - th task type
submitted to the SUT within the rating interval
TR

E(j) shall be computed for all task types, i.e.forj=1,2, ..., m.

If during the measurement procedure ‘individual rating intervals’ are used, see 11.2.

NOTE 53

28

The procedure showing how to compute E(j) is somewhat sophisticated. It is described in annex B.3.
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15.1 S

ISO/IEC 14756:1999(E)

Rating the measured performance values of the SUT

pecification of rating level

Rating shall be done by matching the results of the measurement with user requirements and a given rating level
(see ISO/IEC 14598-1). In this International Standard the user requirements are represented by the timeliness
functions, from which the performance reference values are computed (see 8.1 and clause 9). A rating level shall

be specified

15.2

in conjunction with the user requirements (e. g. by the timeliness functions).

Computing performance reference values

15.2.1 M
For each tag
j-th task typg
from values
computed. T

NOTE 5

15.2.2 Tl

For each ta
is required,
defined in th
given in ann

NOTE 5
annex B

15.3 g

15.3.1 (e
For all task

RME

shall be compputed. Ryg.(j)'is (for the j-th task j[ype) the quotient of the mean execution time referenc;

and the meg

ean execution time reference values

ktype j=1, 2, ..., m there is a reference value Tgrer (f). It is (according to the timeliness
) the maximum accepted mean execution time for tasks of the j-th task typé\ Frer () sha
which are defined in the workload parameter set. All m mean executionitime reference
he general formula is given in annex B.1.

a An example is given in 9.1.1.

hroughput reference values
bk type j =1, 2, ..., m there is a reference value Bgrer (J). Itis the throughput of the j-th ta

as the minimum value, by the set of emulated users{ Bger (j) shall be computed from v3
e workload parameter set. All mthroughput reference values shall be computed. The ge

function of the
Il be computed
values shall be

sk type, which
lues which are
eral formula is

ex B.2.

52 The formula showing how to compute Brefi(j) is somewhat sophisticated. It is described and illustrated in
omputing rating values

omputing mean execution time'rating values

ypesj=1, 2, ..., m the-mean execution time rating values:

(@), Rue(2), ... ~Rye()), - s Rye(m) .

RME

e value Trer ()

iIsured mean execution time Tye ()):
( ) a TRef(j)
N7 T 1)
MENXT]

29
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15.3.2

Computing throughput rating values

For each task type j = 1, 2, ..., m the throughput rating values:

Rr4(2)

 Rey(2), o Ren(d), - Rn(m)

© ISO/IEC

shall be computed. Rty (j) is (for the j-th task type) the quotient of the actual throughput B(j) and the throughput
reference value Brer (J):

)= BU)
Rru(J) = .
TH( ) BRef(f)
15.3.3 Computing timeliness rating values

For all task typ

Rn(1),

es =1, 2,..., m the timeliness rating values:

Rr(2), ..., Ry(j), ..., Ry(m) ,

shall be computed. Ry (j) is (for the j-th task type) the quotient of the timely throughput E(j) and the me3

throughput B(j):

Rn(J)

15.4 Rat
As shown in 1
to the (actual)
measurement.
the measured

The rating pro
a SUT exceed
(but it must no
For further hel

g

1541 Me

If the mean e
execution time

NOTE 56

gl

~

o

ng

b.3 the rating values Rye(j) and Rry(j) aré\normalized to the reference values and Rq(j) i
throughput B(j). This normalisation-causes that a value of 1 for a rating term is the ide
A value less than 1 means that thesuser requirement is not fulfilled. A value greater th
value is better than the user requirement.

tess focuses primarily on the\aspect if the SUT fulfils a stated target. But it cannot be co
ng the target is rated in general as "good" as one just fitting the target. It might be mo
t do so0). It is in the responsibility of the user of this International Standard how to rate t
D see note 60.

n execution time-rating

ecution fime rating value of the j-th task type Ruye (j) is equal to or greater than 1 thg
of the.SUT corresponding to this task type stated by the user requirements is fulfilled.

The“interpretation of a value of RyEe () = 1,30 is that the mean execution of the correspondin

30% faster

sured (total)

normalized
al case of a
an 1 means

ncluded that
e expensive
Nis situation.

n the mean

g task type is

than specified by the user requirements.

If the mean execution time rating value of the j-th task type Rye (f) is less than 1 then the mean response time of
the SUT corresponding to this task type is unsatisfactory.

This rating shall be carried out for all m task types.

30
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15.4.2 T

If the throug

ISO/IEC 14756:1999(E)

hroughput rating

hput rating value of the j-th task type Rty (j) is equal to or greater than 1 then the throughput of the SUT

corresponding to this task type stated by the user requirements is fulfilled.

NOTE 57 The interpretation of a value of RTH (j) = 1,10 is that the throughput of the corresponding task type is
10% higher than specified by the user requirement.

If the throughput rating value of the j-thtask type Rty (j) is less than 1 then the throughput of the SUT
corresponding to this task type is unsatisfactory.

This rating shall be carried out for all m task types.

154.3 [fmeliness rating

If the timelipess rating value of the j-th task type Ry () equals 1 then the timeliness of the SUT cqdrresponding to

this task typp stated by the user requirements is fulfilled.

If the timeliness rating value of the j-th task type Ry (J) is less than 1 then the timeliness, of the SUT|corresponding

to this task type is unsatisfactory.

NOTE 5

not finislhed their execution in the time limits specified by the timeliness function, i;e’the user requirement.

This rating S

NOTE 5
will be g
never cd

15.4.4 d

The interpretation of a value of R7y (j) = 0.90 is that 10 % of the tasks\of the corresponding task type have

hall be carried out for all m task types.

D The timeliness rating values Ry (j) can not exceed the valge 1. The reason is that in the bejst case all tasks
ompleted in time, and dividing this number by all submitted’tasks (the same number of tasks) fequals to 1. But
uld more tasks be completed in time than be submitted.

verall rating

If at least one of the 3 x m rating values (i.e. m valuescR7H (j) and m values Rye (j) and m values|R7; (j) ) is less

than 1 then
parameter S
rated to a
behaviour rg
a rating leve

NOTE 6
referend|
of the 9
referend|

the SUT fails to fulfil at least one criteria of the user requirements, specified within the workload
et. Therefore the SUT shall be rated with respect to a rating level (see 15.1) as being upsatisfactory or
ating level equivalent to unsatisfactory. Otherwise, if it works sufficiently according {o all the time
quirements and no rating values (s less than 1, the SUT shall be rated as being satisfactory or rated to
| rating level equivalent to satisfactory.

0 Today's data processingsystems are typically not able to realise exact conformity to the performance
e values of a defined workload description. This is due to insufficiencies of the schedulers. Therefpre it is - in sight
UT’'s endusers - important-to test the fulfilling of its expectations, i. e. to test the fulfilling of the performance
E values. But the usernot always can rate an over-fulfilling. On the other hand over-fulfilling maly (but must not)

result infa higher price of the-SUT. If so, the over-fulfilling would be a disadvantage from the SUT buyer’s viewpoint. It is
felt that | if including costs*--one can not conclude in general that the specific SUT is "good™ or not. If including costs one
can conglude only, that-the specific SUT is conforming to the assigned profile or not. If not conforming thg deviations from
the proffle are visible=by the differences of the R-values to 1. The user of this International Standard |s free to define
personal bandwidths for the R-values (for instance by setting x-values as follows) and to accept only SUTs within such
ranges:

Xifelower < RMEO) < XME-upper

ATH-lower = R THU) =~ ATH-upper

Xttower < Rr(f) < 1
But he should be aware of the consequence that, if at least one of the values of Xuve-ower , XTH-lower , XTr-lower Will be defined to
be below 1.0, the meaning is, that the tester may accept a SUT the time behaviour of which is clearly insufficient in sight of
the SUT'’s endusers.
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Annex A
(normative)

Specification of the RTE's basic functions

© ISO/IEC

The RTE emulates Ny users. This value is the sum of the number of emulated users of all user typesi=1 ...

All emulated ugers shall be emulated independently. An emulated user works as follows:

The emulated|user submits chains of tasks to the SUT. The sequence of the tasks corresponds to
chain type (se¢ 10.2.4). The emulated user randomly chooses a chain type, both at start’of-his work and again at

the end of each chain, and submits the tasks in the sequence given by the specification,of-the chain type.

The chain typgs shall be chosen randomly by the i-th emulated user but according-to the defined v
relative chain frequencies q(i,1), q(i,2), ...

NOTE 61
submits tagks according to the specification of task type sequence of the /1-th ¢hain type.

The submissioh of the tasks of a chain shall be as follows:

oy 2 Ay a3
Niot =[Nuser (L) 7 Nyser(<) T ...

AL N AL \
T Nyser (1) 7 ... T Nyser (1)

,qiu).
Assuming the emulated user of user type i has chosen a chairi-ef-the chain type /7. The €

pleted this sequence the emulated user randomly chooses a new chain type. The number of thig

(1) THe emulated user waits for the (randomly taken) preparation time and submits a task corrg
the first task type in the chain definition (see 10.2.4). Assuming this first task type is j; &
tagk type is j>  the emulated user considers the task mode M(j>) of the j,-th task type.

(2) If M(j2) equals 1 (i.e. emulating "WAIT" mode) then the emulated user waits first for the ¢
proceeding task (i.e. the waiting time’in this state is equal to the execution time of the task

ing received completely .this output than the emulated user waits for the (rand

pre¢paration time of task type~j>.; after which the task of the type j» is submitted.

(3) If M(j>) equals 0 (i.e. emulating "NO WAIT" mode) the emulated user does not wait for the
proceeding task. The {randomly taken) preparation time of the task type j> starts imme
supmitting the task-of the type j; . After expiration of this preparation time, the task of th
supmitted.

(4) Cantinue with-steps (1) to (3) until the last task of the chain

(5) THis procedure is also valid, when a chain is completed and a new one is chosen. As des(
th¢ emulated user acts according to the task type and task mode of the first task of the ney
task made of this task defines whether the emulated user waits for the completion of the las

the chosen

D

alues of the

mulated user

chain type is
juence in the
n type if q(i,l)

esponding to
ind the next

utput of the

of type jz );
bmly taken)

butput of the
liately when
e type jo is

ribed above
v chain. The
t task of the

préceding chain before starting the preparation time of the first task of the actual chain o
preparafion time immediate aier

starting the

The duration of preparation times of the emulated user of the user type i shall be taken randomly but according to
the preparation time mean value h(i,j) and standard deviation value s(i,j) which follows the considered preparation
time (see definition of A(i,j) and s(i,j) in 10.2.5 where jis the type of the submitted task.
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Annex B
(normative)

Additional calculation formulas

B.1 Formula of mean execution time reference value Trer ()

TRef

The mathenpatical terms are defined in 5.2.

NOTE 6

The me
fast as

This me|
function

which are less or equal to the time class boundary g7 (j,¢). The value™7 (j,c-1) is the maximum accepted re

of tasks
the relat]

The situ
values

The last

Now we

In gene
defining

()
)= Z g:(j.c) Eﬁrr(j,c) -r(j.c —1)] , where by definition r(},0)=0.
c=1

D lllustration of the Trer (j) formula:

N execution time reference value results from the hypothetical situation\that the SUT executes
eeded to fulfil the timeliness function. No task is executed faster and-ne_task is executed slower.

pns that the relative frequencies of the execution time values carrespond to the requirements
The value rr(f,c) is the maximum accepted relative frequency df tasks of the j-th task type the e

of the j-th task type the execution times of which are less-or equal to the time class boundary gr
ve frequency of tasks of the j-th task type the execution time of which is in the time class

gT(/rC_l) to gTOIC)

rr(@,c) - rr(,c-1) .

hich equal the upper time class boundaries. |. e. the execution time values of tasks of the j-th task

ar(,1) or gr(,2) or ... or gr(.z(j)) -
value is the upper time class.boundary of the highest time class of the j-th task type.

have to determine the execution times and their relative frequencies:

The relative frequency corresponding to the execution time gr (j,1) is rr (j,1).

[The relative frequéncy corresponding to the execution time gr (j,2) is rr (j,2) - rr (,1).
The relative frequency corresponding to the execution time gr (,3) is 7 (j,3) - rr (j,2)
and so on.

al the mean value is the sum of the terms “execution time multiplied with its relative frequency
rr (@) = 0 we find the right hand side of the Trer(j) formula.

he tasks just as

f the timeliness
ecution times of
lative frequency
,c-1). Therefore

ption that the SUT executes the tasks just as fast as needed implies that it responds only withh execution time

type are

“. Herewith and
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B.2 Formula of throughput reference value Bret ()
O ’ 0 O
a : . . a
n 0 Nuser(l)Di[q(lil)@(jrl)][| O
Bri(1)=3 E - - L
Ref Z[ |:| u % mcﬁa/n(l) Cha/n(’) -1 D DHD
= Daci /)E% Z i, f(1,k) §+ > [Toer (701 10) cM(£1, K+ 2)) | a8 Toor (F{1 Lanan (1)) M7(i) OFE
= @ED
o B 0
The mathematicalterms used in this formula are defined in 5 2
Additionally is flefined:
A) a@l) the number of tasks of the j-th task type within a chain of the I-th chain type;
B) = Z[q(i,l) M(f(11) |
NOTE 63 lllustration of the Brer (j) Formula:
The referemce values for the throughput result from the hypothetical situation ‘that the mean execution timgs of the SUT

(for each tg

We can cg
Throughpu

For the tim
tasks of j-th
of the chai

The numbg
several chg
number of
the “relativi
“duringac

Because ttlere are in general NgeA(f) which submit chains simultaneously we have to multiply the sum by

term has t

named fchaih

sk type) exactly equal the corresponding mean execution time reference values Trer (j).

mpute the throughput reference value of the j-th task type @ecording to the general definition ¢
is number of tasks divided by the time in which these tasks were submitted.

b we take the mean duration of the chain. Consequently for the number of tasks we have to take
type in this chain. The duration of a chain is the time from the beginning of the preparation time o
to the beginning of the preparation time of the first task of the next chain.

r of tasks of the j-th task type in a chain of thel-th chain type may be named with a(,/). In gen
in types occurring with the relative chain frequencies q(i,/). Therefore we have to follow the rule {
asks of the j-th type is the sum of the téerm5s “number of tasks of the j-th type in the chain“ a(j,/)
b frequency of the regarded chain type* q(i,/). The average number of submitted tasks of the
ain“ therefore is:

U

[ q(i,1) ca(j,1) ]

be divided by the({mean duration of the chains generated by a user of the i-th type. This dur
(). The number 6f tasks of the j-th task type submitted per time unit from all users of the i-th type

QEZ[ (i, 1) //]

cham (I )

users of type n) we ha

f throughput:

he number of
f the first task

bral there are
hat the mean
nultiplied with
j-th task type

Nuser (l) This
ation may be
is:

e to sum the

Because t

ere are in general n groups of users (users of type 1, users of type 2

above written term for this n user types and we get:

od

ENuse, Déz [ali 00

g [N

Z d d
D chaln ) D

B H
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This is the right hand term of the Brer(f) formula. The illustration of the Brer(f) formula now is complete except to

demonst

rate the computation of fain(i). This will be done as follows:

The duration of a chain of the I-th type generated by a user of the i-th type may be named f (1,i). This user type
submits chains with the relative frequencies q(i,/). Therefore the mean duration of a chain submitted by a user of the

i-th

type is:

tchain(i) = Z{ q(i’l) Dch(/'i) }

This is the denominator in the Brer (f) formula.

Toi

llustrate the computation of t(l,i) the following may be done:

t. A‘/I ) consists of two sums and an additional term:

This con

B.3

>

Let b(j) = B

gorithm-faor computing the timely throughput E(j)

)= 5 { 000) Pam0) # ams01) + 0] )

The first sum tsumz (1,i) (compare the denominator of the Brer(j) formula) is easy totunderstand.
the mean preparation times included in the chain.
chain

;%@dn@)

The second sum tsumz (1,i) is also easy to understand. It is the sum-o6f-the mean execution time|
Tret (j) values) of certain tasks. These are the tasks the computational result of which is neede
the following task (i. e. the user is waiting for the task completion before he starts his prepar
following task).

L,
tsuml(lii) =

Lchain (/ ) -1

tane (1) =

Not taken into account hereby is the last task ofthe chain. This will be done by the term tas: (7,i) 3

Teos (1K) M(f(1, K + 1)) ]

Opposite to the tasks within the chain the successor task of the last task of a chain is unknown.
of the next chain. In case of this first task-of the successor chain having a task mode M = 1 the 4
the last task of the chain is part of the\duration of the chain elsewhere it is not. The type of t
randomly chosen and the relative frequency of taking a chain of the I-th type is q(i,/). There
compute the relative frequency of cases in which the chain starts with a task having the task mo
the term M*(i) (see formula “B)“'below the Brer (j) formula). The mean execution time of the last
is Tret (f(l,Lchain (1))). The preduct of Trer (f(l,Lchain(l))) and M*(i) is the mean value of the last part g
the chain.

tlast(lii) = TRef(f(Ii Lchain(l))) M = (I)

hpletes the illustratioh of the above Brer (j) formula.

(/Yx(/) the amount of tasks of the j-th type submitted to the SUT within the rating

It is the sum of

5 (which are the
by the user for
tion time of the

s follows:

t is the first task
xecution time of
he next chain is
ore we have to
e M = 1. This is
ask of the chain
f the duration of

interval. This

amount may be undersiood as the committed WOrk to the SUT. The umelness function stipulates how many of

these comm

itted tasks are to be considered as completed in time, partitioned by time classes.
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The number of tasks of the j-th type timely completed in the c-th time class may be named ey (j,c). For ¢ > 0 (the
smallest time class is given the value 1) e (j,¢) is defined by the following recursive formula:

The number of

The timely thrd

36

0
e, (j.c)= min g o (7R ter(i.k) = 9:(1.0) ) = 3 enCiyd ano [ (.00 (.o 1)) o)

c-1 O

for c>0, and
k' running in the interval 0 < k'< K(j), and

where by definition e, ( J ,O) =0 .

In this formula:

is a fu

count

e())=

E(j)=

NOTES

64 Expl
The. maxim|
rr@.c)-rr

The left-ha|
c-th time cl
On the cq
1,23 ..,
term. The 1

65 Ilust

min{al AND az} ,
nction which chooses the smallest value from the tuple a;, a. The function;
No (TR| condition) ,

5 the number of tasks of the j-th type fulfilling the specified condition.

timely tasks of the j-th task type, submitted within the rating interval is:

(/)

; edJ,c)

e(J)

Tr

Anation of the ex(f,c) formula;

j,c-1), and b(j) . This is.the right-hand term in the min function.

nd term in the min function takes the number of task requests whose execution time does nd
hss limit. However;-not all these execution times contribute to the number of completed tasks in t
ntrary, the .Aiumber of execution times, which have already been accounted for in the
(c-1), have tobe subtracted. The left-hand term may be smaller than, equal to, or greater than t
hin function.takes, if unequal, the smaller term. This is the number of completed tasks of the c-th t

ration of the e(j) formula:

e(j) is defin

edvas the number of timely executed tasks of the j-th type in all time classes. It is the sum of {

ughput of the j-th task type, submitted within the*duration Tr of the rating interval is (see 1

o

4.3):

um number of completed tasks of the c-th time class, is defined by the product of the relative class frequency,

t exceed the
is time class.
time classes
he right-hand
me class.

he number of

timely executed tasks ex(j,1) in the first execution time class, the number of timely executed tasks ex(j,2) in the second
execution time class and so on. The execution time classes are defined by the timely function of the j-th task type. The
c-th time class is the interval [g7 (j,c-1) to gr (j,c)]. By definition is g7 (j,0) = O.

The values

of ex (j,c) can be determined as follows:

The total number of tasks (of the j-th task type) the task starts of which are within the rating interval is b(j). Classify all
these tasks with regard to the execution time classes. This means that you have to count the number of tasks the
execution times of which are in the 1st, 2nd, ... time class. The counted numbers may be named bciass (j,1), bciass (J,2),
beciass (j,3), ... , bciass (,2(J)). z(j) is the number of time classes of the timeliness function. Additionally count the number of
tasks the execution time of which is greater than gr (j,z(j)). This is the overflow class. The counted number in the overflow
class may be named bciass (j,2(j+1)).
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1. Determination of the reference values brerciass (j,¢) of numbers of tasks in each class. ¢ is the number of the class

2.

and j is the task type. brerciass (J,C) is the product of the actual number of tasks and the required re

lative frequency.

(For the required relative frequency see also the illustration of the Trer (j) formula in B.1). I. e. it holds:

bretciass (,€) = b(j) * (rr(.c) - rr(j,c-1))
By use of this formula the values brerciass (j, 1), bretciass (j,2), ... can be computed.
Determination of the ex (j,c) values:
a) Start with the first class:

If holds
bciass (j,1) < brefciass (j, 1) ,

No

The rea

then

ex(j,1) = bciass (j, 1) .
But if holds

beiass (j, 1) = brefciass ;1)
then

ex(f,1) = brerciass (,1) and the value of bciass (j,2) has to be corrected. The new value of
sum of the old value plus the value of bciass (j, 1) - brerciass (j, 1):

The reason for the correction is that the SUT had executed-more tasks with short exe
required in the actual time class and they therefore are timelyalso with regard to the next ¢
steps always use this new value of bciass (J,2).

b) Examine the second class.
If holds
beiass (j,2) < brefciass (j,2)
then
ex(j,2) = bciass (j,2) .
But if holds
bciass (j,2) = brefciass (h2),
then

ex (j,2) = brefciass (j,2) and the value of bciass (j,3) has to be corrected. The new value of
sum of the*old value plus the value of bciass (j,2) - brefciass (j,2).

In the next steps always use this new of value of bciass (j,2).

¢) And so on:still to the z(j)-th class. It is natural not to perform a correction in this last step
higherclass is not defined in the timeliness function).

v the valdes ex(j,1), ..., ex(j,z(j)) are determined and the sum of them can be computed. It is the v

ef may not be irritated by the fact that the values of bciass (/,C), brefciass (j,C), €x(j,1) and e(j) ar

bciass 0,2) is the

cution time than
lass. In the next

beiass (j,3) is the

because a next

hlue e()).

e in general not

integer \

represent real numbers of executed tasks.

lues and do not
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The following example may explain how the algorithm acts:

© ISO/IEC

In the situation of a lower time class being fulfilled by its frequency but a higher not, it should be observed, that a over-
fulfilled time class can be used to balance an unsuccessful higher time class. But never a over-fulfilled time class can be
used to balance an unsuccessful lower time class.

The timeliness function of a specified task type j may be:

time class time class limit relative class frequency
1 < 3sec 0,8
2 < 6 sec 0,9
= <Z0sec 1,0

The dyration of the rating interval is assumed to be

Tr = 30 min.
The rgsult of the measurement with
H(j) = 50 tasks
may bg:
time class time class limit executed tasks
1 <3sec 41 tasks
2 <6sec 43 tasks
3 < 20 sec 50 tasks

The nlimbers of tasks from the time classes above arranged:
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time execil:1t iﬁistasks e;(nEﬁ:;i(Iic}\;avSJES egtlef(f:irtir(]jcfgglis ove:i‘ill(filing rzgzgﬁﬁrfgigs ex (i.c) o e:i‘ill(filing
class time|class time class tirl;oer ::T;sss E%x; lgl‘g:sr tmﬁmgﬁs this time class
1 41 fasks (0 tasks) 41-tasks (0 tasks) 40 tasks 40 tasks 1 tasks
2 43 tasks 41 tasks 2 tasks 1 tasks 5 tasks 3 tasks 0 tasks
3 50 tasks 43 tasks 7 tasks 0 tasks 5 tasks 5 tasks 2 tasks
In timg class 1 are 41 fasks but only 40 are required. Time class 1 is over-fulfilled. It holds: fulfilling
ex(j,1)=40
and ope task will be added to time class 2. Therefore the corrected number of tasks in time class 2 is 3. This new
numbgr Has-to be compared with the number of required tasks in this time class (which is 5). Time flass 2 is not
fulfilled and it holds:

ex(,2) =3

In time class 3 are 7 tasks with no correction form time class 2. But only 5 tasks are required. Therefore it holds

ex 0,3) =5

Because a 4th time class doesn’t exist the over-fulfilling of time class 3 can not be used for balancing. Therefore
2 tasks are “lost".

The sum of the ex values is the number of timely tasks of the j-th task type:

e(j) =40+ 3 +5=48
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