




















efficiency provides a time advantage, but more main 
storage space is required. rn practice, the amount 
of record blocking that can be done depends on the 
amount of main storage available for the larger I/O 
areas that are required to accommodate long 
physical records. If a file is used in several runs, 
the run with the least amount of storage available 
for record blocking will determine the block size 
for all the other runs. 

The following table shows the effect of record 
blocking on file passing time. The file contains 
20, 000 eighty-character records. The r/ a device 
being used is 7330 tape; density is 556 characters 
per inch. 

A verage time 
Blocking Block to read or Number A verage file 
factor length write a block of blocks --- pass time 

80 ch. 24.7 ms 20,000 8.23 min. 
2 160 ch. 28.7 IDS 10,000 4.78 min. 
S 400ch. 40.7 IDS 4,000 2.71 min. 

10 800 ch. 60.7 IDS 2,000 2.02 min. 

One other advantage of blocked records should be 
mentioned. Although blocked records require more 
space in the main storage of the computer, they 
require much less space on a magnetic tape or disk. 
This is because blocking reduces the number of inter­
record gaps and consequently increases the amount 
of space used for data. The interrecord gap on the 
7330 tape averages. 75 inches in length. For a 
record length of 80 characters at 556-cpi density, 
the amount of blank space on the tape reel exceeds 
the amount of recorded space until the file is 
blocked five, at which point the two are about equal. 
A 2400 -foot reel of tape can contain about 32, 000 
eighty-character records unblocked; if the records 
are blocked ten, it can contain about 130,000. 

RUN BALANCE 

Record blocking and the use of multiple I/O areas 
each have a different purpose. Record blocking 
increases the efficiency of an r/o operation. The 
use of multiple r/o areas is necessary for concurrent 
processing and I/O operations. Both techniques are 
often used together in order to achieve a balanced 
run. 

Record blocking will always improve the per­
formance of a system that cannot perform simul­
taneous operations; it will often improve the 
performance of a system with this ability. On a 

sequential system - without the ability to do 
simultaneous r/o and processing - run time is the 
sum of all I/O plus all processing. It follows, then, 
that in a sequential system any reduction in either 
I/O time or processing time will be directly and 
completely reflected in the time required for the run. 

When a data processing system has the potential 
for simultaneous operations, the benefits of record 
blocking are less certain. A reduction in I/O time 
does not necessarily cause a corresponding reduction 
in total run time. The minimum time for a run 
performed on a system with the ability to do 
simultaneous operations is internal processing 
time plus all channel interference time. Therefore, 
if the time required for r/o operations is brought 
below this minimum, further record blocking will 
have no effect. The run is then process-limited. 
By definition, a run is process-limited when a 
reduction in the time required for I/O operations 
does not reduce the total run time. When the time 
required for r/o operations is approximately equal 
to the sum of internal processing time plus channel 
interference time, a run is considered to be balanced. 

To illustrate how record blocking and multiple 
I/O areas may be used together to bring a run into 
near balance, assume that: 

1. 10,000 eighty-character records are to be 
read, processed, and written. 

2. 12 ms is the average processing time required 
for each record. 

3. A two-channel 1410 with 7330 tapes is the data 
processing system. 

4. 1600 positions of core storage are available 
for r/ a areas. 

rn one approach, the file might be blocked ten -
as highly as possible with the storage available -
and simultaneous reading and writing (but not 
processing) performed. The sequence of operations 
would be: 

1. Perform an initial read of one 800-character 
tape block (10 logical records) into one of the I/O 
areas. 

2. Process for 120 ms (10 records x 12 ms per 
record) the data records in the tape block just read. 

3. Modify the program so that for the next loop 
the other I/O area is used for processing. 

4. a. Start writing the block just processed. 
b. Start reading the next block into the 

other I/O area. 
5. Wait 60.7 ms for I/O operations to be 

completed - that is, 20.7 + (800 ch. x .050 ms) 
and then return to step 2. Note that the two r/o 
areas are used alternately as process areas. 
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If each file is on a different channel, almost 
complete simultaneity of reading and writing can be 
achieved (see Figure 6). Since records are blocked 
to the limit of the storage available, I/O operations 
have been made as efficient as possible. Storage 
interference is not a factor in the run timing 
calculation, since no processing takes place during 
the read -write operation. 

This, however, is not the best way to design the 
run. None of the processing is being overlapped. 
The program performs I/O for about 60.7 ms, then 
processes for about 120 ms, and so on. Run time 
will be about 181 seconds: 

1000 blocks x (120 ms + 60.7 ms) 
1000 ms per second = 180.7 sec. 

This run can be changed to make more efficient 
use of the 1600 positions of storage that are available 
for I/O operations. If the blocking factor is reduced 
to 5, an additional area in core storage can be 
provided for each file, making a total of four I/O 
areas for the two files, two input areas, and two 
output areas. Now the I/O and processing can 
proceed simultaneously. When the records in an 
input area have all been processed, the channel can 
be set to work to refill it. In the meantime, records 
in the alternate area can be processed. When an 
output area'is filled with processed records, it can 

immediately be written out, and the alternate area 
made available to the program for the assembly of 
a new output tape block. It is now possible to 
perform simultaneous reading, writing, and proc­
essing. With simultaneous operations being per­
formed, storage interference becomes a factor in 
the calculation of run time. Each time a block of 
400 characters is read or written, 400 storage 
cycles are made unavailable to the pr'ocessor. This 
is equal to 1. 8 ms (400 x .0045 ms). A table of 
operations can be constructed that will show time 
for one process cycle, that is, time required to 
write one tape block, process a second, and read 
a third: 

Read one tape block 
Write one tape block 

(simultaneous operation) 
Perform internal Pl'9cessing 

40.7 IDS 

40.7 IDS 

(simultaneous operation) 40.7 IDS 

Do additional processing (60.0 IDS - 40. 7 ms) 19. 3 ms 
Storage interference 2(400 x .0045 IDS) 3. 6 ms 

Total 63. 6 IDS 

The total, multiplied by 2000 tape blocks, equals 
127 .2 seconds, a substantial improvement over the 
180 seconds estimated for the first design. This 
run time cannot be improved by further record 
blocking, for it is already process-limited (see 
Figure 7). 

~------------------------------------------ 1~.7~. 

Read 

Process 

Figure 6. Simultaneous reading and writing, blocked 10. 
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14----------- 63.6 IDS. ---------..-1 

Read (40.7 "".) 

Write (40.7 ms.) 

Proce .. (60.0 ma. plus 3.6 mi. stonge illteriereDCe) 

Figure 7. Simultaneous reading, writing, and processing, blocked 5 

Process time for a block of five records is 60 ms, 
but input and output for the block total only 40. 7 ms. 
When 3. 6 ms of storage interference is deducted 
from the 40. 7 ms available during r/ 0, it is evident 
that the processor can actually accomplish only 
37.1 ms of the 60.0 ms of processing required. 
Therefore, a somewhat lower blocking factor could 
be used without increasing run time. As a matter 
of fact, this run is approximately balanced between 
I/O and processing when the files are blocked three. 
Blocked three, a tape block is 240 characters. 
Average time for rio is 20.7 + (240 x .050), or 
32. 7 ms. Storage interference when one block is 
being read and another written is (2 x 240 x .0045 ms), 
or 2.16 ms. Therefore, while r/o operations are 
being carried out, available process time is 32.7 ms 
minus 2. 16 ms storage interference, or 30.54 ms. 
Since 36 ms are/required to process the three 
records, the job is still process-limited when the 

file is blocked three, although not by much - only 
5.46 ms per block. When a blocking factor of three 
is used, the table of operations looks like this: 

Read one tape block 

Write one tape block 

(simultaneous operation) 

Perform internal processing 

(simultaneous operation) 

Do additional processing 

(36.00 ms - 32. 70 ms) 
Storage interference 2(240 x .0045 ms) 

Total 

32.70 ms 

3.30 ms 
2.16 ms 

38.16 ms 

32.70 ms 

32.70 ms 

This total, multiplied by 3333 tape blocks, again 
equals 127 . 2 seconds. Decreasing the blocking 
factor has not changed the estimated run time, 
because the run is still process-limited. 

When the blocking factor is further reduced to 
two, however, the run becomes tape-limited. In 
this case, not only will all processing be performed 
during I/O operations, but the processor will be 
idle for about 3.26 ms per tape block (see Figure 8). 
Estimated run time is the time required to read the 
file - that is, 5000 blocks x 28. 7 ms, or about 
143.5 seconds. 

- 28.7 ms. ------I_=__~ -
Read 

Write 

Process 

Figure 8. Simultaneous reading, writing and ~cessing, blocked 2 
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DATA CHARACTERISTICS THAT AFFECT RUN TIME 

The characteristics of the data in a run constitute an 
important determinant of run time. Some data 
characteristics have already been mentioned: file 
volumes and record lengths obviously are necessary 
inputs to any run timing procedure. However, when 
several files are present in a run, some secondary 
data characteristics become operative. Secondary 
data characteristics consist of the relationships 
among the files - the way in which one file interacts 
with another or with several others. These re­
lationships are not always easily known, and even 
when known, they are likely to vary from one 
execution of a run to another. 

SKEWED AC TIVITY WITHIN A FILE 

When, during a run, an item in a file is changed, 
that item is said to be active. Activity is usually 
expressed as a percentage of the number of records 
in a file. For example, if an inventory master fi~e 
contains 100, 000. items, and if, during some period 
of time, the status of 20,000 of those items is 
altered by some business activity such as sales, 
purchases, or manufacturing, the file is said to be 
20% active. It is important to know the percentage 
of activity, and also to realize that within that 
overall percentage, the exact pattern of activity 
across the file will affect the amount of time 
required for processing. 

An uneven pattern of activity across a master file 
is sometimes called file skew. This condition can 
upset the balance between internal processing and 
I/O operations, which the deSigner of the run has 
apparently achieved. Suppose that a block of ten 
records requires 60.7 ms for reading or writing, 
and that the entire file is known to be 20% active. 
With an even distribution of activity, any block of 
ten records is likely to contain two records which 
are active. If each inactive record requires 1 ms 
for routine processing, and each active record 
requires 25 ms, the run is well balanced between 
I/O and internal processing. Process time for a 
block equals 8 ms for the eight inactive records: 
plus 50 ms for the two active records, for a total 
of 58 ms. 

This, however, assumes an even distribution of 
activity across the file. It is more likely that many 
blocks will be encountered in which three, or perhaps 
five, or even all ten of the records are active. When 
this occurs, the run becomes process-limited for 
that block. On the other hand, any block which has 
fewer than two active records will be I/O-limited. 
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If the activity across a file is severely skewed -
that is, if some portions of the file are intensely 
active and others hardly active at all - the run 
may be process-limited part of the time and 1/0-
limited part of the time, and much of the expected 
Simultaneity between processing and I/O functions 
may be lost. 

BURSTS OF ACTIVITY 

A 100, OOO-item master file that is 20% active may 
be affected by more than 20, 000 transactions. In 
many cases, individual master records are active 
several times during the run. Several transactions 
all relating to the same master record are some­
times called a burst of activity. 

Taking the example of a 100, OOO-item master 
file known to be 20% active, suppose that it is also 
known that the average run will process 60,000 
transactions. The designer of the run knows that, 
on the average, each active master record will 
have three related transactions. This average 
figure may be deceptive, for in many applications 
some master records are much more active than 
others. Inventory is a good example; most inventory 
master files contain a large number of items with 
very low activity, and a relatively small number of 
items with high activity. In fact, a rule of thumb 
for the inventory application is that 80% of all the 
transactions in a run may be expected to relate to 
only 20% of the master file items. 

Varying bursts of activity, like skew, can cause 
a run to be alternately process- and I/O limited. It 
is also possible for long bursts of transactions to 
disturb the balance between two I/O devices. 
Suppose, for example, that a transaction file is 
punched into cards, and that the run is designed 
with the idea that the card reader will operate once 
for each time that one block of tape records is read 
and written. If the card reader is on a separate 
channel from the tapes, and process requirements 
are such that one card reader cycle is approximately 
equal to the time required for a read-process-write 
cycle of the master tape, the I/O devices involved 
should not interfere with one another, and a large 
amount of simultaneity can be achieved between the 
several I/O operations. Bu t if, in some cases, the 
master file must remain in place while the card 
reader reads a burst of 10 or 20 transactions, it is 
easy to see that an imbalance will exist and that, in 
effect, one data channel will interfere logically with 
the operation of other data channels on the system. 



DEALING WITH SKEW AND BURSTS OF AC TIVITY 
FOR TIMING PURPOSES 

For timing purposes, it is important to know that 
skew and bursts of activity will affect actual run 
time., and that they almost always are present to 
some extent: Any timing method that makes use 
of averages, such as an average of two active 
master records per block, with each active master 
having an average of three transactions, automatically 
has the effect of smoothing out uneven patterns of 
activity and assumes an optimum situation that 
rarely exists. 

If the actual pattern of activity is known, and 
there is a significant amount of skew, the run may 
be considered as consisting of several segments, 
each segment having different skew characteristics. 

As an example of how this might be done, and 
how it might affect a timing estimate, assume the 
following: 

• A System/360, Model 30, that has one selector 
channel and several Model 2, 2400 series tapes 
attached. 

• A master file of 100, 000 eighty-byte records 
(blocked four) to be read and written. 

• A 20, 000 -card transaction file that is read 
from a 2540 card read punch attached to the 
multiplexor channel. 

• About 15 ms of processing time required for 
each active master record. 

• About 6 ms of processing time required for 
the routine handling of each inactive master 
record. 

• Just one transaction card for each active 
master record. 

Functionally, the job looks like this: 
Read 20,000 cards at 1000 cpm 20. 00 minutes 
Read 25,000 tape blocks at 5.55 minutes 

13. 34 ms each 
Write 25,000 tape blocks at 5.55 minutes 

13. 34 ms each 
Process 80,000 inactive records 

for 6 ms each 
8.00 minutes 

Process 20,000 active records 5.00 minutes 
for 15 ms each 

*Selector channel interference 
(16,000,000 bytes at 1. 5 .40 minutes 
microseconds per byte) 

**Multiplexor channel interference .90 minutes 
(2. 7 ms per card) 

*With no data or command chaining. 

**An approximation, assuming multibyte mode. 

The theoretical minimum run time is 14.3 minutes, 
the sum of all processing and all memory interference. 
The selector channel time is 11.1 minutes - the sum 
of all tape reading and writing time for the run. 
Multiplexor channel time is 20 minutes - total card 
reading time. Since all other operations can ap­
parently be accomplished within the time required 
for card reading, 20 minutes seems to be a good 
estimated run time. 

With a reasonably even distribution of active 
records across the master tape, this estimate will 
be very close to actual run time. But with a severely 
skewed activity pattern, the run could take consider­
ably longer. Suppose that this is an inventory run, 
that 80% of all activity occurs on 20% of the master 
records, and that those active master records 
belong to the same product line and are grouped 
closely together on the master tape. There would 
be two activity patterns within the run, one very 
high and one very low. The first would look like 
this: 

Read 16,000 cards (80% of all 
transactions) 

Read 5000 tape blocks (20% 
of all master items) 

Write 5000 tape blocks 
Process 4000 inactive records 

16.00 minutes 

1.11 minutes 
1.11 minutes 

.40 minutes 
Process 16,000 active records 4.00 minutes 
Selector channel interference 

(3,200,000 bytes) .08 minutes 
Multiplexor channel interference 

(16,000 cards) .72 minutes 
The estimated partial run time is 16.00 minutes. 

This portion of the run is limited by the card reader. 
The times for the second activity pattern would 

look like this: 
Read 4000 cards (20% of all 

transactions) 
Read 20,000 tape blocks (80% 

of all master items) 
Write 20,000 tape blocks 
Process 76,000 inactive records 
Process 4000 active records 
Selector channel interference 

4.00 minutes 

4.44 minutes 
4.44 minutes 
7.60 minutes 
1.00 minutes 

(12,800,000 bytes) .32 minutes 
Multiplexor channel interference 

(4,000 cards) .18 minutes 
The estimated partial run time is 9. 1 minutes, 

the sum of all processing and all channel inter­
ference time. CPU operations limit this segment 
of the run. 
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The estimated total run time is 25.1 minutes -
the sum of both run segments. One segment of the 
run is limited by the card reader, and the other by 
the CPU. Notice that only the estimated time for 
the run has changed. Total card reader time is 
still 20 minutes; total processor time (internal 
processing plus storage interference) is still 14.3 
minutes; and total tape time is still 11.1 minutes. 
It is only relationships within the run that have 
changed, causing an apparently well balanced run 
to become highly unbalanced. This is an extreme 
example, causing a difference of almost 25% 
between the first and second estimates. 

This method of estimating the effects of a skewed 
activity pattern is not always completely realistic, 
for it ass,umes one line of demarcation between two 
physical file segments, one having relatively high 
activity and one having relatively low activity. In 
an actual case, segments of high and low activity 
may well be interspersed throughout the entire file, 
and the normal buffering provided by laCS will tend 
to mitigate the effect of the skewed activity pattern. 
Even if it does not exactly fit the actual case, this 
method provides an approximation of the effect of a 
ske~ed activity pattern. It will almost always 
provide a more realistic estimate of run time than 
the assumption of an absolutely even distribution 
of activity. 

RUN TIMING AS A PART OF SYSTEM SELECTION 

Thus far, run timing has been treated as an end in 
itself, which, of course, it is not. Run timing is 
part of a larger problem called system selection, 
which is a four-step iterative process~ 

1. Design a system approach to the job. 
2. Select a likely configuration of equipment. 
3. Estimate run time. 
4. Evaluate the results. 
This process is repeated until it has yielded the 

best configuration of data processing equipment for 
the job at hand. Out of all of the systems considered, 
this "best" system may be the fastest, the least 
expensive, or the one tha~ provides the lowest cost 
per unit of work. On the other hand, it may not 
be any of these. The "best" system can only be 
defined as the one that most nearly fulfills all of 
the user's requirements. The initial choice of 
systems to be studied in more detail must be based 
on a thorough knowledge of user objectives and 
policy. 
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CONSIDERA TIONS IN RUN DESIGN 

Run design is largely a matter of allocating the 
facilities of the data processing system to the 
elements of the run. System facilities are main 
storage, data channels, I/O devices~ and direct 
access devices; run elements are programs and 
data files. 

The designer of the run works with a finite 
system; he has a limited number of facilities 
available. Within these limits, however, many 
design variations are often possible. Data files 
may be switched from one I/O device to another; 
main storage may be used for long record blocks 
or for many I/O areas; or I/O areas may be traded 
between the several files in the run. Some general 
principles of run design follow: 

1. The files that place the greatest burden on 
the system should be given priority for the fastest 
I/O devices, the largest blocking factors, and the 
most I/O areas. 

2. The burden that a file places on the system 
depends on its size (the number of bytes of data that 
it contains), and also on the number of times that 
it is processed. A small file appearing in several 
runs may be a more important determinant of total 
job time than a large file used in only a few runs. 

3. A high blocking factor improves performance 
for an I/O-limited run; multiple I/O areas improve 
performance for a process-limited run. In practice, 
however, many runs are both 1/0- and process­
limited at different times during the execution of 
the run. 

4. In general, after having blocked records to 
the point of a theoretical balance between I/O 
operations and internal processing, the best use of 
main storage is to provide more I/O areas, rather 
than to increase the blocking factor still further. 

5. At times, space on the external storage 
medium may be an important consideration, as 
when trying to fit a file within a direct access 
storage device. When this is so, a high blocking 
factor may be essential. However, this high blocking 
factor will require more main storage space for 
I/O areas. 

6. Whe:"l a file appears in several runs, the 
blocking factor for that file is fixed by the run that 
has the least amount of main storage available for 
I/O areas. 



CONSIDERA TIONS IN TIMING 

When a data processing system has been selected 
for detailed timing, and the runs have been designed, 
the timing process can begin. Before it is begun, 
these questions should be answered: 

1. Are job specifications current? (Estimates 
of file volumes, ~ercentages of activity, average 
number of lines per form, etc., are sometimes 
not up to date. The figures gathered when the job 
was last studied may no longer be correct.) 

2. When will the system be installed? Has an 
allowance been made for the expected increase in 
volumes during the preinstallation period? 

;3 • Will the system handle peak loads ? (Average 
volume figures are often deceptive, for volumes 
sometimes fluctuate considerably with the season 
of the year or the day of the week or month.) 

4. Have all likely configurations been considered, 
or has the selection process stopped with the first 
workable one? (As many iterations of the design 
and timing cycle should be performed as are possible 
with the time and resources available.) 

5. Is it necessary to time out every run in the 
job on each system being considered? (Often, 
comparative times on one or two important runs 
will establish the superiority of one system. The 
complete job can then be timed only for the selected 
system.) 

6. What effect will the use of operating systems 
have on the timings? (Although operating systems 
can save large amounts of time or core storage, or 
prevellt costly operator errors, the time that they 

require may be an important factor in run timing. 
This is particularly true if some features are used 
extensively, as in overlaying program segments for 
more efficient use of core storage. ) 

ACCURACY OF RUN TIME ESTIMATES 

A timing estimate, however carefully done, should 
never be considered ironclad. This is because the 
timing equation is never complete. Some factors 
are always operative that cannot be measured 
completely and accurately, or cannot be considered 
at all. For this reason, estimated run times will 
vary somewhat from actual run times. Some of 
these hard-to-measure factors are: 

1. Efficiency of the problem program. This 
depends on the skill of the individual programmer 
who does the work. 

2. An unusually adverse or unusually favorable 
distribution of activity across a master file. 

3. A business cycle that causes many exception 
routines to be executed. 

4. A variance from the expected number of 
stepdowns in sequence when a file is _sorted. 

Any of these factors can cause estimated run 
times to vary from actual run times; often they will 
even cause the time required for a run to fluctuate 
no~ceably from one execution of that run to another. 
But unless the total estimated load on the data proc­
essing system is very close to a maximum limit, 
these factors should not cause concern. 
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