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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 

wait 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/O 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. 

Chatpen Three is the data; Chapter Four, an explanation of the data and 

the conclusions drawn.
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CHAPTER ONE

GOALS OF PERFORMANCE EVALUATION

Lucas'^" 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 Monitors

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.Events so probed may be channel
4 activity 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 
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monitor 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 60% of the time the monitor is sampling, then 

the conclusion is that the disk is busy 60% 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 
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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 events 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 computer.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 Mclsaac ,

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- 
1 13erence and determine if that reference would be off-page. Pinkerton, 

in his dissertation, was interested in storage algorithms and used a 

software probe to determine the state of the system before and after im

provements suggested by his study. He published statistics dealing with 

I/O delays, page request delays, CPU intervals, and terminal I/O delays. 
In Shemer and Keying*s study^^ 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 system 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 Jackson? 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, 
g 

and Wilhelm takes this type of analysis one 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 was concerned with CPU burst 

times and that is what they monitored.
12The Margolin, Parmelee, and Schatzoff 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.
14Noe and Nutt 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 turnaround time. The figures Noe and Nutt believed 

important were: job dwell time at control point; job dwell time in out

put queue; job turnaround time, number of control points in use (from a 

sampling monitor, not the day file); program size, job dwell time in 

input and staging queues.
In her thesis Eleanor Lester"^ 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-
2 bution curves. In John Boyse’s study of execution characteristics of a 

page on demand system a more detailed approach is taken: he is interest

ed in such measurements as page waits, number of I/O requests per run, 

I/O time per run, real and virtual pages per I/O and CPU interval. An 

attempt was made to fit some of the data to standard distributions.

1-5



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, however, 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 
Philips"*" study of the Pitt time sharing system on an IBM 360 focused on 

CPU utilization by job type, time spent in user, supervisor, I/O overhead 

and idle states and the transition probabilities of moving from one state 

to another, and time slots given to one user before seeking another.
3

Bryan’s 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 program size, user 

session time, user compute size, compute bursts, total task turnaround 

time, and interaction time.
9Jalics’ dissertation is a performance evaluation of the PDP10. He 

studies runtime (CPU time) between I/O, realtime between I/O, processor 

queues, disk wait queues, terminal I/O queues, job queues, swaps, file 

accesses, terminal interactions and disk interactions.
15The dissertation by Schwetman is a performance evaluation of a 

CDC 6600. In it he studies disk channel availability, pool peripheral 

processor availability, disk half-track scattering, control point availa

bility and central memory availability.
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Both Schwetnan and dalles cite the need for more definitive studies 

of computer systems. Data is needed about how large-scale 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 reliability;

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-I/O, 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. Design of a 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/O 

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 constructed 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 posi

tion in the barrel is the "slot." The slot lias the circuiting to connect 
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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 

among 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/O xrork to be done. (This xvill 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 

occupied 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 
• 1 4- 17simulator.

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, xvith a data rate of 61 K xrords/ 

sec,50 millisecond latentcy time and average seek time of from 50 

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 tx<o 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 console 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 monitor and PP monitor. PP 

monitor is resident in one of the 10 peripheral processors: it calls 

other PP routines, or itself performs the functions of assigning equip

ment, assigns mass storage space (that is, disk space), assigns channels, 

processing day file messages (more about the day file follows), interlocks 

I/O 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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use of "control points." In the system under study there are 20 control 

points, but tills 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. If, 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 next to the last is assigned to the system process 

that monitors the remote data terminals (called the import/export system). 

The one above that (number 20) is assigned to BATCHIO, the routine that 

handles I/O 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 console. If 

the operator decides for any reason to not allow teletype jobs to run 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 lowei 

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 channel 

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 peripheral 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 Philosophy

This is a request/acknow’ledge system, as opposed to the other major 

computer architecture, the interrupt system. The advantage to a request/
18 acknowledge system is the purity and discipline of design 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 control. 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 program 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 another 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 trill 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 XTrite a one or 

two word entry into one of two buffers, depending on the service request. 

The buffers are called the file buffer and the channel buffer. The file 

buffer is for requests trapped in CPU monitor. These include requests 

for peripheral processors, requests for field length changes, and reloca

tion of the relative address 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 xras for a peripheral 

processor, the time is recorded. When a processor is assigned, two words 

are x^ritten 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 Xfell as the wait 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 

register 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 point checks these pointers each time-slice 

it is given control; it empties the buffers to disk or tape files and 

resets the pointers.

The data from the probe is then analyzed by the analysis program. 

This program breaks doxm 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). In 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 U-fE has several occurrences past the

4.0 second mark; if the scale x^ere larger these would not all be accounted 

for at lr4.0 and above" level but spread out, so the variations xrould be 

visible; 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 txvo hours worth of data 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 xrords 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 xrords 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 

time began, (4) peripheral processor wait time, (5) field length, 

(.6) origin, (7) the number of field length changes, (8) the number of 

I/O calls, C9) last time it vzas rolled out, (10) total amount of time 

spent in PP calls, (11), (12), (13) the CPU time of last field change, 

I/O 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 one.

PPACT: peripheral processor accounting table; it includes 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 xrord is zero; 

(2) job name of the job calling for the service provided by the peripheral 

processor; (3) real time the PP was assigned; (4) job CPU time the 

peripheral processor xras 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 channel: (1) x^hich PP is hold

ing the channel; (2) the real time the channel was assigned.

The pre-processor program reads the fHe 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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f-imp. PP’s were assigned, etc.) These are all assumed to be begun at 

the time the run started. These 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 that 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, RDGHAN 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 CATCHPP 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, (CHNT'JRT), the routine that 

keeps track of the number of physical record units vrritten 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 entry 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 of 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 into the corresponding percent 

table. These are actually parallel tables, one with the count, the 

other with the actual value, 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 and drops for the channels; if it is 

an assign, the CACT (channel accounting) table is updated, and the 

program returns. If it 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 witten 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 channel, 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 analysis 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 not 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 xrould be to hold the drop of the channel until the 

PP dropped and then post the times.
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Y *4********** 44*4****444*4***444*4*44 *44*
T ************ *4***444**44**44*4*4*44* *4*4
Y ******************** **************44******** 4**4
T ******************** *4*44*4*4*4****444*****4444*4444 4 4 4 4

^5 y ******************** 4****44**4444**444**4**4*4****4* 44*4**** ♦ ♦*♦
Y ******************** 4**44****4****444*444444******4* 44*4*4*4 444*
Y 4444444*444444444444 **4****4**********4*44***4*****4 444**4**4444 ♦ 4*4
T 44444444444*4444444444v44444 44**********44*44*4********4**** *44***444*** * * 4 *
Y 44*444*4*44444*4444444**444444*44443^***44444****44444****44****444**4**4**4**4444*44 4**4

p T*4*4*4**444***4****44444444444444444444;
0 5 10 15 20 30 A0 50 60 70 80 100 120 140 160 180 200 300 400 500 600 700 800 1.0 1.5 2.0 2.5 3.0 3.5 4.0

PER CENT 0030010000 0 14266 11 2 01330 50 0 0 0 0 0 0
TOTAL OCCURENCES 3479.00
TOTAL TIME 919A83.00
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PER CENT 0000232321521110 15 611527 30 000000
TOTAL_ OCr,IJRENC_ES 268.00::1
TOTAL TIME 35336.00

PERCENT BETWEEN 0 AND <tO MILLISECONDS 7.52 OVER 40 AND UNDER 140 MILLISECONDS 17.31 
OVER 140_ ANO UNDER 400 MILLISECONDS 26.98 OVER 400 AND UNDER 1.5 SECONDS 48.19 1.5 AND OVER 0.00 
MAXIMUM TIME 1401

 



00 CHANNEL, HOLD TIME FO^ PP ROUTINE 1AJ
____ ..50 0 T_____ _______________ _ __ ___________ _________

4°0 I
z, R Q___ £___________________________________________________ * » » ♦
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_3 0 0 I \ ’ ¥¥¥¥¥¥¥♦ ‘ ¥•¥¥¥
290 I »¥•¥¥¥¥¥¥ ¥¥¥¥
280 I ¥¥¥¥¥¥¥¥ ¥♦♦♦
279 1 ¥¥¥¥¥¥¥¥ ¥¥¥¥
260 I_____ - ♦¥♦¥»¥¥¥ ¥¥¥♦
250 I ¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥
240. I ¥¥¥¥¥¥¥¥¥¥¥¥ *¥¥¥¥¥¥»
230 I ¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥
220 I ¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥ »¥¥¥
21C I ¥¥¥¥¥*¥¥¥¥¥¥¥♦¥¥ ¥¥¥*¥¥¥¥ ¥¥¥¥
200 I ¥¥¥♦¥¥¥¥♦¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥ ¥¥¥¥
190 I ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥ ¥¥¥¥¥¥¥¥ ¥¥¥¥
180 I ¥¥¥¥¥¥¥¥¥¥♦¥¥¥¥¥ ¥¥¥¥ ¥*¥¥¥¥¥¥ ¥¥¥¥
170 I ^¥¥¥ ¥¥¥¥¥¥¥¥¥¥¥¥¥¥»¥ ¥¥¥¥ »¥*¥¥¥¥¥ ¥¥¥¥
16 0 I ¥¥¥♦¥¥¥¥ ¥¥¥¥¥♦>¥¥¥¥¥¥¥♦¥ ¥¥¥¥ ¥¥*¥¥¥¥¥ ¥¥¥¥¥¥¥¥
150 I ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥■¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥
140 I ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥
130 I ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥

__________ 12.X I ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥♦¥¥¥¥»¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥
110 I ¥¥¥¥¥¥¥¥¥¥¥♦*¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥

__________ 100 I ¥.¥¥»¥»¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥*¥¥*¥¥¥ ¥¥ ¥ ¥ ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥ ¥¥¥¥¥¥¥¥
90 I ¥¥¥¥¥¥¥¥»¥¥<-¥¥¥»¥¥¥»¥»¥¥¥¥¥¥¥¥¥¥ ¥»¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥
80 L ¥¥♦¥¥¥**¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥
70 I ¥¥¥¥¥¥¥¥¥¥¥¥¥>¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥
£0. I ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥*¥¥¥¥
50 I ¥¥¥»¥¥¥¥¥¥¥¥¥¥¥¥¥*♦¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥
40 I ¥»¥¥¥¥*¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥.¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥
30 I ¥¥¥¥¥¥¥»¥¥¥♦¥¥*¥¥¥¥¥¥¥*¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥*¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥
20. I «¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥ ¥¥¥¥¥¥¥¥¥¥¥¥
10 I »♦ ¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥»¥¥¥¥♦¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥♦♦¥¥¥¥¥¥¥¥¥*¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥

0 **** * ¥¥¥¥¥¥¥¥¥¥*¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥¥
0 5 10 15 20 30 40 50 60 70 80 100 120 140 150 180 200 300 400 500 600 700 800 1.0 1.5 2.0 2.5 3.0 3.5 4.0

PER CENT 00000000 1 14311329720011 28 25 00000
T 0 T A L_O C.C U R I? IC F 5 3676.00
TOTAL TIME 1029960.00

PERCENT BETWEEN 0 ANO 40 MILLISECONDS .92 OVER 40 AND UNDER 1AQ MILLISECONDS 12.48 
OVER 140 AMD UNDER 900 MILLISECONDS 26.29 OVER 400 AND UNDER 1,5 SECONDS 15.21 1.5 AHD_aVEB.
MAXIMUM TIME 1918

25^X0.



01 CHANNEL, HOLD TIME FOR PP ROUTINE 1AJ
__________ 600 I__________________________________________________________________ ;____________________________ ________________________________________ ________________________________
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I ♦ ♦♦♦♦♦♦♦*♦***♦♦♦♦♦* 4 4 444444 4444444444444444444 44444444

_________ I 444444 4 44 4 ♦♦♦ 4 4444 ♦♦♦♦♦♦ 4 ♦ ♦♦♦♦»♦ ♦♦♦♦♦♦♦♦♦♦•♦♦♦♦♦» 44444444
I 4444444444*4* 4 444444**4*4444*44444*444444444444'4V444 V » » 4 ♦ 4 4 4
T 444444444 4444444444444444444444444444444444444444444 444444444444

60 I 44444444444444444444444444444444444444444444444444444444 4♦** ♦♦♦♦♦♦♦♦*444
I ♦ ♦♦♦*♦44 V- 4*»4*44*4 •4V4444V** '4 4**44*44* *44 *<**444*44444V4 4 4444* ♦ ♦♦ ♦ 4444*****4*4
I **4*444444*****V4****4*4*****444**4*4*44444V44*4**444*4*4**4*4*-^*44* **44*4*4*4*4
T 4444444444444444444444444.4 44444444444444444444444444444444444444444444444444444444444444.4444
I *4***V-*********4X44*4 4 4444*44*44*4*4*4**444*¥-44*444V*******44*** <•♦***♦***♦♦♦♦■**♦♦**»♦♦***♦♦♦

0 5 10 15 20 30 AO 50 60 70 80. 100 120 1A0 160 180 200 300 400 500 600 700 800 1.0 1.5 2.0 2.5 3.0 3.5 4.0

PER CENT 0000000112663223 10 22427 18 18 000000
  ID TAL_Q C GJJSLMCiS SiOiJJJ) _______________________________
TOTAL TIME 753954.00

PERCENT BETWEEN 0 ANO 40 MILLISECONDS 1.13 OVER 40 AND UNDER 140 MILLISECONDS 19.18 
oyE.R_140. .and UNDER 400 MILLISECONDS 25.37 OVER 40 0 -ANO UNDER 1.5 SECONDS 54.32 .1.5...AND_D3/.ER---------
MAXIMUM TIME 1391



1A JOt CHANNEL, WAIT TIME FOR PP ROUTINE
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10 {♦**#****♦***»»****♦♦♦****»*'♦♦**♦*♦»* 4444 
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*¥1V*W**W»**»*V*W^-*»**VV4¥*-»i?.»*  ̂ 4 4 4 4
'£444444444444 44 44 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 44
*»¥¥¥¥¥♦»¥¥¥<• * * •* * y y. AA 4 ¥ ¥¥¥¥¥»»-*4 ¥»¥¥¥¥¥¥¥¥¥¥¥»♦»¥¥¥¥

5 £4*44444444444444444444444444444444444444444444444444
T¥¥¥¥¥¥¥¥¥¥¥¥V*¥¥¥¥¥¥¥*¥»¥*¥¥¥¥¥¥¥¥4¥¥»4*¥4V¥¥¥*¥»V4 •**¥¥»  
^¥*¥¥¥¥¥¥¥¥»¥¥»¥¥¥¥¥¥V¥»¥¥¥¥4¥44444444444444444444444444*

4 44 4 444.4
444444444444
444444444444

T444444444444444444444444*4444444444*444444444444444444444444444444444444 444*
J¥¥¥***4¥¥¥¥¥*4¥¥¥¥¥**¥»*¥*¥*¥ 4.4 * 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 4 44 4 4 * 4, 4 V 4 4 4 4 4 4 ♦* 4 4 4 4 4 4 4 *’4 * 4 4 4 4 4 4 4 4 4 *4 4

Q ¥ 44444444444444*4444444444»»44444444**444444444444 4 44**4444* **4 44444*4444444444444*444444444444444*444444444444

"0 5 10 15 20 30 40 50 60 70 s"o 10 0 120 140 160 180 200 300 400 500 600 700 800 1.0 1.5 2.0 2.5 3.0 3.5 4.0

PER CENT 0 0 0 1 3 5 5 5 5 3 8,4 5 3 1 5 5 9 2 6 3 4 4 0 0 fl 0 0 0 0
TOTAL 0CCURENCFS____________ 231. 00______________________________ :____________________________________________ :___________________ ‘________________________
TOTAL TIME 17231.00

PERCENT BETWEEN 0 ANO 40 MILLISECONDS 12.31 OVER 40 ANO UNDER 140 MILLISECONDS 33.99
OVER . 140_ AND UNDER 400 MILLISECONDS 31.26 OVER 400 AND UNDER 1.5 SECONDS 22.44 1.5 ANO OVER 0.00
MAXIMUM TIME 855



04 CHANNEL, WAIT TIME FOR PP ROUTINE 1AJ
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, -I
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J • ********
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£ 4/. » V * * * * * * ***.
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j ********************
£ ********************
T ******************** . '  
£************************

2 Q J **********************  * * 
£************************ 
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£********** ******************** 
J ******* *******¥** ****♦-♦••* ******* *

10 J *** M V-****** * ****************** V * *#** **** .
£ **¥*****¥************¥*******♦****** * * * * * * V »* * * *
£************ **************************** At ************ * ** ¥ ****
J * ¥**¥**¥*¥¥¥ * ¥ ¥ ¥¥¥*¥*¥¥¥*¥¥¥*¥* 44 ************************  v *¥¥*.»************ * 
T* ¥*¥»*¥¥*¥¥¥¥»¥**¥»¥* A< ¥¥¥¥¥¥*¥■*•¥•¥¥*¥*¥¥¥¥¥¥¥¥*¥¥¥**¥¥¥*¥♦¥ At »¥***¥♦¥ ¥¥*¥¥» *¥¥¥¥■¥*¥¥¥¥*»♦¥*¥*»*

f> T ¥ A<.¥¥*¥*¥¥¥»¥¥¥ At ¥¥*¥*¥¥¥¥¥¥¥¥*¥¥*¥*¥¥¥ At ¥¥¥ ¥ * *¥*¥¥*¥***¥*¥* a^*** * * »**¥**»¥ At4¥¥¥¥*¥*^^y**********************¥**¥**¥*¥**¥¥¥¥
0 5 10 15 20 30 40 50 60 73 80 100 120 140 160 180 200 300 400 500 600 700 800 1.0 1.5 2.0 2.5 3.0 3.5 4.0

PER CENT 0 0 12321 2112.2222284 05647 30 0 0.0 00 0
____________ID IA!__ DC C URENHES____________ IlS^QjQ_____________________ _________ ,_______________________________________________ :_________________ :---------------------------------------

TOTAL TIME 33242.00

PERCENT BETWEEN 0 ANO 40 MILLISECONDS 11.47 OVER 40 AND UNDER 140 MILLISECONDS 11.94 
.OVER.J,A0.. UNDER 4a.D..,..MILLISE.C0ND.S 22.64 OVER. 40 0 ..ANO UNDER 1.5 SECONDS Si.95. 1.5 AND..OVER.
MAXIMUM TIME 1101

0.00
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PER CENT 00001130001 3 3200 15 111340 54 000000
T 0 T A L_O C C U R E T±C£S 3195.00
TOTAL TINE 813953.00

PERCENT 3ETWEFN 0 ANO 40 MILLISECONDS 2.97 OVER 40 AND UNDER 140 MILLISECONDS 5.55
___ OVER _i40 ANu UNDER 400 MILLISFCONDS 24.75 OVER 400 ANO UNDER 1.5 SECONDS 66.73 1.5 ANO OVER

MAXIMUM TIME 1277
0.00



I

TOTAL TIME 270173.03

05 CHANNEL, WAIT TIME FOR PP ROUTINE 1AJ
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03 CHANNEL. HOLO TINE FOR PP ROUTINE 1MT
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13 CHANNEL, HOLD TIME FOR PP ROUTINE 1MT
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CHAPTER FOUR

ANAI.YSIS

One of the problems of statistical analyses is the tendency of the 

statistics to be ovemhelming. The following 95 histograms and one table 

are no exception. In order to present them in a comprehensible manner, 

we shall divide them into three classes: channel statistics, peripheral 

processor statistics, and job statistics. These are not independent areas. 

However, the separation is necessary for understanding.

The following data was gathered from approximately six hours of 

sampling.

Channel Statistics: Histograms 1-52

The figure of interest in this section is the balance of utilization. 

This was developed by Schwetman, and is the ratio of the holding time of 

a resource to the sum of the wait and holding times. The ideal balance 

of utilization is 1—the wait time is zero in that case. As the wait time 

increases, the holding time remaining constant, the balance figure goes 

to zero. We use the balance of utilization figure to determine where 

there are bottlenecks in the system. It is not an effective measurement 

of the efficiency of a device. For instance, the balance of utilization 

for the card punch is one—very seldom will more than one job be punch

ing cards. Yet, no one would recommend adding more card punches to a 

configuration because they are efficient output devices. What we are 

interested in is whether a device is in contention and creating a bottleneck.
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The first two channels (0 and 1) are attached to 808 disk subsystems.

The balance of utilization for these channels vzere .77 and .84. The 

other disk channels (4 and 5) are attached to 844 disk systems; their 

balance of utilization was .73 for channel 4 and .68 for channel 5. Each 

of these channels is used for both system and scratch activity, so a strict 

comparison with the balance figures that Schwetman obtained for the CDG 

6600 at the "University of Texas is not possible. His figures, are from 

.81 to .83 for the channels for scratch devices and from .55 to .70 for 

the channel for system use. Tt is apparent, however, that the two sys

tems are about the same.

It is possible for the system under study to also isolate the system 

activity to one device. This will be discussed in a later section.

The two peaks in each of the histograms for channel holding time for 

channel 0 and channel 1 are interesting. These can be seen in histograms 

1 and 4. The time between them is from 30 to 60 milliseconds. The 808 

disks have a rotational speed of 53 milliseconds per revolution; this 

double peak represents missed revolutions. There are 49 sectors per 

track on the 808 disks. These are arranged so that the peripheral pro

cessor that is controlling this channel can read one sector, store the 

data in central memory, and access the next sector before it passes the 

read/write head. This is done by "half-tracking." This is a GDC feature 

in which there is a difference between physical addresses and logical 

addresses. There are two logical tracks for each physical track. The 

sectors are arranged checkerboard fashion on the physical track, so that, 

for instance, logical track sector 1 is not contiguous with logical track
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1, sector 1, but instead with logical track 2, sector 1. This allows 

about 1 millisecond between the time logical track 1, sector 1 is read 

and the time logical track 1, sector 2 comes under the read/write head. 

The design philosophy is that the PP will have that 1 millisecond to 

store the data and access the next sector. However, if it takes longer 

than one millisecond. It will have to wait an entire revolution (50 

milliseconds) to obtain the data. This appears to be happening for over 

one-tenth of the accesses of the 808*s.

This is a subject for further investigation. Wat is taking so long 

that we miss the data? Another possibility is that these are multi-track 

accesses, and the disk read/write heads must be repositioned, which could 

cause a missed revolution. One of the keys to improving this system is 

to determine the cause of this delay, and improve it.

It is difficult to determine if the 844*s have the same problem.

They have a rotational speed of one revolution per 20 millseconds, so the 

missed revolution may appear in the histogram bar next to the peak bar 

in histograms 6 and 8. Perhaps a finer scale would show a double peak 

here, also. They are arranged so that there are more sectors per track, 

and two interveing sectors beteeen logically contiguous sectors, so that 

there is still about one millisecond allowed to process the data and 

return to get the next sector. Therefore, if we have a PP or central 

memory timing problem, the problem would affect the 844's also. The 

problem of the missed revolution is most apparent on the 808*s.

Another problem area is apparent when the histograms for the PP 

programs that use these channels are studied. Although the analysis 
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program produces histograms for all the PP programs that use the channels, 

the ones we find of particular importance are CIO (histograms 11-16), the 

general mass storage I/O handler, 1RI, the roll in routine, histograms 

17-24, 1SJ, histograms 33-40, and 1AJ, histograms 25-32. 1SJ and 1AJ are 

the system schedulars that, among other services, call.lRO .to roll, out 

jobs, and PPM, the permanent file manager. CIO dominates the figures 

because it is the greatest user of the disk channels—from 1/2 to 2/3 of 

the total times a disk channel is requested, it is requested by CIO. But 

in contrasting the histograms for CIO with the other histograms, we 

identify another problem: the large amount of time spent rolling jobs 

in. and out. The wait times for CIO precisely mirror the time 1RI, 1AJ, 

and ISJ are holding the disk channel.

There are a set of large, interactive (teletype) jobs that use a 

data base management system. Whenever a teletype job requests input, it 

is rolled out until the input is received. These 125k jobs are, then, 

being continually rolled out and in. During the time that they are being 

rolled out or in, the disk channel is not available to other PR’s.

Observe histogram 24. The peak at 100 millseconds is precisely the 

transfer time for a 125k job. This leads us to believe the data base 

management system, which is the only 125k job, has a heavy impact on the 

system.

It is at this point that we consider moving all roll out activity to 

one channel, as was done in the system studied by Schwetman. When this 

is done, the other channels become available for regular I/O. We would 

see a substantial lessening of turn-around time for batch (local and 
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remote) jobs. However, the response time would, decrease; after an 

interactive job is rolled out, it would be longer before it could be 

rolled in again. This is because the system as it stands can roll out 

and in several jobs at a time—one per channel. If we only use one 

channel for roll in/roll out activity, only one job can be rolled out 

or in. at once. If wa decide to not roll out the large jobs, then we 

tie up 125k of memory while waiting for input. A reasonable answer may 

be to limit roll in, roll out activity to one of the disk channels, so 

that performance is not degraded overall, since we will have the other 

disks for fast response.

The permanent file manager PEM, clearly shows the missed revolution 

problem on all disks. This is a service routine that copies one user 

access file to a location where it can be used for local file work. These 

are therefore longer accesses than CIO and it is much more likely that 

there are multi-track accesses. These histograms show double peaks; this 

would seem to indicate a multi-track problem. If that is our problem, a 

better track allocation scheme is the solution.

Channels 3 and 13 are the magnetic tape channels. The histograms 

for HIT, the magnetic tape driver, (numbers 49-50), show the way the tapes 

are accessed in this system. When a request for a tape is made, 1MT gets 

a PP, then queries the channel to see if the tape is ready yet; if not, 

1MT releases the channel and the peripheral processor. It is for this 

reason that the histograms for the tape channels show so many (70 percent) 

very short channel holding times. When a tape is ready, the controller 

moves the tape for a usually set distance: about 20 feet. At 150 in/sec. 
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counting start-up time, this gives us the second peak on the histogram 

(from 1.5 to 2.0 seconds). The first peak (60 to 70 millseconds) only 

appears on the histogram for channel 3 and is a subject for further in

vestigation. It may represent short block reads, or error re-reads.

Peripheral Processor Usage

In this system there are 10 peripheral processors. Two are never 

available to user programs. One is assigned to MTR, the peripheral pro

cessor monitor described in Chapter Two, and another is assigned to DSD, 

the console display driver. Additionally, 10D, the import/export (remote 

batch) driver usually is holding one peripheral processor. This leaves 

six peripheral processors for user servicing. These are called the pool 

processors. Histogram 51 shows that all six are free four percent of 

the time. Most of the time there are three or four free peripheral pro

cessors. However, for eight percent of the time there are no free peripheral 

processors. This means that for eight percent of the six hours of this 

sample, a process needing a peripheral processor could not execute.

In order to do any I/O activity, a process must first acquire a 

peripheral processor. Peripheral processors are used for system functions 

also, but the most frequent use is for input/output. CIO is the most used 

input/output routine. Of the 706,923 PP calls of all types that the probe 

detected, 338,105 were CIO calls. CIO histograms 52 and 53 had a balance 

of utilization of the peripheral processors of .87. The comparable figure 

for the University of Texas CDC 6600 system studied by Schwetman was .99. 

We will now explore the reasons for the difference* The reason t<re are 
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interested in this figure is that peripheral processors are one of the 

central resources of this system. When the balance of utilization for 

the peripheral processors is loxt, the system as a whole is seriously 

affected.

Observe that in the previous data for the channel usage for CIO, 

that it had a balance of utilization of around .66 for each of the 

channels. This means that the PP holding time for CIO would be decreased 

by 34 percent if there were no channel wait time. This would be a de

crease of about 8,000 seconds in our sample. We have pointed out that the 

roll in/roll out activity is what is contributing heavily to the wait 

time for the channels. The "UT system studied by Schwetman had relegated 

all roll in/roll out activity to one channel. For the system under study, 

this would mean a substantial increase in wait time for roll out/roll in 

activity. But IRO, which rolls out jobs, holds a PP only 12 percent of 

the time that CIO holds a peripheral processor, 3,619 seconds. Therefore, 

it would take 100 percent increase in roll in/roll out time (twice the 

holding time of IP.0) in order to offset the lessening of the holding time 

of CIO obtained by relegating all roll in/roll out activity to one chan

nel. Thus, the reason for the better balance of utilization for the 

peripheral processors on the system that Schwetman studied may be that they 

allowed the degradation of roll in/roll out times in order to improve 

total system performance. They had an essentially batch system.

The analysis program produces histograms for the time that a PP pro

gram holds a processor (the real time), the time between the time that a 

request for a PP was made, the time it was assigned (the wait time), and 
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the overlap time, for every PP program called during the probe period. 

Only the particular programs of interest are included here. The overlap 

time is the time that a process keeps on executing after issuing a PP 

call. The only PP program that exhibited any degree of overlap was CIO 

(histogram 53). The programs calling CIO continued to execute for 23 

percent of the. time CIO held the peripheral processor. This time is 

determined by reading the job’s CPU time when the PP is assigned, and 

again when the PP is dropped. The high amount of overlap for CIO prob

ably results from the installation’s heavy use of a standard CDC COBOL 

sort. This sort is highly efficient. Another example of its efficiency 

is that it often issued calls for more than one PP at a time.

The histograms for 1RI, 1R0, and 1AJ (numbers 55-62) are included 

because it is important to see the amount of roll in/roll out activity 

going on. 1AJ frequently brings 1RI into the PP that it was occupying, 

without 1RI going through the normal request protocol. Hence, some 1RI 

activity is in the histogram for 1AJ. Note that the wait time for 1SJ 

closely resembles the histograms for roll in/roll out activity. This 

is because 1SJ is a system schedular and is in contention for the periph

eral processors at the same time that roll in/roll out activity is taking 

place. The amount of time spent in 1SJ is quite large, and one of the 

areas that this evaluation shows should be studied.

PPM, histograms 63 and 64, the permanent file manager, was active 

only .1 percent of the time. The histogram also reveals an area for 

study. PPM, because it reads and writes permanent files, would be ex

pected to have a long-tailed distribution. The files can be very long. 
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multi-track, and take a long time to copy. But PFM is taking over 1.5 

seconds for 30 percent of the time. This is an area for further investi

gation.

Process Characteristics

In this section we are concerned with the balance of the system load 

for this system.

The system under study is used by a large educational service center. 

The local batch processes are concerned with payrolls, student rosters, 

class scheduling, inventory control, statistical analysis, etc. There are 

many large sorts that take place; there is very little use made of the CDC 

6600*s fast arithmetic capabilities. Although Thornton, in his book. 

Design of a Computer: the CDC 6600, states that the 6600 was designed for 

scientific work, we find that this machine is being used as a business 

machine. The remote batch terminals are, for the most part, placed in 

school districts that use this computer rather than buy one of their own; 

their work is precisely the same type as the local batch work.

The teletypes are used for three major purposes: the in-house pro

grammers use the teletypes for program development; there are teletypes 

used by students, for (usually small) student jobs, and there is a large 

data-base management system. There is a little computer aided instruction 

but not much.

Day File Statistics

The day file is a system accounting file that can be analyzed to 

determine the use of the system. In a typical monthrs xrork, the day file
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showed that this system was used in the following vay:

works for a tape.

Number 
of Jobs CP Time PP Time

Disk PRU's 
Transferred

Tape PRU’s 
Transferred

Local Batch 12% 48% 48% 52% 98.6%
Remote Batch 44% 35% 45% 46% .6%
System 9% 9% 3% 1% .7%
Teletype 34% 4% 3% 1% .01%

TOTAL 44827 2313627 5777514 1234103 613298

A PRU is a physical record unit: a block of 64 words for a disk, 512

This shows that the remote batch and local batch have about the same 

effect on the system. Although the teletype users have many jobs, the 

impact of the small jobs is very slight.

It is apparent in contrasting the day file analysis and the statisti

cal analysis performed by us that many system functions that are user 

services are being charged to the user, not the system. This is correct 

in some cases (i.e., copying files) but incorrect in others (roll in and 

roll out activity clearly should be charged to the system). Our analysis 

shows much heavier system impact than the day file does, for this reason.

Histogram 67 shows the use of the channels by type: type 0 is sys

tem, type 1 is local batch, type 2 is remote batch, type 3 is the tele

type processes, and type 4 is for multiterminal jobs. These are system 

assigned types which the probe program simply picks up and records. Type 

4 is an anomoly—there are no multiterminal jobs. There is currently 1 

multiterminal job (type 4). This is the basic sort for the teletype line

editing system.
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We show that the main user of the disk channels (0, 1, 4, and 5) 

was type 2, the remote batch processes. Teletype jobs were the next 

most significant users of the disk channels, with system and local batch 

next, and, last, multiterminal jobs.

The magnetic tape drives, on channels 3 and 13, were only used by 

1MT, which, is the magnetic tape driver. This driver is assigned through 

a system job; therefore, the type we record is type 0, system, although 

the main user of the tape drives is the local batch type.

The other channels listed do not pertain to this study. Channel 2, 

while not currently in use, will be the channel for a front-end system. 

The system was being tested during the period that was probed. Channels 

6, 7, and 11 are multiplexors for terminals; channel 10 is the console 

display channel; channel 12 is the unit record equipment channel. The 

other channels listed are dummy channels, some are used by the system.

Histograms 68-72 are concerned with peripheral processor usage by type. 

Origin 0, the system, used 6 peripheral processors most of the time. This 

makes the system the heaviest user of the peripheral processors, with 

origin 2, remote batch, next, and then teletype and local batch.

The histograms for real time (73-77) for the jobs by type show the 

system jobs are the ones with the longest duration. This is understand

able, since some system jobs reside at a control point and stay up the 

whole time the system they are controlling is up. During the time of this 

probe, there were 5 such jobs at control points: telex, which controls 

the teletype system; magnet, which handles magnetic tape requests; batchio, 

which handles the I/O for batch processes; export 2, the remote terminal 
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handler; and system, the central memory resident monitor discussed in 

Chapter Two. The last bar on all the time histograms is cumulative—it 

includes every occurrence from that point on. It is clear that all these 

histograms are long-tailed. There were 51 system jobs. There were 40 

batch jobs; 17 of these had a duration of under 5 seconds. The average 

batch time, was 248 seconds. Type 2, remote batch jobs, showed a surpris

ing number of short-duration jobs. Thirty-three percent of these remote 

batch jobs were less than 5 seconds in duration. There was a total of 

292 remote batch jobs. The teletype jobs show the characteristic high peak 

of teletype jobs—there were a preponderance of short jobs. The number 

of long-duration teletype jobs appears only in the percent line because 

there were fewer than 15 of them most of the time but they are sufficient 

to give a very fat, long tail to this distribution. It is interesting at 

this point to contrast the real time and CPU time of the teletype jobs: 

the CPU time is 15,520 seconds, while the real time is 291,661 seconds.

The time for type 4 (the multiterminal sort) reveals that there were 

10 occurrences of teletype sorts that lasted 4 seconds or longer. This 

is another area that should be investigated.

One of the things we learn from looking at the histograms for CPU 

(78-82) time per type is that the scale is too fine. There are too many 

jobs gathered in the cumulative end column to let the true distribution 

show. We are not really interested in the CPU time for system jobs. The 

CPU time for local batch jobs follows the distribution for the real time 

of local batch jobs. The ratio of CPU to real time is .33. The same 

ratio for remote batch jobs was .08, and for teletype jobs was .05. The 
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differences are not explainable by charging the unaccounted-for-time to 

I/O, since teletype and local batch both used the channels less than re

mote batch. This is an area that also should be investigated further. 

It is possible that much of this time is roll out time. The analysis 

program could be modified to give the real time differences between when 

a job is rolled out and when it is rolled in.

The next set of histograms (83-87) display the CPU time between roll

outs. The histogram for type 3 is of particular interest because it 

displays a negative percent. This has been investigated, and it xvas found 

that the CPU time for a job at roll-out time was frequently one or two 

milliseconds lower than the CPU time recorded for the job from the last 

time it xvas rolled out. It is only teletype jobs that this happens on, 

and may be a system accounting or probe program bug. Nevertheless, the 

frequency figures are correct, and show the following:

Type_______
Number 
of Jobs Roll Outs

Roll/Outs
Per Job

0 (system) 51 832 16
1 (local batch) 40 227 5
2 (remote batch) 292 474 2
3 (teletype) 1298 5838 4
4 (multiterminal) 505 1

One of the solutions to the low balance figure in the section on 

channels and in the section on peripheral processors was to slow down the 

amount it takes for a roll out or roll in, in order to improve the overall 

system performance. This would affect the system jobs most, because there 

is more roll-out activity on system jobs. The next most affected would be 

the local batch jobs, then the teletype, then the remote batch jobs.
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The time between I/O requests (histograms 88-92) per type shows that 

system requests for I/O come betwe .n 0 and 5 milliseconds apart most of 

the time; however, observe the percent line: there are some occurrences 

of I/O requests more than 4 seconds apart. This means this is a very 

long-tailed distribution. Forty-three percent of the local batch requests 

for I/O are between 140 and 400 milliseconds apart, so the local batch 

programs do more executing between I/O requests than the other types. 

Type 2, remote batch, shows that the remote batch processes tend to call 

for I/O quicker, with 52 percent of the calls between 0 and 40 milliseconds 

apart. Type three, terminal processes, have the negative percent problem. 

Type 4, multiterminal sorts, had no I/O requests over 60 milliseconds apart.

The last section of the histograms (93-96) displays the wait time for 

field changes by type. One of the probable bottlenecks of a system is the 

memory allocation. What we are investigating here is how long after a 

process requests a field change is the field change granted. The maximinn 

wait time was 7 seconds, for a system job. The ratios of wait time to CPU 

time for the 4 types that requested field length changes T^ere from .008 

for system jobs to .06 for remote batch jobs. In any case, this is not a 

source of a system bottleneck.

Conclusion

The main problem with this system is the wait time for the channels. 

This is caused by two factors: missing revolutions on disk references 

and long roll-out/roll-in times.

The problem of failing to retrieve information on every revolution 

of the disk should be investigated and remedied: either a better track 
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allocation scheme devided; or, if it is a timing problem, the offending 

subroutine corrected. There, is one major drawback to allocating one disk 

channel to system activity, thus slowing do\m roll-out/roll-in activity 

in order to improve system performance. This drawback is that the tele

type users will notice a reduced response time, because teletype jobs 

are often rolled in and out. It is still recommended that one of the 844 

disks be used for this, and the analysis probe run again, to determine 

how much the system improves. Our figures show that teletype users account 

for from 19 to 36 percent of the usage on the disk channels; therefore, 

they would benefit from increased general I/O efficiency. We also showed 

that teletype users are not rolled out substantially more than other users, 

so they would not be affected more than any other group of users.

There are other ways of minimizing the affect of these long roll-out/ 

roll-ins on the system. One vray is to change the 1R0 and 1RI to check the 

bit in the channel table to determine if the channel they are holding is 

needed by another PP, and if it is, to give it up. This would also slow 

down roll-out/roll-in, but it would less consistently do so. If only one 

channel is allocated for roll-in, roll-out activity, no matter how many 

free channels there are, only one roll-out or roll-in may happen at one 

time. With an interruptable roll-in/roll-out discipline, if there are 

free channels, more roll-outs can happen at once.

Another way of improving roll in/roll out time is to have two dif

ferent priorities for rolling jobs in. The high priority would be for 

the teletype jobs, so that their response time would be kept high. The 

low priority would be for batch jobs, which would slow down their response 
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time. However, the increase in the efficiency of the system may be 

enough to overcome the slow-down of the batch jobs and result in a de

crease of their total realtime.

A third way of improving the roll in/roll out situation is to write 

a speical track, allocation routine for the 808 disks for roll in/roll out 

activity. This would take advantage of their faster data rate and make 

more efficient use of the 808 disks.

A management decision needs to be made here, too. If more accounts 

are to be acquired that use the data base management system, they will 

seriously degrade the system unless either the data base management pro

gram is made Smaller, or new devices for roll-out/roll-in activity, such 

as extended core storage, are also acquired.

The 808 disks have an average holding time of 80 milliseconds, com

pared to the 844 disks, with an average holding time of 50 milliseconds. 

It is recommended that the 808 disks be replaced with 844 disks, unless 

the track allocation for them is changed as suggested above.

The balance of different types of jobs on this system’has made it 

interesting to study. It is apparent that the teletype jobs are not a 

minor part of the system; even with the roll in/roll out problems dis

counted, the teletype jobs make a substantial demand on I/O resources. 

The remote batch jobs, of course, are the heaviest users of the system.
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GLOSSARY OF TERMS

pp peripheral processor

roll out/roll in the temporary transfer of a job from central memory 

to a disk, and the transfer back into central memory

1AJ, ISJ peripheral processor routines that act as system 

schedulars.

IRQ the peripheral processor routine that rolls out jobs

1RI the peripheral processor routine that rolls in jobs.
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