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A synthetic job performs a parameter-

specified amount of processor cyecles and disk 1/0

operations. Such jobs have been used successfully

in measurement experiments. Patterned after wide-

ly publicized versions written in Fortran and

PL/1, a UHTX version has been implemented in the C

language. Input/output options for this version

comprise read, write, getc, outc, getw, putw, as

well as messages and pipes. The synthetic job

concept nas been extended further by providing fa-

cilities for issuing an arbitrary sequence of sys-

tem calls such as fork, exec, kill, nice, sleep

and wait. ilth these facilities, networks of

cooperating synthetic processes can be constructed

as models of applications. The synthetic process

o~ writes self-tining information into a report file.

Some measurements of system calls comparing dif-

- ferent hardware (PDP-11/45 and /70) and software
(, (UNIX and MERT) are presented for illustration.
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Intrroduction

A synthetic job is a program that simulates a load (in terms
of units ot work) imposed on a system. It consumes speci-
fied amounts of resources (1/0, CPU and memory). It can be
used in place of real jobs in a traditional benchmark (a
representative subset of a computer load) to compare the re-
letive performance of different hardware or software
teatures of a computer system,

The motivation ftor pursuing the use of a synthetic job in-
stead of benchmarkine is well documented by J.F. Maranzano
(ket. 1). basically, a synthetic Jjob does not need a
specific data base that must be moved from system to system.
It has parameters that specify wnat resources are to be con-
sumed. It is more portable and flexible than a set of

benchmark jobs.

The synthetic job can be used with any measuring tool
desired by the analyst such as a hardware monitor, software
monitor or programmable clock. It can also do its own
(rather gross) measuring by timing itself.,

A process in the UNIX environment is lopically «aquivalent to
a job in the batch world. The synthetic job that is to be
desceribed is similar in purpose to the synthetic job avail-
able in Fortran written by R.L. Klein and J.E. Kitacco (Ref.
2). The present synthetic process is written in C and is
intended to be wused on a Unix or lert operating system.
This tool can be used to compare different systems by run-
ning experiments which use identical resources. It also is
usetul in modeline (at a mross level of detail) existing or
new dedicated applications which use a network of cooperat-
inz and communicating processes.

It allows the user to specify:
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1. Seauences of system calls to fork and exec to new
synthetic processes.

2. Communication via pipes or messanes between
.cooperating synthetic processes.

‘It can rive insight into questions such ast

G

How does the addition of a new process affect the per-

formance of the process already running?
Snould piping or messares be used if a given number of
byvtes needs to be transmitted?

Overview

The synthetic process (SP) consists of two partst

C

A. 'The monitor part of the program which:

-
2.
3.
y,

5.

. The

1.

. 2

Keads user input

Initializes the necessary paraneters

.Starts the passes throush the resource usage

Does timine before and after that resource
usare

writes the results of the experiment

resource part of the program whicht

Per forms a seaquence of user specified system
calls

Pistributes the activities "evenly" across
resources :

Allocates a specific amount of memory

Does specified quantities of 1/0 to a number
of files

Consunes CPU time by exwcuting a compute loop
a specified number of times

Since this is the part of interest to the experimenter,
it will be described in detail. .

The analyst has at his disposal the following major vari-

ables:

(C

'
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B.

C.

D.

E.

-3 -

A menu of system calls that can be done

The number of iterations desired through the com-
pute loop

The amount of memory desired

The type and amount of 1/0 to be done on each
file

Piping or transferring of messages between
processes

See Appendix 1 for specific inputs and output format.

System Calls

The following system cdlls are supported:

1.

2.

3. -

b4,

S

Fork/kxec ‘

A Fork and Exec are done to create and execute
another copy of the synthetic process. The child
process created has its own resource consumption
to perform. It may in turn Fork and Exec to yet a
third process.

Kill
A process can klll another process.

Nice
A process can lower its priority by the use of
this command.

Sleep
A process sleeps for a specified number of

seconds.

Wait

A process will wait for one of 1its children to
exit. It will continue after the first one re-
turns.

Compute Kernel

The compute algorithm is the same as that used by Buchholz
(Ref. 3), namely the summing of the cubes of integers.

In SP, N =

2k3 'MZ
k=1

10.

DATE FILE COPY
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Input/0utput
Two types of 1/0 are presently supported:
1. The system calls READ and WKITE

2 The character 1/0 subroutines, GETC, PUTC, GETW
and " PUTW

- " For each type of I1/0, the user specifies:

(:> 1. The total number of bytes to be transmitted

2. The number of bytes to be transmitted in one I1I/0
call. For the second type of 1/0, that can only be
one (for GETC or PUTC) or two (for GETW or PUTW).

3. An indicator that the user wants to do "reads"
. only, "“writes" only, or 50% "writes" followed by.
509 “reads"., To read, the file must have been
prewritten, either by an earlier experiment or some
other means.

4, For KEAD or WRITE, the user can also do SEEK of a
specified number of bytes between consecutive
acecesses,

All of the above 1/0 will be done to a user-specified file
(which will . be created, if need be) or to a progranm-

 generated file which will be deleted at the end of the pro-
cess,. The user can specify any device including the termi-

Pipe and Hessapges
For both pipes and messages, the user specifies:
’ Total number of bytes

Ze The number of bytes to be transmitted in one pipe
. call or in one send/receive

3. An indicator that the user wants to do "reads" or

sage.

(:> "writes" on a pipe or "send" or "receive" a mes-

- e eme — e eae e e Crombrimbmems AN . ANT?E L o L L.

L. The process to (trom) which it is piping or "send-
ing jreceiving) the message., ~

Hemery

Tht user can specify the amount of memory that is to be

:;M{

et en e o i e 40
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used. Any amount above what is used by the program will be
allocate=d and then freed at the end of the experiments. The
program itself is about 28000 bytes.

~
L _rodding

One process can prod another into doing work by sending it a

nmessare. The sending process, say process 1, just sends a

regular messare. Each time, the receiving process, say pro-

cess 2, Ureceives the messarge, it poes through its compute

and 1/0 resource loops. Process 2 then waits for the next
M Nnessage . To terminate the "prodded" process 2, process 1
‘ (u ust kill it. A child as well as a parent can both prod or
be prodded.

Allowable hetwork Configurations

To implement SP in a reasonable manner, only certain network
contipurations of communicating processes are supported.

1. Unly one communication path between processes is
acceptable.

2. if a process is being prodded by another (by re=
ceiviny 1its message), it cannot communicate with
that process in any other way.

3. The allowable configurations are the following:

C C

1 1 p=C —>C - —»C,
by *%Eﬁﬂcjz F) g c:z
- : : p—=<-C ]<——C2---4—cn

ig 1l
Cnh Fig

The above restrictions enable the synthetic process to be
™ implenented without imposing any priority scheme., With
these configurations, there should be no deadlock. An ex-
tension of SP would be to allow two-way communication by ad-
ding a priority scheme. The restrictions hold only for
processes that are communicating (via pipes or messages).
It the processes are all consuming resources independently
(i.e. doing 1I/0 to a file or computing), any configuration

DATE FILE COPY
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is acceptable.

Calibration

In order to use the SP in modelinr, the program must be
calibrated. That is, the CPU time of a compute kernel

" iteration and a transmission of a specific number of charac-

ters must be known for some base hardware or software confi-
guration.* Therefore, certain calibration experiments were
done. (see Appendix 2).

The timineg was done using TIME and TIMES system calls. The
elapsed time is measured in seconds. The process user and
system times are measured in 1/60 of a second. The results
are given in milliseconds. )

To time using the system calls TIME and TIMES, a minimium
amount of resources must be consumed. If too small a level
is specified, the noise will overpower the timing mneasure-

ments.

Acknowledgement

The author thanks J.E. Ritacco for his valuablé assistance,

D. R. Bernstein
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App 2
Table 1

¥ 10 cunsume a certain number of C(PU seconds, say X
sec, with additional 1/0 operations in the same job,
one cannot specify i iterations through the kernel,
each iteration taking k seconds and i = x/k. Rather, i
= (x-n¥*¥c)/k where n 3is the number of characters
transmitted and ¢ is the cpu time per character.
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APPENDTX 1

User Documentation Forr A UNIX Synthetic Process

The following is a description of the user inputs and the
outputs of the program, SP.

SP can be used to model applications at a gross level of de-~
tail wusing the UNIX or MERT operating system where multiple
processes and intercommunication between these are involved.

' Systems calls such as FORK’s, EXEC, piping and message han-

dling can be modeled. Only a restricted subset of these is
included. With this tool, the experimenter will be able to
compares: :

Te UNIX pipes

2. HMessages under UNIX as implemented by R.bB., Brandt
’ (Ref. 4)

3. Messages under MERT/UNIX

The inputs consist of:
1« A command with arguments that starts the execution
2. A set of parameters for each synthetic process in

the network.

COMMAND and ARGUMENTS

2sp -t <I >0
The argument is optional

t - the user does not want any timing information. This
might be invoked when other measurement tools are being used
in conjunction with S°P.

The standard input will contain the input for the parent
process (which might be the only process). The standard
output will contain the output for the parent process.

INPUT DATA PAKAMETERS

The input consists of:

A. Optional header

be Optional System Calls

C. Global arguments

D. 1 to 8 optional data transmission arguments
E. A delimiter

These are described in detail below.

__.DATE FILE COPY__ .



' Ro Heade

This is a
start wit

Cbe used ¢
b

de Syste
The gener

;s syscal
separated

r'

n optional free form character string which must
h a "-h" and be less than 100 characters., This can
o identify an experiment.

m callu
al format for the system call is

1 number name
by one or more blanks.

‘ The following system calls are supported?

Te

2.

fork file/processname

SP will FORK and EXEC to another copy of SP. The
filename and process name for each child are ident-
ical. The filename names the file where the input
for the child process resides., It is also used as
the name of the child process (needed if the user
wants tc read/write a pipe from/to it or send or
receive a message).

kill processname

The named process is killed. The process goes to a
routine that immediately does the timing, performs

- needed clean-up and EXITs.,

O .

6.

nice number
SP will issue a NICE within a process.
prod -processname

Prod is not a literal system call. Rathér it is an

"indication to the process that the message it is

receiving should be a ‘prod” for 1t to consume
resources. Therefore when the process receives the
messape, it will go through the resource usage
specified on the ‘g” and "f° arguments (described
below). All messages used for prodding will be re-

ceived as the maximium message size (212).
sleep number

The process will SLEEP for the specified number of
seconds.,

wait

e VR ¥ TR 1 ... -~ b Y Y. X

-~

(")
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((.) )

The parent process will WAIT for any child to ter-
minate.,

The system calls can be grouped in  any order that makes
sense to the experiment designer. There is limited sanity
checking in order to maximize flexibility. '

C. Global arpguments
The global resource consumptidofi™“arguments will look like:
-¢g NPASS NCOMP NHMEM

separated by one or more blanks.
NCOMP : number of iterations through compute loop
‘The compute loop code generates 137 assembly in-
_ structions. )
HPASS - ¢ number of passes through totality of resource com-
sumption defined
NMEM : total memory requirements in bytes (optional)

. If the user requests a memory allocation less than the
size of the program (about 28000 bytes), the NMEM parameter
will be ignored and no additional memory will be allocated.
There can only be one set of global arguments per experi-
ment. _

De Data transmission arguments

This will specify the 1/0, pipineg and message
sending/receiving that will be done. For each instance of
data transmission specified, the user will supply a set of

arguncnts. There is a maximum of 8 per process. The file

arguments will be in the following order:

-f TYPE NBYTE LBYTE IOIND SHYTE DATATARGET

TYPE Type of data transmission to be done

Values can be 1 through 4.

1. Standard UNIX. (GETC, PUTC, GETW and PUTW)
2. Low level 1/0, (READ and WKITE)

3. Pipe (Read or write on a pipe)

4, Message (Send or Receive a message)

NBYTE : Total number of bytes transmitted in conjunction
with this target (file,pipe or message).

[y

LBYTE Number of bytes to read or write per system call

For IOTYPE 1, LBYTE = 1,2

DATE FILE COPY
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‘For IOTYPE 2, LBYTE > 0
for IOTYPE 3, LBYTE <= 4096
for IOTYPE 4, LBYTE <= 212

ad, write or both indicator., Values can b«
1 2 L] '

= read only (receive if TOTYPE = 4)

= write only (send if TOTYPE = 4)

= write for nalf the NBYTEs then read for the
other half. This is not supported for pipes or
mesSsages. .

he
0,
. 0
1
2

SLYTE : This parameter is valid only if the user 1is doing
READS and WRITES (IOTYPE = 2). This will indicate
that a SEEK should be done in addition to reading
and/or writing the file and by how many bytes on
the average. This is an optional parameter. If no
number is specified, no SEEK will be done.

DATATAKGET 1 For 1/0, a file is named by the user. SP uses

that file to do the specified 1/0 . This is an
optional parameter. A scratch file will Dbe
provided if none is specified. 1If the user
wants to do I/0 directly onto the terminal,
"term" must be specified as the file name.
For TYPE 3 or 4, a process name (rather than a
file name) must be specified. The process name
for a child is the same as the name of its in-
put file., The parent, whose input comes from
the Standard Input, is called "parent".

_1f a process is "prodded", it must not have an -f argument

for receiving the message.

E., Eknd indicator
-t

- -¢ will indicate the end of input for data transmission ar-

gum=nts. This can be followed by more sequences of
-h,-8,-f,=-f, and =¢.

Definition of Ekxperiment
A se=t of input (between end indicators) will be timed and

will constitute an experiment. Howsver, all system calls
will be done strictly in the order that they appear and no

" effort will be made to clean up after them., For example, if

there is a Fork to process A by the parent, process A will
be alive until it either finishes and EXITS, or is killed.

" If the parent forks to process A again while the oririnal A

— . September 24. 1976 __



is still alive, unpredictable results will occur.

OQUTPUT
7~ R
2\ The user output is found in the Standard Output file for the
= parent process (which might be the only process). For the
children processes, the file, spout)iinput filename (the
literals spout concatenated with the input file name for the
child) is created by the program. The total file name can-
not be bigger than 14 characters. It contains the output
, for the child. .
amn .
\, For each process, the output will consist of:
e,
1. All input including any default parameters per ex-
periment
2. Elapsed time, user CPU and system CPU time for each
experiment. This is obtained by having the program
call TIME, and TIMES (Unix system calls) at the be-
ginning and at the end of all passes through the
resource usage.
3. Total e¢lapsed time, user CPU and system CPU time,
This is the sum of all times in (2) above. ~
7
N~
-~
\-’/

DATE FILE COPY

Se BEEMBE eatnres 816 "



O

bxample 1 Input

/% pipe example #/

hSp
-h parent process : ‘ /% parent process input ¥/
-s tork ecla : /% fork and exec to process
) ‘ name cla ¥/
“w /% input for process nane cla
is in file cla ¥/
-s pice & /% parent process
' : lowers its priority ¥/
-g 1 100N : /% global card */
-f 3 1000 100 1 cla /% write on a pipe to cla ¥/
-c

/%¥This is the child (cla) input contained in file cla #/

~ -h child will read pipe
A-g 1 100 |

-t 3 1000 100 0 parent /% reads the pipe */
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kxample 1 Uutput

parent process

system calls
. 1l fork cla ¢
{ 2 nice 4

- npass = 1 ncomp = 10€0.P0QAVG rmem = (.00006¢C6
tile iotype nbyte lbyte ioind sbyte tile/process
13 1600 100 1 0 cla

time taken * in milliseconds*

real time = 1090.000 usertime = 368.008 system time = 32.060

** total ** time taken in milliseconds

real time = 1000.000 usertime = 368.000 system time = 32.400
child will read pipe

npass = 1 ncomp = 100.20008¢ nmem = 6.000000

file iotype nbyte lbyte ioind sbyte file/process
1 3 1000 100 @ f parent
time taken * in milliseconds*

real time = #.800 usertime = 32.0¢0 system time = 16.000

** total ** time taken in milliseconds

real time = P.000 usertime = 32.000 syster time = 16.060

3
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' Exaﬁgle 2 Input

/% nessape vxample */

. sp

-h parent will
-3 fork cea
-5 fork c2b

@
=% Sieep O

-7 1 1000

prod child

-t U 424 212 1 c2a

-t 4 548 212 1 e2b

- =8 kill c2a
-5 kill e2b

i input tor c2a contained in file c¢2a

v =h  22a is being prodded

-5 prod parent

- 10

(“-r.f'i‘mi‘ne

1 clatile

/*%  fork and <xec to process c2a %/

/% fork and exec to process c2b ¥/

/% send two messares to cla ¥/

/% send U messages to c2b #/

*/

/% each messare received trom parent
the process write 51200 bytes ¥/

/% write 51200 bytes ¥/

/% input tor c2b contained in file c2b */

«h e2b is beinp prodded

“=& prea parent

September 24,

1976

/% parent is proddine c2b ¥/

/*each messare received by b will
it. ro throurh the compute kernel
1000 times %/

wil:

~ .

make
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Example 2 QOut
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Shell Procedure

———————————

70 combine all the output from a network of processes in a
particular file and d=lete the individual output files, the
following shell procedure can be used.

sp <$1 >spout$l
cat spout¥* >$2
rm spout¥

sh spcat a b -

is used to execute the above shell

where a is the input file for the parent process

and b will be the output file for all the processes.
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Appendix 2

™ The experiments performed to calibrate the SP program are

-

—

-
£

the following:

Te Exercise the compute kernel (with no 1/0C)

2. PUTC, GETC 1/0 TYPE

4. KEAD/WHITE to a PIPE I/uU TYPE

5. RECEIVE/SEND MESSAGE 1/0 TYPE

=1 with LBYTE =1

3. KEAD/WKITE 1/0 TYPE = 2 with LBYTE = 512

3 with LBYTE

4 with LBYTE

Each set of experiments was performed at least 3

the average is given.
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. T MR VDN ST SISO SR

~ - Al‘w
. ."-
_ ____Page 2
. Cal:bration bxperiments [in msec] '
1 CALL T URIX 11710 ; UNIX 11705 ! MEKT 11785 5
? i user t. ? sys.t. | user %, E SyS. t. i user t. ! sys. t, E
TSomp. wernel 1 <275 | -0 L6731 0 i 637 1 -0 |
1 PUTC/EVie ‘T L0761 1 .00R6 SA07 T L0162 135 0170 1
N I R L I N P R RN PLT
TAWRTTE Sic7call 1 0 T 3.867 1 -0 T 6.080 1 -0 12,757
I READ 51J/cail 1 -0 " 3.835 1 0 1 6.885 1 0 . 12.181 |
{PLYE whilc 8096 | -0 i 17.665 1 -0 732.97 1 -0 T 103.83 |
‘PIPE KEAD 4096 ' -0 " 18,5456+ - " 37.263 1 -0 ©95.05 !
M~y BSC SERD 212 | - | = | U 26 - 1 -
! MSG hCV 212 ' - - 1 ~0 I 2.56 y - ! - {~
H . \ ) 1 ! I '
Table 1
This table should be taksn as an illustration of the use of the

tool, Sr.

only as a starting point into an investiration of

systems,

the

The relative values of the measurements should be used
ditferent



