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ABSTRACT

This thesis describes a software probe of a CDC 6600. Included are
a description of the Kronos operating system, histograms of total channel
walit and holding times, channel wait and holding times by system function,
peripheral processor wait and holding times by peripheral processor rou-
tine, number of free peripheral processors, total time per job by type,
CPU time per job by type, time between roll out, time between I/0 request,
and wait time for field length changes. An analysis of the data is in-

cluded.
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INTRODUCTION

This thesis presents a performance evaluation of the CDC 6600 com-
puter, under the Kronos 2.1 operating system. The evaluation was done by
use of an event—driven probe imbedded in the operating system. The re-
sults of the probe are written to disk and the disk files later analyzed.

In Chapter One we present the goals and some of the previous work
done in the field of performance evaluation; Chapter Two is an explanation
of the probe, the CDC 6600 computer, and the Kronos operating system.
Chatper Three is the data; Chapter.Four, an explanation of the data and

the conclusions drawm.
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CHAPTER ONE

GOALS OF PERFORMANCE EVALUATION

Lucasll presents three purposes for performance evaluation: selec-
tion evaluation (to determine which of a number of machines performs best
in order to determine which one to obtain); performance projection (to
determine how a system still in the design phase will work); and perfor-
mance monitoring (to determine how a system is working). This study is

concerned with the last: performance monitoring.

Types of Yonitors

There are two types of system monitors: hardware and software. The
hardware monitors are free-standing devices with electronic probes which,
when connected to the correct circuiting in the computer, counts and,
perhaps, times the events probed.15 Events so probed may be channel
activity4 or the use of certain registers. Advantages of a hardware
probe include portability (the utility to use it on any system) and non-
interference with the system being evaluated. The problems include the
high cost and general unavailability of the hardware monitor.

A software monitor is a programmed set of instructions that, when
in memory, monitor the state of the system. There are two types of soft-
ware monitors: event-driven and sampling monitors. The event-driven
monitors take some action upon a given event occurring; for instance, if

the event being monitored is disk accesses, when the disk is accessed the

I-1



nmonitor will either update counters or write information in a file
identifying that the event took place. A sampling monitor goes into
execution at intervals (timed or random) and observes and records the
state of the machine. For instance, if the disk activity is being moni-
tored and the disk is busy 60Z of the time the monitor is sampling, then
the conclusion is that the disk is busy 60%Z of the time.

The major disadvantage with either type of software probe is the
distortion caused by the probe; the system resources are certainly used
by the probe and care must be taken not to distort the system to the
extent that the data gathered is inaccurate. An event-driven probe will
have its heaviest effect on the system when the system is most used
(there being more events to record when more is happening). Software
probes offer the advantage of associating events; when a hardware probe
detects a read from a disk, it does not record what kind of process read
the record (whether teletype or batch job) or whether the process stopped
everything, waiting for the record to be read, or continued processing.
Each of these associations can be made by a software probe.

The disadvantages of event-driven probes are that they are hard to
maintain, not portable, and generate a great deal of data. Programming
a sampling probe is very difficult; and extensive knowledge of the op-
erating system and the machine is required, and the probe is frequently
not portable from one version of the operating system to the next one,
much less from one machine to another.

An event-driven probe will generate less data because of the amount

of analysis done in the probe itself; therefore, there is distortion to



the .system by the size of the probe. Another problem with sampling
probes is that the exact sequence of events that occurred is not avail-
able; only the state of the machine at the time the sample is made is
available.

The first evaluation of this system that was attempted was with a
sampling monitor. The sampling program was written in Fortran and used
an assembly language routine to read the system tables in memory at
timed intervals. A sampling program was chosen because it is easier to
write than an event—driven probe; and because if the event-driven probe,
which consists of modifications to the operating system, doesn't work,
the operating system doesn't work and the system fails; if the sampling
program fails, only the sampling program fails. The reason we switched
to using an event-driven probe is that the sampling program could not
operate on a fine enough time scale; being in user mode, it could not
sample quickly enough to catch those sequences of evénts which happened
very quickly. The probe in its final form is an event-driven monitor.

Also, some events of interest are not in the system tables.

Goals of Performance Evaluation

Computers and operating systems have grown in complexity since the
time that the time that an add instruction took was considered a major
factor in the evaluation of a corﬁputer.ll With the current complexity
of systems, the data needed to measure the system has grown in volume and
the measurements themselves have become very sophisticated. What we

monitor and use for our evaluation is dependent upon the goal of the
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evaluation and the criteria for performance. Fine, Jackson, and McIsaac6,
in their 1966 study, were attempting to determine the number of off-page
references a program in execution would make if memory were partitioned
into pages. So they used a software probe to capture each memory ref-
erence and determine if that reference would be cff——page.1 Pinkerton,l3
in his dissertation, was interested in storage algorithms and used a

sof tware probe to determine the state of the system before and aftér im—-
provements suggested by his study. He published statistics dealing with
/0 delays, page request delays, CPU intervals, and terminal I/0 delays.
In Shemer and Heying's study16 of a system designed for both batch and
terminal users, they modelled the system response to an increased number
of users. They then validated their model by probing the systen to de-
termine if the response function was, in fact, as they had modelled it to
be. So they monitored response time to on-line demands, and percentage
of CPU time available for batch jobs.

The Fuchs and Jackson7 study of various systems was to determine if
certain functions of teletype users could be fit to standard distribution
curves. This is an attempt to characterize the use of the systems and is
one of the major reasons for performance evaluation. The statistics they
were interested in concerned such measurements as think time and characters
per user and computer burst time. These were measured and fit to poisson,
gamma, geometric and log-normal distributions. The study by Fuller, Price,
and Wilhelm8 takes this type of analysis ome step further by directly

addressing the problem: queueing theory models of certain functions of

operating systems (like disk service request handlers) make certain
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assumptions about the nature of the service requests (usually, that they
are exponential). They wanted to find out if those assumptions were
valid. The Fuller, Price, and Wilhelm study Qas concerned with CPU burst
times and that is what they monitored.

The Margolin, Parmelee, and Schatzoff12 study was aimed at discover-
ing what memory sizes the programs running on their system required, so
that memory could be pre-partitioned into the more heavily used sizes.

So they measured the sizes of buffers, the extant time of buffers, and
the number of requests for buffers. |

Noe and Nutt14 were interested in validating a trace-driven model.of
a CDC 6400. They did this by analyzing the day file provided by the
operating system. The day file is a recording of such statistics as
program size and job turnmaround time. The figures Noe and Hutt believed
important were: job dwell time at control point; job dwell time in out—
put queue; job turparound time, number of control points in use (from a
sampling monitor, not the day file); program size, job dwell time in
input and stagiﬁg queues.

In her thesis Eleanor Lesterlo investigated service time distribu-
tions: that is, job turnaround time and CPU time. She was interested in
these distributions to determine if they fit any of the standard distri-
bution curves. In John Boyse'52 study of execution characteristics of a
page on demand system a more detailed approach is takeﬁ: he is interest-
ed in such measurements as page waits, number of I/0 requests per rum,
I/0 time per run, real and virtual pages per I/0 and CPU interval. An

attempt was made to fit some of the data to standard distributions.
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In each of the above studies there was a narrowing of focus: the
primary objective is clearly defined and the data gathered from the moni-~
tor to meet that objective.

In our study, howvever, we have a broader goal: to determine how
efficiently the machine is being used. To find where there are bottle-
necks, and what can be done to remove them. We want to find out how well
the system is performing.

The following four studies are general studies of computer systems:
two are published articles, two dissertations. The Badger, Johnson, and
Philipsl study of the Pitt time sharing system on an IBM 360 focused on
CPU utilization by job type, time spent in user, supervisor, I/0 overhead
and idle states and the transition probabilities of moving from one state
to another, and time slots given to one user before seeking énother.

Bryan's3 study of the JOSS system focused on number of users per
month, interpretation rates for the interpreter, characters input per
second per user, output characters per user, user progran size, user
session time, user compute size, compute bursts, total task turraround
time, and interaction time.

Jalics'9 dissertation is a performance evaluation of the PDP10. He
studies runtime (CPU time) between I/0, realtime between I/0, processor
queues, disk wait queues, terminal I/0 queues, job queues, swaps, file
accesses, terminal interactions and disk interactions.

The dissertation by Schwetman15 is a performance evaluation of a
CDC 6600. 1In it he studies disk channel availability, pool peripheral
processor availability, disk half-track scattering, control point availa-

bility and central memory availability.



Both Schwetman and Jalics cite the need for more definitive studies
of computer systems. Data is needed about hOW'large~séa1e systems actually
respond to the demands placed on them; data is also needed about the na-
ture of the demand. Schwetman gives three reasons that empirical data
about systems in operation are needed:

1. to increase the knowledge of system structure and component

interactions, in order to increase productivity and relisgbility;

2. to verify and calibrate the results of theoretical methods of

analysis;

3. to evaluate the cost-effectiveness of changes to the system.

Jalics mentions that the lack of real data on the behavior of sys-
tems limits the progress of the development of queueing theory models of
aspects of the operating system.

The data that we are interested in can be broken down into two
classifications: data corresponding to the user demand upon the system,
and data corresponding to the system response to the demand. When Schwetman
studies the availability of the channels, central memory, peripheral pro-
cessors, and control points, he was studying a combination of the system
response and the demand. He also introduces the concept of '"balance of
resources" which is a numerical figure corresponding to the ratio of the
holding time of a resource to the sum of the wait time plus hold time.
This ratio is an expression of the response plus demand, and we will in-
vestigate the balance ratio for each of the system resources that we

study.
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Jalics separated the demand from the response more clearly in his
study. In studying the length of wait queues, he was studying the re-
sponse of the system. In studying think and type times, disk references
per terminal interaction, runtime-between-I1/0, job core size per terminal
interaction, he is studying the demand upon the system.

So, we are Interested in the demand for resources in the system and
system response to that demand. Typical large-scale computer systems
have three main resources: central memory, I/O channels, and central
processing unit. The CDC 6600, subject of this study, has peripheral
processors, which are similar to intelligent channels, that are also
system resources.

We will study the demand, and system response to that demand, for
each of these resources. We will also separate the demand by job type
(batch or teletype) so that we can have a precise picture of what an

increase in teletype activity will do to the batch system.
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CHAPTER TWO

THE CDC 6600

Hardware Architecture

This explanation is heavily dependent on J. E. Thornton's explanation

of the machine in his book, Désign of & 'Computer: The Control Data 6600.

The CDC 6600 under study has a central storage size of 131 K 60-bit
(octal) words. It has a single central processing unit, and 10 peripheral
Processors.

The peripheral processors are an interesting and unique feature of
CDC machines. The design philosophy behind the peripheral processors is
that the input-output processing can be handled by small, central-proces-
sor—unit independent processors. So the only access that the twelve I/0
channels have to the central storage is through the peripheral processors.

Each peripheral processor has 4096 12-bit words. There is a separate
instruction set for the peripheral processors, and they are loaded, from
central memory, by special instructions. They are not actually 10 sepa-~
rate, independently operating devices, but are oonstructed with their
registers in the form of a barrel. The barrel contains 10 positions, one
for each peripheral processor. Each position contains space for the 4
peripheral processor registers. The major cycle on the peripheral pro-
cessors is 1000 nanoseconds; the minor cycle 100 nanoseconds. One §osi—

tion in the barrel is the "'slot." The slot has the circuiting to comnect
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it to the storage for the peripheral processors, the channels, and
central memory. Once each minor cycle all the positions in the barrel
are shifted one space, so each peripheral processor has control of the
slot once each major cycle, which makes the slot a time-shared device
anong the 10 peripheral processors without degrading the performance of
any of them.

The peripheral processors are used mainly, of course, for input/
output activity. System subroutines are loaded into them by the system
whenever there is I/0 work to be done. (This will be further explained
in the section about the operating system.) But as small, independent
processors they are very useful for other purposes. One is continuously
accupied by the monitor that supervises the actions of the other proces-
sors and their interaction with the rest of the machine. An interesting
use. of a peripheral processor was to provide trace data for a trace-driven
simulator.l7

The configuration of the machine under study is as follows:

Channels 0 and 1 are connected to CDC 808 disks. Each device
contains 6 million words of storage, with a data rate of 61 K words/
sec, 50 millisecond latentcy time and average seek time of from S50
to 70 milliseconds. Channel 2 is not used. Channel three is con-
nected to a controller for three tape drives. Channels 4 and 5 are
connected to two 844 disk subsystems. There are 4 disks per sub-

system; each disk holds 11 million words of storage. They have a

data rate of 46.4 K words per second; a seek time of from 10 to 60

milliseconds; a latentcy time of 20 milliseconds.
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Channel 6 is connected to a 6671 multiplexor for up to 16 remote
batch terminals.

Channel 7 is a 6676 multiplexor for up to 64 teletype terminals.

Channel 10 (octal numbering system) is the display channel for
the continuous conscle display.

Channel 11 is connected to another 6671 multiplexor for up to
16 remote batch terminals.

Channel 12 handles the unit record equipment: 2 printers, a
card reader, and a card punch.

Channel 13 is connected to the controller for another 3 tape

drives.

Operating System

The Kronos 2.1 operating system for the CDC 6600 operates under the
control of two organizing routines: CPU monitorxr and PP monitor. PP
monitor is resident in one of the 10 peripheral processors: it calls
other PP vroutines, or itself performs the functions of assigning equip-
ment, assigns mass storage space (that is, disk space), assigns chenuels,
processing day file messages (more about the day file follows), interlocks
I/0 and some other functions, and manages central storage.

The CPU monitor is responsible for assigning the "pool" peripheral
processors (that is, those that have been assigned to user functions),
moves storage, performs other user functions and is responsible for other
interlocks.

The second, unique feature about this system (the peripheral proces-

sor being the first) is the organization of the multiprogramming by the
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' In the system under study there are 20 control

use of "control points.'
points, but this is a variable number, specifiable at system start-up
time. The control points are virtual processors. When a job is assigned
a control point, it becomes eligible for execution. Each of the system
functions for that job then reference the control point. 1If, for any
reason, the job must be “rolled out"--taken out of central storage and
written on mass storage, to be put in the "roll out queue' and "rolled
in" later, at system or operator discretion--the control point is re-assign-—
ed to another job, if there is one waiting,

The last control point (22 in octal numbering system) is assigned
to the system. The pext to the last is assigned to the system process
that monitors the remote data terminals (called the import/export svstem).
The one above that (number 20) is assigned to BATCHIO, the routine that
handles I/0 requests from the batch process in memory. The one above
that one goes to Magnet, the system process that handles the calling of
the peripheral processor routines for magnetic tape operation.

Telex, the routine that handles requests from the remote teletype
terminals, resides in the first control point.

This leaves 15 control points for user jobs. This is a minimum of
15 because all except the system process are processes that are not used
by the associated process unless there is a need for them. There is
extensive room for operator control in this system from the consocle. If
the operator decides for any reason to not allow teietype jobs to ruﬁ on
a certain day, he or she can simply not assign the control point for the
Telex system and no teletype can "log-on" (establish contact with) the

system.
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The system is organized around system tables, resident in the lower
part of central storage. These tables can be read and updated by either
the CPU monitor or the PP (peripheral processor) monitor. The first 100
(octal words) are used for system pointers.' The next 10 hold the channe:
status table, which shows if a channel is busy, if so, which peripheral
processor has it, and if there is one or more waiting for it. The next
area is for the control points tables. There are 200 (octal) words per
control point; included are the exchange package area which includes
information about the job status, and register contents, when the execu-
tion of this program is stopped and "control" given to another program.

Also information about the job is kept: maximum time allowed,
maximum mass storage space, etc. There are two message areas.

After the control point tables, there is the periphzral processor
communication area. The contents of the PP input and output registers,
the name of the PP program holding that PP, the control point for which
the service is being performed, and a message buffer are stored in the
PP communications area in areas of 10 words each.

The rest of the tables are fairly standard file directories, file

status and library, and day file (accounting) tables.

System Philosopny

This is a request/acknowledge system, as opposed to the other major
computer architecture, the interrupt system. The advantage to a request/
acknowledge system is the purity and discipline of design18 this makes

possible. Interrupt-driven systems are usually difficult to debug and
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difficult to program. However, the original design purity has been
changed to allow for the "exchange jump' by a peripheral processor to
interrupt.the CPU at any time. Ordinarily, however, requests for service
are on a request/acknowledge basis.

The operating sequence of events is as follows:

The PP monitor program is in comtrol. It scans the output
registers of the other peripheral processors to determine if any‘
require a service it can perform (the name of the service is in the
output register). If so, it performs that service and zeroes the
output register, to allow the PP pfogram to know that the service
was performed. It also determines if the time-slice for the pro-
gram that has control of the CPU is up; if so, it initiates the

change of control to anmother program. It also scans the request-
service area of the job in control of the CPU to determine if there
is a request for service that it can perform. (This area is a word
at the location of the starting relative address of the process, plus
one. Hence, the term "RA + 1 call"). If so, it performs the service
and clears the word to allow the process to know the service has
been performed.

Now, let us assume the program that was given its time-slice
was the system. It also will scan the relative-address + 1 of the
other central points, plus the PP output registers, to determine if
there is a need for service. There are services that either the PP
or CPU monitor can perform—-whoever sees the call first handles it,

and clears the register or word.
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There is no virtual storage on this machine; the central memory
storage space is a contiguous segment per process. Processes are rolled
out or moved around in memory to allow space to be used by another process.

The space for each process is called its "field length."

The Software Probe

The probe consists of modifications to the PP monitor, CPU monitor,
SET (system initialization) routines, plus a 3K program that resides at
a control point. The modifications to the CPU monitor and PP monitor
programs trap requests for certain types of service and write a one or
two word entry into cne of two buffers, depending on the service request.
The buffers are called the file Buffer and the channel buffer. The file
buffe% is for requests trappéd in CPU monitor. These include reguests
for peripheral processors, requests for field length changes, and reloca-
tion of the relative adcdress of jobs. If the latter two are detected,
two words with special function codes and the information necessary,
such as the control point, the old and new field lengths (or relative
address), the job CPU time and the realtime are put in the file buffer
and the buffer pointers are updated. If the request was for a peripheral
processor, the time is recorded. When a processor is assigned, two words
are written containing the name of the peripheral processor program re—
quested, the processor assigned, the control point, the job name, and
the CPU and real time of the assignment as well as the wailt time for
the request to be satisfied. There are five system—defined "types";—

these are: 0: system; 1: local batch; 2: remote batch; 3: remote
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time sharing; 4: multi-terminal. This type is also written. It is
also possible that one peripheral processor will call another one; in
that case the number of the processor that called this one is included.

When a peripheral processor is dropped, we have the above informa-
tion also.

The other buffer, the channel buffer, records information about the
requests, assignments, and drops of channels. The real time of the
activity, the function code, the channel, and the address of the PP out-
put register. If a field length request is trapped, this is written to
the channel buffer also, giving the new field length requested, the real
time, the function code (a 21 for a field length request) and the output
fegister address for the peripheral processor requesting the additional
field length. The buffer pointer is updated.

The modification to SET initiatizes the buffer pointers. The pro-
gram residing at a control ﬁoint checks these pointers each time-slice
it is given control; it empties the buffers to disk §r tape files and
resets the pointers.

The data from the probe is then analyzed by the analysis program.
This program breaks down the information of the two buffers and merges it;
the information is threaded on a per-job basis by keeping track of the job
name/PP assignments and by noting when the control point changes (due to
roll-out). 1In the next chapter we include the data from the analysis

program.

Analysis Program

The two main features of the analysis program are that (1) every-

thing happens in pairs: for every assign there is a drop; action
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(updating of tables) does not take place until the drop, for it is only
then that all the requisite information is available--the amount of
real time taken, the amount of CPU time used by the job, etc. (2) all
data is kept in tabular (histogram) form. This program makes only one
pass of the data files; since these files can be as large as a million
words, it was thought essential to make this a one-pass program. This
design philosophy has the drawback that the histogram tables have a set
maximum; a two-pass program could count the occurrences of events and re-
cord the maximums involved; then on the second pass make the histograms.
For instance: in the data 1MI' has several occurrences past the
4.0 second mark; if the scale were larger these would not all be accounted
for at "4.0 and above' level but spread out, so the variations would be
vigible; on the other hand, the scale for CIO could be reduced, to allow
the finer variations in the data to be visible. However, the design
philosophy of reading the file only once has given a fairly fast execu-
tion time; roughly two hours worth of dafa is processed in about 240

seconds.

Structure of the Program

The analysis program is a tree-structured, modular program that
reads the files created by the probe and gathers statistics., There is
a pre-processor program that reads a file created by the probe at the
beginning of the run; this file is a dump of first 2000 words of memory.
The pre-processor program analyses this file to set up the three major

tables used in the statistical analysis:
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JACT: the job accounting table, it contains 13 words per job

active (either assigned to a control point or rolled out). These words
are (1) job name, (2) control point assigned (0 if rolled out), (3) real
. tiﬁe began, (4) peripheral processor wait time, (5) field length,
(6) origin, (7) the number of field length changes, (8) the number of
1/0 calls, (9) last time it was rolled out, (10) total amount of time
spent in PP calls, (11), (12), (13) the CPU time of last field change,
I/0 call, and roll out. |

This table has a limit of 100 jobs active at once; it is a self-
cleansing file (jobs that end are removed from the file). "It is a
linear array; jobs are in order only by the time they are first detected
by the analysis program; when a job is removed, all the other.jobs are
moved up in the file, and the end pointer (JLMT) decreased by omne.

PPACT: peripheral processor accounting table; it inciudes 6 words
per peripheral processor. These are (1) name of the PP program that
holds the processor; if the processor is not in use, this word is zero;
(2) job name ofthe job calling for the service provided by the peripheral
processor; (3) real time the PP was assigned; (4) job CPU time the
peripheral processor was assigned; (5) the time the PP first asked for
a channel; (6) the channel the peripheral processor.is using.

CACT: channel table: 2 words per chamnel: (1) which PP is thold-
ing the channel; (2) the real time the channel was assigned.

The pre-processor program reads the file that contains the dump
of memory and fills out the above tables; all of the above information

is available except past history items (real time began, CPU and real
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time PP's were assigned, etc.) These are all assumed to be begun at
the time the run started. fhese tables are then written to a file
(PREPR) .

When the analysis program begins it reads PREPR to initialize
its tables; then calls all the modules to initialize themselves; then
reads FDUMP and CDUMP (the peripheral processor activity and channel
activity files explained earlier in Chapter Two). The information in
these files is handled on a per—entry basis, in time sequence; if the
time is the same, the decision of which (FDUMP entry or CDUMP entry) to
handle first is made on whether the FDUMP entry is an assign or a drop;
if it is an assign PP, frequently the channel activity at the same time'
is an assign channel to that PP, so we take the assign first, so we will
know what PP program is using the channel, If the FDUMP entry is a drop,
we will take the channel activity first; frequently the channel activity
is a drop for the channel associated with the PP thaf is dropping, and,
again we need to know which PP to post the channel activity to.

If the entry taken is the FDUMP entry, the routine called is CATCHPP.
It is determined in that module if the entry is a field change entry; if
so, FIELDCH is called. If the entry taken is a CDUMP entry, RDCHAN is
called. RDCHAN screens those entries that are requests for field length
changes; these it calls FIELDCH to handle.

The program was designed to call JBACCT, the job accounting routine
that records data when a job begins or ends, only when the job's field |
length went from a value to nothing when it was not rolled out (signify-

ing that it had finished) or from zero to something with no previous record
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of the job (meaning it was beginning). Therefore, JBACCT was only
called through FIELDCH. However, we have discovered that the sequence
of events is not that dependable; there are especially variations in
job—ending sequences, with the local file manager called from the job's
control point after the job's field length has gone to zero, to clean up
local files. This has caused us to call JBACCT from CATCHP? as well as
FIELDCH.

There are two small modules to keep track of the peripheral pro-
cessor (PTRACE) and control point (CTRACE) usage. These are called when-
ever a control point or peripheral processor is assigned or dropped.

There is one service routine that generates most of the histograms
(HIST), the end of the job channel program, (CHNWRT),-the routine that
keeps track of the number of physical record units written per channel

(PRUC), and an error routine that prints data errors.

CATCHPP

This module takes the two-word PP entry; if it is a field-change,
it calls FIELDCH and returns; otherwise, it tests to see if the eatry is
an assign or a drop PP. If it is an assign, the PPACT tables are up-
dated, PTRACE is called, and the program returns; if a drop, the histo-
gram tables are checked for the name of the PP program; if it is not
there, it is added. In every place where the histogram tables are
updated, the procedure is the same: for instance, if we had a drop PP,
we would read in the drop entry the name of the PP program; we would
obtain from the PPACT tables the time.that the PP was assigned; in the

PP drop we have the time of the drop, so we subtract the two and use the
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function routine ICAL to find which position gf the histogram table to
update. We would then add one to the proper position (as determined by
ICAL) of the proper table (determined by the name of the PP program).

We also add the actual time difference inta the corresponding percent
table. These are actually parallel tables, one with the count, the
other with the actual wvalue, so that we can tell not only how many times
calls of that duration occurred but also what percentage of the entire
time was spent in calls of that duration.

CATCHPP updates CPU time, real time, and wait time per PP program
name; it also calls PRUC for PP drop, so that the histogram tables for
the number of physical record units per channel can be updated.

RDCHAN handles the assigns ana drops for the channels; if it is
an assign, the CACT (channel accounting) table is updated, and the
program returns. If i; is a drop, RDCHAN finds the name of the PP
program that was in the PP that held the channel (through PPACT) and
posts the time to that PP.

The histograms to be generated for channel data are very detailed:
there are as many as 18 PP programs that use some of the channels, and
with 12 channels, that gives us an extremely large number of histograms.
Therefore, the channel activity is filtered and written to several files;
one per every two channels. The end of job program CHNWRT then reads
these files and generates the histograms. This means that, although we
only read the input data once, we are having to make one pass of these
intermediary files per chamnel, which is very time-consuming. A further

refinement of this program would be to find out precisely which histograms
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are necessary per channel, limit the number of histograms produced, and
keep the tables in memory as is done with CATCHPP.

One problem that occurs in posting the time that a channel is held
to the calling PP program is that frequently PP's are requested by one
PP program and then handed over to another PP program, without going
through the request protocol. We especially see this with 1AJ and 1SJ—
(system scheduling program)--1AJ might bring in the loader "over itself,"
which is not seen by the aﬁalysis program until the PP is dropped under
another name than it was requested under. This gives CATCHPP no problem,
as it charges PP time to the dropping PP name; RDCHAN, however, has
available only the requesting name, and that name is, therefore, the name
that is charged with the time. It was decided that this was unot enough
of a problem to us that we would need to do the extensive reprogramming
necessary to delineate the time spent in 1AJ and 1SJ and the various
service programs that they call; if at any time it becomes necessary to
do so, the solution would be to hold the drop of the channel until the

PP dropped and then post the times.
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