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Abstract
A requirement to double the number of data channels for our RT-11 data 
acquisition and processing system on a PD F 11/34 with RK05 disks from 
64 to 128 channels led us to consider reducing the size of the buffers used 
to sort the data since the program size had already reached the upper 
limit. But the reduction in buffer size could result in a significant increase 
in processing time. It was decided to conduct a benchmark study to 
determine if processing time could be improved by using virtual arrays to 
optimize buffer size. Additional test runs were performed utilizing cache 
memory, a floating point processor, different disks, and various proces­
sors. The results of this study should provide our management with 
sufficient data to determine the cost-effectiveness of buying additional 
memory, or other improvements to the present RT-11 systems.
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Methods of Reducing Program 
Execution Time Under 

RT-11 FORTRAN

Introduction
The Quality Assurance (QA) Departm ent of San­

dia National Laboratories is responsible to the De­
partm ent of Energy for assurance tha t weapons re­
main functional throughout their stockpile life. To 
accomplish this, QA conducts laboratory system tests 
on the Sandia-designed components of the weapon 
system. Joint flight tests with the Departm ent of 
Defense are also conducted. The data acquisition and 
processing system used to acquire and analyze test 
results was designed by the QA Systems Test Equip­
ment Design Division. The acquisition systems are 
built around PDP 11/34 computers. There are six 
similar acquisition systems tha t collect data indepen­
dently from many unique weapon testers. (See 
“STATS—A Unique High Speed, Multiple Channel, 
Real-Time Data Acquisition System” in the Proceed­
ings of the Digital Equipment Computer Users Soci­
ety, Vol. 7, No. 2, Fall 1980 for details.) Data is 
collected and compressed in real-time at high speeds 
and then written to disk. The RT-11 Single-Job Moni­
tor is used along with an assembly language acquisi­
tion program to collect the data. A test usually lasts 
several minutes. After the data is acquired, the system 
engineers are interested in seeing the results as soon as 
possible.

The complete test analysis must be known before 
disassembling the test equipment and moving on to 
the next scheduled test. If anomalies were present, 
disassembling would compromise posttest trouble­
shooting procedures. The analysis for each test is 
therefore performed on the acquisition machine im­
mediately after each test and m ust be completed in as 
short a time as possible.

The FORTRAN software package used to analyze 
the results of laboratory system tests is the subject of 
this paper. We will discuss in general how the software 
works, problems encountered when we decided to 
double the number of data acquisition channels to 
analyze, and the solution to  the problems arrived at by 
benchmarking the programs with optional equipment 
that could be added to the existing configuration.

Configuration
. Our acquisition systems are built around the fol­

lowing hardware and software:
PDP 11/34 with 32K words of memory
Dual RK05 disks, one for the system, one for data
RXOl floppies for temporary storage
CRT terminal at 9600 baud
Versatec printer/plotter
RT-11 single-job monitor
FORTRAN IV application programs
FORTRAN inline code—Extended Instruction
Set (EIS)

What the Program Does
In order to see what the data analysis program 

does, let us look first at the input data collected during 
the test. Then we will look at the output from the 
analysis program to see what has been accomplished. 
The data is compressed in real time by the acquisition 
system and stored on a removable RK05 disk.

Figure 1 shows a typical block of data created by 
the acquisition program. Each data point within the 
block occupies three words (16 bits each) and consists 
of information concerning

1. Identification of the channel number associat­
ed with the data

2. A digital count to be converted to a time
3. A digital count to be converted to a value in 

engineering units (i.e., volts, amps, etc)
Each block contains data points from many dif­

ferent channels. This will make it necessary to sort the 
file by channel before analysis can be performed. 
Looking at this file, one can see tha t most engineers 
would be unhappy with this as the final output. Engi­
neers want to see the times expressed in seconds, 
values expressed in units they understand, and some 
additional analysis to assure them that test require­
ments for the unit under test were actually met.
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Upper 
Time Count

Channel
Number

Value Digital Count

Lower Time Count
NOTES:

1. Each data point consists of three 16 bit 
words.

2. Each block of data contains data points 
from many different data channels.

Figure 1. Sample Block From Raw Data File



Let us now look at Figure 2 which is an example of 
a typical output to the line printer from the data 
analysis program. The header information at the top 
contains the descriptive information necessary to 
identify the test heing performed. This is followed hy 
a statem ent that a key event during the test (event 
112) was missed. Then we see a set of answers to 
questions concerning how well the unit under test 
performed. These questions are contained in an analy­
sis file created by the engineer. This file contains all 
those requirements he considers necessary to assure 
himself that the unit under test either did or did not 
perform satisfactorily.

Each output line contains
• A numerical identifier
• The value obtained from the analysis
• A description of the value
• Upper and lower limits for satisfactory perfor­

mance
• A diagnostic H or L indicating the value ob­

tained from the analysis was either “High” or 
“Low” when compared to the limits.

Although there are none displayed, diagnostic 
statements can be displayed (such as SWITCH DID 
NOT CLOSE) when requirements are not met. At the

bottom of Figure 2 is a listing of the times th a t key 
events during the test were observed. Each time is 
associated with its corresponding event number.

How the Program 
Works— The Mix

The program is quite large. In fact, it became 
apparent during the development phase tha t we 
would have fo take advantage of fhings like overlays 
and chaining to make it fit into the available 24K 
words of memory provided by R T -H  for FORTRAN 
programs.

As shoyvn in Figure 3, the core program (DATZ) 
initializes things, opens qp the necessary files, and 
calls in PASSl as an overlay. PASSl then reads 
through the raw data file on RK05 and counts the 
number of data points on each channel present. It 
then computes the starting record number for each 
channel in the direct-access file to be created in 
PASS2 based upon the total number of readings for 
each channel. Most of the execution time in PASSl is 
probably spent in disk-to-memory accesses.

UEAPON TEST REPORT

T I M E : 1 4 M 0 { 3 6 D A T E J 1 2 - N 0 V - 8 1

HEADER INFORMATIO N

M. I  .
NUMBER

CYCLE 
NO .

MATL
TYPE

S E R IA L
NUMBER

TEST
I . D .

MFGR. ATT 
CODE N0«

SOURCE ALT 
CODE CODE

TEST
DATE

PART
NUMBER

PN
S U F F IX

SEQ
NO.

CONTROL MIS CE LLA NE OU S 
F I L E  I S S .

BA DUG. 
NUMBER

1 0 0 4  UES03 0 7 / 1 9 / 7 9  3 0 1 4 5 9  00

EUENT 1 1 2  I S  M IS S IN G  « » « » « « « » « » . ►From EPASS

4 0 0 . 9 . 0 5 5 1 5 SECONDS HV APPLY T IME 9 . 0 9 . 1
4 0 1  . 0 . 1 4 8 0 0 0 SECONDS HV MONITOR D I V  R IS E  T IME 0 , 1 0 . 5
4 0 2 . 0 . 1 4 6 8 0 0 SECONDS HV MONITOR AMP R IS E  TIME 0 . 1 0 . 5
4 0 3 . 1 6 . 4 6 8 5 UOLTS HV MONITOR D I V ID E R  AVG 1 2 . 9 1 7 . 3
4 0 4  . 7 . 7 0 9 9 6 UOLTS HV MONITOR AMP AVG 7 . 0 9 . 0
4 0 7 . 0 . 2 2 1 8 0 1 SECONDS PO LING  VOLTAGE R I S E  T IM E 0 . 1 0 . 5
4 0 8  . 4 6 2 . 9 5 8 UOLTS PO LING  VOLTAGE 4 5 0 . 0 5 5 0 . 0
4 1 0 . 3 0 , 1 4 5 6 M I L L I A M P S  POL ING  CURRENT CHARGE MAX 2 0 . 0 4 0 . 0
4 1 1 . 0 . 1 1 3 8 1 8 M I L L I A M P S  POL ING  CURRENT STEADY AUG 0 . 0 1 . 0
4 3 0  . 5 . 0 5 1 5 7 SECONDS HV TO A3 T IM E 5 . 0 5 . 1
4 3 2  . 2 5 . 1 5 5 8 UOLTS A3 I N  MAX 4 . 0 1 6 . 0
4 3.3 . - 0 . 5 2 4 0 6 M I L L I A M P S  A3 PEAK CURRENT 4 0 , 0 5 6 . 0
4 3 5 . 1 . 3 4 2 7 7 UOLTS A4 TC MAX - 1 0 , 0 10  . 0
4 3 6  . 0 . 8 5 4 4 9 2 UOLTS A4 I N  MAX - 1 0 . 0 1 0 . 0
43  7 . 0 . 0 0 0 0 0 0 UDLTS A4 E-G EN POWER MAX - 1 0 . 0 1 0 . 0
4 3 8 . 2 5 . 4 0 9 2 VOLTS A 1 / A 3  PS AVG 2 5 . 0 2 6 . 0
4 3 9  . 4 6 7 . 6 9 6 VOLTS P OLING  PS AVG 4 5 0 . 0  5 5 0 . 0  

EVENT TABLE

Answors to  Analysis Fils Questions 
From DTFQD

NUMBER TIME NUMBER TIM E NUMBER TIME NUMBER TIME NUMBER TIME

71 9 . 0 5 5 2 72 9 . 2 0 3 1 81 9 . 0 5 8 2 82 9 . 2 0 5 0 101 1 4 . 1 0 7 1
1 02 1 4 . 6 1 0 6 111 1 4 . 1 0 6 7 11 3 14 . 1 0 8 8 191 9 . 0 5 5 3 192 9 , 2 7 7 2
201 9 . 0 5 2 5 2 0 2 9 . 2 9 5 5

V
Event Table From EPASS

J
Figure 2. Weapon Test Report



(Overlay)

(Overlay)

(Chain)

(Chain)

PASSl
Counts no. of readings in 
raw data file & computes 
indexes for direct access file

EPASS
Searches through direct 
access file for events 
requested in anaylsis file 
unique to each te st

DATZ
(Core Program)

PASS2
Calibrated data converting 
digital counts to  tim e/value 
pair —  Stores data in 
memory buffer (one per 
charinel) writes buffer to 
direct access disk file when 
full using channel indexes 
computed In PASS1

DTFQD
Answers questions from the 
analysis file concerning 
weapon function by 
searching through the  direct 
access file. Analysis requests 
are based upon times 
contained in the event table 
created during EPASS

Figure 3. Program Mix

PASS2 is then called in as an overlay. PASS2 
calibrates the digital data converting it to time/value 
pairs and then stores the data in naemory buffers, one 
for each channel. These memory buffers m ust be large 
enough to make the program run in a reasonable 
amount of time when large data files are encountered, 
and yet small enough to reside in the available amount 
of memory. When the data buffer for a given channel 
becomes full, PASS2 writes the data into a direct 
access file sorted by channel number on the RK05 
using channel indexes computed in PASSl to deter­
mine the correct record number. There are memory- 
to-disk accesses associated with writing the filled 
memory buffers to the direct-access file on the RK05. 
PASS2 execution time depends primarily on the num ­
ber of disk access in both reading from the raw data 
file and writing to the sorted data file.

When all the data has finally been written onto 
the sorted data file in PASS2, DATZ chains to 
EPASS. EPASS then searches through the newly 
created file looking for events requested by the engi­
neer in his analysis file. In EPASS the execution time 
depends upon the number of reads from disk required 
to establish each event and the number of events 
requested in the analysis file.

When the event search has been completed, 
EPASS will chain to the DTFQD program which 
answers questions from the analysis file concerning

weapon function by searching through the direct- 
access file. Analysis requests are based upon times 
contained in the event table created during EPASS. In 
DTFQD some calculations are required to determine 
average values, or time/value products within a pre­
scribed time interval, but the execution time depends 
mainly upon the number of disk accesses required to 
answer each question asked and the total number of 
such questions in the data analysis file.

Problem
The problem we encountered occurred when sys­

tem requirements dictated th a t we be able to process 
data from up to 128 channels. Previously we had only 
been able to process data from up to 64 channels at a 
reasonable rate. The main problem with going to 128 
channels was one of program size. The program was 
pressing memory limits already even though it had 
been broken up into separate programs th a t were 
chained together, and the individual programs were 
overlayed. The param eter which had to give in order 
to handle 128 channels was the buffer size, or the 
amount of data to read in from the disk a t one time. As 
can he seen from Figure 4, the program m ust read in 
the data from the raw data file, calibrate and convert 
times and values to floating point numbers, store the 
result in the appropriate memory buffer (one per 
channel), and finally when a memory buffer becomes 
full, write the information into the appropriate record 
of the sorted data file. It was found th a t with the 
memory available (24K words), one could use a buffer 
size of 64 floating point numbers (128 words) per 
channel as long as there were only 64 channels. To go 
to 128 channels would require reducing the buffer size 
to 32 words. This caused concern th a t processing time 
would be significantly increased.

(Read)

2-1
Calibrate & 
Convert to  
Tim e/Value Pairs

(RK06)
(Disk)

Raw
Data
File (Write)

In Memory

Figure 4. PASS2 Diagram

Direct Access 
Data Fite 
(RK06 Disk)
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Goal
Our goal was to find an economical way to process 

raw data files with up to 128 channels, and to reduce 
the total analysis time as much as possible for each 
real test. We wanted to find an economical solution 
since it would have to be implemented on six similar 
acquisition machines. The first solution tried was 
virtual arrays. In addition to virtual array tests, other 
timing tests were run to evaluate the effects of differ­
ent disk types, cache memory, the addition of a float­
ing point processor, and different types of CPUs.

Datasets

22 114 256
13 18 311
17 20 251

Timing tests were run with three different sets of 
raw data files representing a short, medium, and long 
analysis process. These files are identified by the 
names WESD3, JN 0D 3, and WHIGE respectively. 
The raw data files used in these tests are characterized 
by the following parameters:
___________________________ WESD3 JN 0D 3 WHIGE

Number of blocks 
Number of event requests 
Number of analysis requests

As can be seen from the parameters, the “short” 
test has fewer blocks in the raw data file, seeks fewer 
events, and asks fewer questions concerning test per­
formance than the “medium” and the “long” tests. 
Processing time for a given test is a function of the 
number of disk accesses required for each event or 
analysis request, and the total number of such re­
quests made.

Unless otherwise stated, each timing test was run 
on a machine with similar hardware and software. All 
line printer output was diverted to the terminal at 
9600 baud (with JUM P MODE for VTIOO) to elimi­
nate the variation due to different printer speeds.

Situatron
The times shown in Table 1 illustrate the process­

ing times of the three test sets on the PD P 11/34 with 
128 word buffers but only supporting 64 channels. 
This is the original configuration which was working 
well until more channels needed to be supported. In 
all of the tables the time given for the test runs is in

minutes:seconds, and the Buffer =  param eter is the 
number of words allocated. The time indicated by the 
number (2) in Table 1 is the time required to support 
128 channels, which would mean dropping the buffer 
size to 32 words. For the three tests, this resulted in an 
increase of about 20% in the processing time. W ith 
JN 0D 3, for example, changing the buffer size from 
128 words to 32 words in order to service 128 channels, 
the analysis time would increase from 2 minutes, 35 
seconds to 3 minutes, 14 seconds.

Table 1. PDP 11 /34  Original Configuration

(1) Buffer = 128, Channels =  64 vs
(2) Buffer = 32, Channels =  128

File Time Percent
WESD3 (1) 0:56

(2) 1:07 20
JN 0D 3 (1) 2:35

(2) 3:14 25
WHIGE (1) 7:52

(2) 9:13 17

Virtual Arrays
One solution to our problem was thought to be 

virtual arrays. This could be a possible solution since 
all of the programs running the analysis were written 
in FORTRAN under RT-11. There were several ques­
tions concerning virtual arrays, such as would they 
work, what overhead would be incurred, would tbey 
speed up processing an acceptable amount, and wbat 
was the cost.

PDP 11/34 vs PDP 11/45
A number of timing tests were run on a PDP 11/45 

with 128K words of core memory in order to try 
various virtual array schemes. We needed to use the 
PDP 11/45 because a t the time our PDP ll/34s  had 
only 32K words of memory. Table 2 indicates tha t the 
PDP 11/45 ran 10% to 12% faster than the PDP 
11/34. Later this information allowed us to correlate 
the final results back to projected run times on the 
PDP 11/34.
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Table 2. PDP 11 /34  vs PDP 1 1 /45  
(No Virtual)

(1) PDP 11/34 Buffer =  128 (64 channels)
(2) PDP 11/45 Buffer =  128 (64 channels)
(3) PDP 11/34 Buffer =  32 (128 channels)
(4) PDP 11/45 Buffer =  32 (128 channels)

File Time Percent
WESD3

JN0D 3

WHIGE

(1) 0:56
(2) 0:56 0
(3) 1:07
(4) 1:00 10
(1) 2:35
(2) 2:17 12
(3) 3:14
(4) 2:53 11
(1) 7:52
(2) 6:54 12
(3) 9:13
(4) 8:26 8

Virtual Array Overhead
How much overhead would be introduced going to 

virtual arrays? Table 3 shows the overhead in going 
from regular arrays to virtual. These test were all run 
on the PDP 11/45.

Table 3. Virtual Array Overhead

(1) No virtual, Buffer =  128
(2) Virtual, Buffer =  128
(3) No virtual. Buffer =  32
(4) Virtual, Buffer =  32

File Time Percent
WESD3 (1) 0:56

(2) 0:57 2
(3) 1:00
(4) 1:07 2

JN0D 3 (1) 2:17
(2) 2:23 4
(3) 2:53
(4) 3:04 6

WHIGE (1) 6:54
(2) 7:04 2
(3) 8:26
(4) 8:35 2

The overhead in going to virtual arrays for our 
application was 2% to 4%. We had heard tha t virtual 
array overhead was on the order of 10%. Since our 
application entailed more than just array accesses, the 
overall effect of changing a regular array to a virtual 
array was minimal.

Optimizing Buffer Size
Virtual arrays provided two benefits right away to 

our programs. First, the program was able to process 
128 channels of data. Secondly, increasing the size of 
our buffers would proportionally decrease the number 
of disk I/Os, therefore speeding up the analysis for all 
live tests. The question of how large a buffer to use 
would dictate the amount of memory necessary to 
buy. Table 4 illustrates the various buffer sizes tested 
and the results obtained.

Table 4. Buffer Optimization

PDP 11/45 virtual arrays, 128 channels 
(1) Buffer =  32, (2) Buffer =  128 
(3) Buffer =  256, (4) Buffer =  508

File Time Percent
No. of 

Disk I/Os
WESD3

JN 0D 3

WHIGE

(1) 1:07 — 262
(2) 0:57 15 88
(3) 0:57 15 49
(4) 0:54 19 37
(1) 3:04 — 243
(2) 2:23 22 152
(3) 2:15 27 130
(4) 2:24 22 111
(1) 8:35 — 6741
(2) 7:04 18 1643
(3) 6:42 22 844
(4) 6:54 20 441

Increasing the buffer size from 32 to 128 words 
resulted in a decrease in time of about 18%, and 
increasing buffers from 32 to 256 words seemed to 
improve the processing speed by about 21%. These 
times apply to running on the PDP 11/45 which is 
lO/o faster than the PDP 11/34. All times shown in 
Table 4 would have been greater on the target ma­
chine, the PDP 11/34, but the percentage of change 
would probably remain the same. The main reason for 
faster execution with larger buffers is shown in the far 
right column of Table 4 by the number of disk I/Os
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effected by the changes in buffer size. The speed 
improvement in going to 256 word buffers over 128 
was not phenomenal, bu t would be easy to implement 
with relatively low cost since additional memory 
would be required to support the 128 word buffers 
anyway. The reason th a t a buffer size of 508 words 
actually caused a decrease in processing time is harder 
to explain. The answer is based in the type of data to 
be analyzed, and the type of analysis being done. A 
large amount of processing time is spent searching 
through the data for particular events. In reading in 
large amounts of data, more information than  neces­
sary could be read in before the event was found.

Virtual Array Test Results
Virtual arrays seem to provide a solution to the 

problem we faced. First of all, virtual arrays did 
indeed work, and were easy to implement. The only 
change required to the program was to replace the 
DIMENSION statem ent with a VIRTUAL state­
ment. Fortunately no changes were needed to accom­
modate any of the virtual array restrictions.

By going to virtual, overall program size was ex­
panded to handle up to 128 channels without seriously 
effecting processing time. In fact, by increasing the 
buffer size to 256 words, we project processing times to 
actually decrease by about 20% over the time which 
would be required to process the same data with 32 
word buffers, without the additional memory. Testing 
showed that an optimum buffer size could be found, 
and tha t bigger does not necessarily mean better. The 
price for 32K words of MOS memory ran about $1100 
per machine for a total cost of about $6600.

about $55,000. It was pleasantly surprising to learn 
tbat the RLOl showed an appreciable decrease in 
processing fime; this fact will be considered if a disk 
upgrade is required at some later date.

Table 5. RK05 vs RL01

Buffer =  32 (1) RK05, (2) RLOl
Buffer =  128 (3) RK05, (4) RLOl
Buffer =  256 (5) RK05, (6) RLOl

File
WESD3

JN 0D 3

WHIGE

Time Percent

(1) 1:00
(2) 0:50 17
(3) 0:56
(4) 0:45 20
(5) 0:57
(6) 0:46 19
(1) 2:53
(2) 2:25 16
(3) 2:17
(4) 2:01 12
(5) 2:15
(6) 1:58 13
(1) 8:26
(2) 7:24 12
(3) 6:54
(4) 6:31 5
(5) 6:42
(6) 6:16 6

Other Options
RK05 Disk vs RL01 Disk

One alternative which was investigated was to 
upgrade from RK05 to RLOl disks. This move would 
not help decrease program size, bu t might speed up 
run times. Table 5 itemizes the results. All runs were 
on the PDP 11/45 which has both RK05 and RLOl 
disks.

RLOl disks are not only larger than RK05s, but 
also faster. On tbe shorter tests which do a minimal 
amount of processing, RLOls speeded things up about 
19 ̂ V . As the buffer size increases, the number of disk 
I/Os drops dramatically and the effect of the faster 
disks diminishes to about 13% for JN 0D 3, and to 6% 
for WHIGE. The cost to upgrade the six PD P 11/34 
acquisition systems to dual RLOls would have been

RL01 vs Winchester Disk
Another possible option tha t was examined was 

going to Winchester disks. This type of disk provides 
large amounts of data storage at a low price. Tests 
were run on a LSI 11/23 with RLOl disks, and then a 
similar LSI 11/23 with a DSD 880 Winchester disk. 
This disk emulates a single RLOl. The results are 
summarized in Table 6.

These results show that the Winchester disk was a 
few percentage points slower than the RLOl. Com­
pared with Table 5, Table 6 indicates tha t the W in­
chester is faster than an RK05. On the longer runs 
which require a smaller percentage of the time for 
I/O, the Winchester is almost as fast as the RLOl. The 
price of a Winchester is about $6500 for 10MB. Six of 
them would be about $39,000. We could get a 30MB or 
more Winchester disk for about the price of dual 
RLOls.
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Table 6. RLOl vs Winchester Table 7. Cache Memory

Buffer =  32 (1) RLOl, (2) Winchester 
Buffer =  128 (3) RLOl, (4) Winchester 
Buffer =  256 (5) RLOl, (6) Winchester

File
WESD3

JN 0D 3

WHIGE

Time Percent

(1) 0:58
(2) 1:04 9
(3) 0:52
(4) 0:56 7
(5) 0:54
(6) 0:58 7
(1) 2:56
(2) 3:07 6
(3) 2:30
(4) 2:36 4
(5) 2:32
(6) 2:38 4
(1) 8:58
(2) 9:15 3
(3) 7:53
(4) 8:00 1.5
(5) 7:45
(6) 7:51 1.3

No virtual. Buffer = 128, Channels =̂  64
(1) PDP 11/34 cache. (2) PDP 11/34 no cache
No virtual. Buffer = 32, Channels =: 64
(3) PDP 11/34 cache. (4) PDP 11/34 no cache

File Time Percent
WESD3 (1) 0:46

(2) 0:56 18
(3) 0:56
(4) 1:07 16

JN 0D 3 (1) 2:02
(2) 2:35 22
(3) 2:41
(4) 3:14 17

WHIGE (1) 6:04
(2) 7:52 22
(3) 7:24
(4) 9:13 20

Floating Point Processor
Table 8 contains the results of running our analy­

sis programs on a machine with a floating point pro­
cessor using threaded code and a library built for 
FPU. The analysis program deals with single-preci­
sion floating point values for many of its calculations.

Cache Memory
The rumors concerning the speed of cache memo­

ry prompted an investigation not so much as a solu­
tion to the processing of 128 channels, bu t as a method 
of decreasing processing time. A PD P 11/34 with 
cache memory was found, and the same tests were run 
on it. All other configuration parameters remained the 
same. The results are illustrated in Table 7.

Table 7 shows tha t the addition of cache memory 
to the PDP 11/34 resulted in a reduction of 20 % in the 
processing time for the medium and long runs over the 
times on the original PD P 11/34. If the buffer size is 
small, as indicated by runs (3) and (4), the number 
disk I/O’s is increased and the effect of the cache 
memory is not quite as great. These results indicate 
cache memory might be a viable way to solve the 
processing speed problem. The cost of implementing 
cache memory on six PDP ll/3 4 s  would be about 
$22,500.

Table 8. Floating Point Processor

Buffer =  32 (1) PDP 11/34 cache, no FPU 
(2) PDP 11/34 cache, with FPU 

Buffer =  128 (3) PDP 11/34 cache, no FPU 
(4) PD P 11/34 cache, with FPU

File Time Percent
WESD3 (1) 0:56

(2) 0:56 0
(3) 0:46
(4) 0:47 -2

JN 0D 3 (1) 2:41
(2) 2:39 1
(3) 2:01
(4) 1:59 2

WHIGE (1) 7:24
(2) 7:36 -3
(3) 6:04
(4) 6:08 -1
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These results indicate th a t for our application the 
addition of a floating point processor would have little 
effect on processing time.

Different CPU Types
Table 2 has shown that the PDP 11/45 can do the 

same analysis in about 10 % less processing time than 
the PDP 11/34. We ran our datasets and analysis 
programs on various CPU types just to see how they 
would perform with our application. The results are 
represented in Table 9. The first row (1) is the run 
time on the original PDP 11/34 configuration. The 
percentages indicate how much faster or slower the 
analysis ran on the other CPUs.

ran about 10% faster than the standard PDP 11/34. 
The PDP 11/34 with cache memory processed our 
tests about 20% faster than the standard PD P 11/34. 
The PDP 11/44 executed our test runs 30%. to 40 "r 
faster than the PDP 11/34. Strangely enough, the 
PDP 11/60 did not seem to perform much better than 
the PDP 11/34 with cache for our particular analysis 
environment. The PDP 11/60 was configured slightly 
different than the other hardware configurations, and 
the RK05 disks used for the system disk, data disk, 
and scratch areas were the last devices on the bus. For 
these reasons, PD P 11/60 times are probably not 
directly comparable with the other configurations. 
These results indicate we should give serious thought 
to adding cache to the PDP 11/34 or upgrading to the 
PDP 11/44.

Table 9. Various Processors

Buffer =  32 
Buffer =  128 
Buffer =  256

WHIGE
(1) 11/34 9:13 — 7:52 — 7:22* —

(2) 11/23 10:13 -11% 9:09 -16% 8:18--13%
(3) 11/45 8:26 8% 6:54 12% 6:42 9%
(4) 11/34C** 7:24 20% 6:04 23% 5:41 23%
(5) 11/44 6:26 30% 4:58 37% 4:32 38%
(6) 11/60 7:31 18% — — 5:59 19%

*Projected
**Cache

The LSI 11/23 ran about 11% slower than the 
PDP 11/34, substantiating Digital claims tha t the LSI 
11/23 is about 90% of a PDP 11/34. The PDP 11/45

Conclusions

WESD3 
(1) 11/34 1:07 0:56 1:03* •

(2) 11/23 1:10 -4% 1:04 -14% 1:07 -6% •

(3) 11/45 1:00 10% 0:56 0% 0:57 9%
(4) 11/34C** 0:56 16% 0:46 18% 0:46 27% •

(5) 11/44 ^0:49 27% 0:39 30% 0:38 40%
(6) 11/60 0:54 19% — — 0:47 25%
JN 0D 3 
(1) 11/34 3:14 2:35 2:28*

•

(2) 11/23 3:29 -8% 2:50--10% 2:53--17%
(3) 11/45 2:53 11% 2:17 10% 2:15 9% •

(4) 11/34C** 2:41 17% 2:01 22% 1:54 23%
(5) 11/44 2:15 30% 1:36 38% 1:27 41%
(6) 11/60 2:43 16% — — 2:03 17% •

After looking over all test results, the following 
conclusions were reached:

Virtual arrays do work and are easy to imple­
ment.
Virtual array overhead was minimal, about 3'"<.. 
Buffer size can bave an effect on processing, and 
can be optimized for a particular application. 
Buying additional memory for virtual array sup­
port is an economical way to extend tbe size of a 
program for about $1100 per machine.
RLOl disks are about 13% faster than RK05s, 
hut are an expensive upgrade at about $9000 for 
dual RLOls per CPU.
A Winchester type disk, the DSD 880, is slower 
than an RLOl, about 4%). The cost for a 10MB 
disk would be about $6500.
Cache memory alone improved processing time 
20% but did not allow for extending the size of 
the programs themselves. The cost would be 
about $3700 per machine.

• A floating point processor would not improve 
our processing times.

• The LSI 11/23 runs about 10%) slower than the 
PDP 11/34.

• The PDP 11/45 runs about 10 %> faster than the 
PDP 11/34.

• The PDP 11/34 with cache was 20 %> faster than 
the standard PDP 11/34.

• The PDP 11/44 runs 35 %> faster than the PDP 
11/34.

• The PDP 11/60 performance was about the 
same as the PDP 11/34 with cache for our appli­
cation.
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It was decided to go ahead and buy the additional 
memory for our machines and implement virtual a r­
rays, since virtual arrays seemed to work, allowed us to 
go to 128 channel support, actually decreased process­
ing time due to larger buffer sizes, and was the most 
economical solution. The additional memory would 
not only help reduce analysis time, but could be used 
in other stages of the testing such as calibration, data 
acquisition, and the plotting of the data on the Versa­
tec printer/plotters.

The virtual array scheme discussed in this paper 
was implemented shortly before the final draft was 
typed, and we were able to compare our projected run 
times with the actual result. For WESD3 using 256 
word virtual buffers, the projected run time was 1:03, 
the actual was 0:57. For JN 0D 3, the projected run 
time was 2:28, and the actual 2:27. For WHIGE, the 
projected time was 7:22, and the actual turned out to 
be 7:25. We have been quite pleased with using virtual 
arrays, and have added the increased buffer capability 
to several other of our programs.

Many of the test runs gave us some ideas for 
possible future enhancement. We may well need larger 
disks to store more raw data, and RLOls or RL02s 
would seem to be both larger and faster than the 
RK05s. Winchester disks could provide large amounts 
of data storage at reasonable costs and would increase 
the speed to almost th a t of an RLOl. If we decide to try 
to further decrease processing time in the future, there 
is no doubt tha t we will give serious consideration to 
buying some cache memory. If a processor upgrade is 
possible, the PD P 11/44 appears to be the best candi­
date.

It must be emphasized tha t these results are ap­
plicable only to our particular application programs. 
For “number crunching” activities a large computer 
with a floating point processor might be more a ttrac­
tive. In any case, we believe th a t the user is well- 
advised to perform a similar type of benchmarking to 
determine the best solution for his particular applica­
tion.
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