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+—16 Storage Units—

RX-Handling |

Figure 2c. Floating Point R-X handling. 38-Input Adder and Floating Point Operand
Stack added.

store sequencing. The design now has the ap-
pearance of Fig. 2d. )

In the handling of System/360 variable-
field length instructions, the I-Box and the E-
Box pool their buffer resources together to
speed up the processing.

5. INTERNAL FORWARDING

An interesting feature in the System/
360 Model 92 CPU is adapted from the IBM

STRETCH design, namely, internal data for-
warding. Consider the following floating-point
instructions:

A LD 0,P
B DD 0,Q
C ADR 0,2

meaning

A C(P) C(RO)

[ J——16 Storage Units———[ ]

1-Box and Stores

Figure 2d. Complete CPU.
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B C(R0)/C(Q) C(RO)
C C(R0O) + C(R2) C(RO)

Since the Model 92 has four floating-

point accumulators, the fixation on one accumu-

lator could be construed as bad programming.
However, we adopt the point of view that such
programming is not necessarily bad; there are
many situations in which it would be unnatural
to do otherwise. An attempt is therefore made
to run these sequences quite efficiently.

The three instructions lead to the linear
graphs in Fig. 3a. It is assumed that adder A2
is employed for C. The combination has a
double loop. We note that the act of putting
an operand into RO and subsequently removing
it has a high cost for the Model 92.

However, the three instructions can be
synthesized into one macro-instruction, using
cancellation techniques reminiscent of fresh-
man chemistry:

A C(P) C(RO)

B C(R0)/C(Q) C(RO)

C C(R0O) + C(R2) C(RO),
yielding

ABC C(P)/C(Q) + C(R2) C(RO)

and the greatly simplified linear graph in Fig.
3b results. The simpler graph is handled vastly
more efficiently than the complicated one, and
the E-Box has the ability to perform the “topo-

logical” path distortion, yielding paths equal
in outcome but enhanced in efficiency.

The situation is even more striking if
two more instructions are added:

D STD 0,R
E LD 0,8

The store will be gated directly from the
output of the adder, and instruction E signals
to the E-Box that RO need never be referenced
in handling instructions ABCD at all. Thus,
E begins an independent string of instructions,
capable of being handled concurrently with the
ABCD string, and may even finish before
ABCD.

6. HARDWARE OPTIMIZATION

The System/360 Model 92 decodes in-
structions in sequence; the decoding action
distributes the work load to various autonomous
units. From that point on, strict sequence is
no longer adhered to, but is frequently upset.

To the uninformed bystander, the ma-
chine seems to replace the orderliness of the
given code by chaos.

This apparent chaos actually results
from the local reorganization of the available
resources. The memory bus concentrates on
the optimum handling of memory requests.
The fixed-point, floating-point units concentrate
on optimum execution of corresponding instruc-

Figure 3a. Linear graph for three instructions A, B and C.
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ABCD C(P)/C(Q)+ C(R2)—~C(RO)

Figure 3b. Optimization through internal forwarding.

tions. The instruction sequencing mechanism
meanwhile optimizes instruction-fetch and
branching. Within each unit, sub-units fre-
quently also possess autonomous behavior. The
degree of parallelism is extremely high within
the CPU.

The asynchronism makes it impossible
strictly to predict the detailed behavior within
the CPU, short of a full-fledged simulator. It
is not possible, for instance, to predict conflicts

between an instruction-fetch and a floating-
point store. Consequently, it is extremely diffi-
cult to optimize a program by external means.

However, this external optimizing is not
really necessary. No one is in a better posi-
tion to examine the available resources and
detect bottlenecks in data flow within a given
unit than the very unit itself. It is, therefore,
also provided with hardware tools to seek and
adopt optimizing alternatives.
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Carl Conti
IBM Corporation
Poughkeepsie, New York

In the papers by Dr. Amdahl* and Dr.
Chent an extremely powerful CPU was de-
scribed. I would like to illustrate on some
problems just how powerful it is, in order to
better pinpoint its actual performance. With
a CPU of this sort, we had a few problems in
the actual design: to be able to get problems
or applications in and out of the CPU, and to

* The Model 92 as a Member of the System/360
Family.

+ The Overlap Design of the IBM System/360 Model
92 Central Processing Unit.

put the processor into an environment where
it is useful.

Unfortunately, when considering high
performance, it is not possible to support the
CPU with conventional I/0 used in a conven-
tional way. Several unique pieces of equip-
ment are available with the 92 to provide the
capability to process problems at the rates we
can achieve in internal CPU performance.
Before these are described, let us look at in-
ternal performance in a little more detail.

Figure 1 is an extremely simple example
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of coding. This is, in fact, the inner loop of a
matrix multiply, where one matrix is stored in
its transpose. We have an RX load, an RX
multiply—that is from memory to register,
followed by a register to register add to accu-
mulate the sum; finally, we have an indexing
branch (branch on index low or equal) which
is analogous to a DO statement in FORTRAN.

We can look at how this particular pro-
gram will proceed through the CPU by first
observing a single iteration of those four in-
structions. This is illustrated in Fig. 2.

On the left, we have the instruction de-
code and memory address generation time. The
instruction decode is overlapped in the I box
with the memory address generation of each
previous instruction. There is overlap here
on a purely functional basis. Next is the mem-
ory fetch time for operands. At the right is
the execution time showing the load above
followed by the multiply, then by the Add
Register to Register.

Now, clearly in a code of that sort, look-
ing at a single iteration, you have a completely
dependent series of operations in the load mul-
tiply add. They have to proceed in sequence
so that if you looked at this as one iteration of
the loop, it looks like a fairly long time to
process. Because of the internal forwarding
structure in the 92, however, when we get into

the second iteration some interesting things
happen. In Fig. 3, we have instructions 1, 2, 3,
and 4 repeated again, showing the second itera-
tion of that loop. We have a completely smooth
flow in this case, and for this reason I have
chosen this example. This is the kind of prob-
lem where things go very well. It is executing
completely in loop mode; therefore, there are
no instruction fetches shown here. The index-
ing branch, the BXLE, requires only three
cycles, at which point the first instruction for
the second iteration loop is fetched out of the
instruction buffer down to the decoder and is
begun in execution immediately. You will
notice these three operations for load, multiply,
and add for iteration 1 are somewhat overlapped
with a load, multiply, add for iteration 2, even
though, because this is a simple routine, both
sets of sequential operations require the same
floating register zero. So again, this is not
poor code even though it does use only one
register in that particular portion.

There are, however, other cases of code
that do not run quite that well. Figure 4 repre-
sents a general range of CPU performance.

We have found in the problems we have
looked at that we range from approximately 15
to 120 times an IBM 7090. We rose from as low
as 15 times 7090, where the 92, and for that
matter any other parallel machine, cannot take

Figure 2.
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LD O
MD O
ADR 2,0
BXLE

LDO
MD O
ADR 2,0
BXLE

00000000

Figure 3.

Range of Performance
(Internal)

90
80
Performance
In 60
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40

30
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0

List Processing

Partial Differential
Equations

Class of Problem
Standard Unit = One IBM 7090!

Figure 4.

advantage of the parallelism in the processor,
up to approximately 120 times 7090 for the

partial differential equations type of jobs, the

matrix problems, ete., where things proceed in
a very orderly manner.

The list processing clas‘s‘ here is char- -

acterized by a dependence on memory access
time, and as one moves through a threaded list,
it is impossible to get the data for the next

piece of information until a previous piece of
information has been obtained. All of the
parallelism we can possibly design into a ma-
chine does not do much good when program-
ming is done in that way. Compile falls at
about the 80 mark, which is around the middle.

" Compilation takes advantage of the VFL and

other instructions which aid scanning.
So far, we might say we are looking at
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the extremely large problems that are found in
a fairly limited number of installations. We have
to worry about applying an extremely huge
capability, or large piece of hardware, to per-
form small jobs as well as large ones. When
we begin to consider this class of jobs which
might be characterized by more I/0 relative
to compute than one might like for the high
performance machine, we can go back to the

7090 and look at a typical—and I wince a little
at my choice of the word typical, because I do
not really think there is one—IBM 7090 small
job.

In Fig. 5, in fact, there is a fairly well
coded example of such a problem. Observe the
overlap of the computer with the CPU time.
This job probably came into the system com-
plete with a program followed by its data, prob-

Typical Short Job-

IBM 7090
(Well Organized)

cpU
Start 1/O

Data
Move

CPU
e

Start 1/O

Total Time = 1.0 Units

Figure 5.

Typical Short Job-

IBM System /360 Model 92
(Well Organized)
(Same 1/0)

Data
Start 1/O Move
CPU

S

tart 1/O

Total Time = 0.9 Units
Performance Improved by 10%

Figure 6.
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Back End ——

¢ LCS as Extension of
Memory

¢ LCS as Job Queve

¢ Fast Files on Back End
1/O Channels as
Extension of LCS

_— Front End

I/O Devices

Some Shared

Figure 7.

ably originating in cards. It was converted
off-line to tape, placed on an IBM 7090 on a
tape containing program and the data with
about 5 to 10 words per record in the data
portion of the tape. We essentially have a
situation where we do a little computing, and

before finishing, begin the request for I/O for

the next bit of computing we want to do, thus
overlapping. We have here a minimum start
time of about seven milliseconds followed by
about a millisecond of data move before we
can begin the next piece of computation, and
we continue in this particular fashion.

Let us assume the user who has this
program and this hardware buys a Model 92
and uses it exactly the same way. - Then we
have the picture in Fig. 6, where the CPU time
is shrunk so that it’s not even visible, but the
I/0 time has stayed the same. In that par-
ticular problem, we have shown one could run
at about 10% faster than the 7090.

This is one way of increasing the amount
of hardware in the field, but not, apparently,
a very good way of making many people happy.
It is necessary to solve these problems differ-
ently, and with much different I/0 devices. In
fact, we have proposed a number of alternate
methods. ‘

Let’s look at a system organization as
shown in Fig. 7. The key to support on a 92

is drawn in the center of this picture, which is
LCS (large capacity storage.) This is a basic
eight microsecond box of storage in which one
can provide up to 2 million 64-bit words, on
the Model 92. The storage shown is surrounded
by other elements of the computer system, in-
cluding CPU, I/0 channels, and main working
storage. The broken vertical line separates
functionally the things one is planning to do
when solving a problem in the system. To
the right, we have the front end which we will
assign at this point to basic dealings with the
outside world—referring to the basic input of
that little program that we were worried about
earlier, and such. So, we have I/O devices on
the front end; to the left, or back end, we will
assign the functions of problem solving.

I am not necessarily implying a two
computer or an (n) computer organization.
Both of the CPU’s indicated here may be the
same computer; there is no necessary reason
that they be separate. In fact, we allow both
kinds of system configuration. The actual ad-
vantage of one over the other depends on ap-
plication, so there isn’t a single system which
is right. There are a number of them, since
there are a variety of uses they will be put to.

The characteristics of the CPU relative
to LCS are identical to the characteristics of
main working storage and the CPU. That is,
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the large capacity storage (all 2 million words
of it) are directly addressable, so that one
could execute programs out of large capacity
storage or one could fetch data in the inner loop
of the matrix multiply out of large capacity
storage. Clearly there are cases—even with
the interleaving of large capacity storage since
it is a basic eight microsecond cycle—where one
must pay very dearly for using it that way for-

the access time. We have found, however, espe-
cially in the list processing end of that perform-
ance chart, that the availability of extremely
large storage is as important to system per-
formance as is the speed at which things can be
put in and out of that storage.

In addition, the channels also have inter-
face with LCS identical to the interface of the
channels to main working storage. Thus, you

Block Transfer Unit

Memory
Address 1

Memory
Address 2

Figure 8.

Effective |/O Improveménf

333X

7 ms
Start 1/0

Ims
Data
Move
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Total System Concept #1

Model 92
System

Figure 10.

can move from I/0 devices directly into LCS
or directly into the main working memory and
from memory back to I/0 devices through the
channels. ‘

If we get back to that short job, let’s
envision that through this functional part of
the system we place that job, its program, and
all of the data in an extremely small corner of
LCS. In solving the job, we then treat LCS by
the back end CPU just like the tape device
that the 7090 programmer was moving when
he wrote his code. With all of the program-
ming data here, we first move the program to
main working storage, then operate identically
to the mode we had for the IBM 7090, pulling
the 5- or 10-word records of LCS into the main
storage. , : »

In the same operation, but using the
storage channel which was announced with the
Model 92, we can have rapid sequential trans-
fers and somewhat non:sequential transfers of
information from one area of storage to
another. Transfers can be made on the storage
channel for LCS to main storage and the re-
_ verse, and information can be moved between
areas of the same storage.

A study of the characteristics of that
storage channel reveal that it has some other
interesting aspects. First, it operates like an
I/0 channel in that it is put into action with

a start 1/0 operation. It proceeds to the con-
clusion of its particular operation independent
of the CPU, save for the very small amount of
memory interference, and causes an interrupt
at the completion of the transfer. This par-
ticular transfer at a maximum rate of one
microsecond per 64-bit word is accomplished
just like an I/0 transfer. Further, as illus-
trated in Fig. 8, there is a scatter-gather capa-
bility such that in the scatter mode one can go
from sequential words in one area of storage
to non-sequential words in another area of stor-
age separated by a constant delta specified in
the operation by the programmer. The opposite
or gather case would be the transfer in this
direction in which the delta quantity is applied
to the source rather than the sync. An inter-

~ esting aspect of this is that the matrix trans-

pose can, in effect, be accomplished on the fly
while bringing the matrix in from large ca-
pacity storage.

We can compare I/0O moved this way
with the tape device we had on the 7090. Note
in Fig. 9 the seven millisecond start time, which
is the access time of the tape, and one milli-
second data move compared, for LCS, with a
four microsecond analogous start time or access
time and, with only four-way interleaving, a
20 microsecond transfer time, or a ratio of 333
times that on the 7090. In order to accomplish
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Total System Concept #1

Model 92
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. System \ 60 Printers - ) \

QOutput

Figure 11.

Total System Concept #1

Model 92

to Receive

System
\ 60 Printers

Output

Warehouse
to Store
[aput
Paper

Figure 12.

this, the information must be gotten into LCS
initially and, alternately, back out. Hence, the
system must be expanded from that point, and
there are several interesting phenomena that
occur when this is done.

First, if we take a very simple approach,
the original source of information has to be
expanded considerably, i.e., in terms of number

of card readers and such, over what the 7090
needs for a basic support. Next, to avoid mak-
ing the numbers in this expansion become ridic-
ulously high, new approaches to techniques of
solving problems are also required. Let us just
look at a few possible further system organiza-
tions. If we start in a circle (Fig. 10) with
what has been described in the kite diagram as
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the Model 92 main system, then we can begin
to add some of the things we need in support
of this system.

As illustrated in Fig. 11, approximately

60 printers are required in order to handle the
output information. Assuming for the moment
that this is acceptable to everyone and proceed-
ing with the design of the system; one then adds
from here. Of course a warehouse will be needed

to store the paper that is going to input to the
printer (Fig. 12). Since warehouses are easy
to build, this step is acceptable and the process
can go on. Then the paper itself is needed
(Fig. 18)—and this step might result in a
lumberjack population increase of about 200%.
As it has already been decided to build one
warehouse, it will not be particularly difficult
to build the second warehouse for the output

Totdl System Concept #1

Lunber
Jack Warehousa /

1o Store
Incrense Inpet
- Paper

Pop. 2009 ———

\ 60 Printers

to Receive
Output

Figure 18.

Total System Concept #1
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% T toStore

Input
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Output
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Output

Figure 14.
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Total System Concept #1
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Figure 16.

paper (Fig. 14.). But, what is most disturbing ,

in this situation is what happens when the
programmer enters the picture (Fig. 15.). He
first examines this paper. ‘An incinerator, for
him to burn it, is added, since he doesn’t use
it anyway, and he further makes the situation
worse by being very nasty .and re-inputting
another job or that particular job which hasn’t
been debugged yet anyway. Things get even

worse, because the net effect of that program-
mer—and only one is being considered here—
continues to build up the cycle.

We are providing the equipment and a

- possible solution to this problem. The main
" piece ‘of hardware that can help here is the

IBM Datacell which will store 400 million char-
acters of information in a tape strip fashion
with individual portions, actually 40 million
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per portion, removable and storable on a shelf.
A reasonable mode of operation for a system
-of this sort to avoid the massive print require-
ments is to store dumps on the data cell (Fig.
16). Rather than dumping memory dumps to
a printer for the programmer, which usually
represents most of the print load, we place it
in the datacell. We then send to the program-
mer the summary information that he specifi-
~ cally requires with either ‘very conventional
~devices such as on line printers or tapes that
will be printed off line, or more sophisticated
devices such as optical displays and very fancy
terminals. This is to know whether the run
-is go or no go. '

He then has at his disposal in the data
cell the detailed information which he can re-
quest, let us say through the front end portion
of the system. - Again, I want to emphasize
that the front end is not necessarily a separate
processor; this concept is not particularly new,
nor is it complete. There is a great deal of
work to be done before we can solve all of the
associated programming problems as well as
the language problems. We have the hardware
and a very good start on the programming, but
as hardware designers we recognize that we
are completely at the mercy of the program-
mers, both systems and users.

As we proceed down our design path,

Problems

7090
Programs

our next question is how good is the system or
any other that we might build in a real systems
sense. This is the subject of system evalua-
tion. When starting out to evaluate systems,
I think, : historically we have looked simply
perhaps at the floating multiply time or the
floating add time, which if we did here, would
look very fine for the Model 92, but it is not a
true measure of system performance. As we
have shown, it is not even a true measure of
CPU performance. v

To go further, I think we have passed a
phase in ‘which. we have looked at instruc-
tion mixes. To calculate average instruction
times, we have reams of data on 7090, etc., as
to what instructions we execute and how often.
The theory then is that one can somehow relate
that  instruction mix to another machine,
perhaps get some alternate mix number which
is the millions of instructions per second and
relates the power of one machine to another.

Not all instructions in all machines ac-
complish the same actual quantity of useful
work, however. The pure use of instruction
mixes without very sophisticated translations
from one machine to another is completely
useless. The mere quoting of instruction rates
is not very exciting because we can get factors
of three or four differences in performance

‘between machines that have the same identical

Figure 17.



92 PROCEEDINGS—SPRING JOINT COMPUTER CONFERENCE, 1964

CH A Unit 1

—

CH B Unit 6

Figure 18.

mix rates. Therefore, we do not intend to con-
tinue on this particular path. An example here
was the matrix’ multiply loop which took only
four instructions on the Model 92. With the
7090 this would be perhaps twice as many in-
structions. There is no simple instruction ratio
that can tell you anything about performance.
Instead, there is the rate at which you can
actually solve problems in a system environ-
ment. This is a meaningful number.

This is what we have a fairly elaborate
scheme for doing. As: it happens here, of
course, there are many ways of looking at a
problem. One way that we propose is again
through the experience with a 7090 class of
system. We can look at problems already
solved—although this is not an ideal procedure
because we are talking about problems of the
past, not the future—and the way they were
solved on a 7090, In Fig. 17, FORTRAN is sepa-
rated from the machine language, since it is
somewhat machine independent.

Looking mainly at problems run on a
7090 now and in the past, we have built a
hardware device, called POEM, which we at-

tached to the 7090 giving us a dynamic trace.

of the actual system performance on a prob-
lem for the 7090. Let us look at some of the
characteristics of POEM in Fig. 18. It gives us

a dynamic 7090 profile; it attaches into the .

hardware monitor interface on IBM 7090/94
type equipment and produces a self-contained
tape record of what went on in the IBM 7090
during the solution of the problem. For each
individual portion of CPU time and each in-
dividual I/0 time there is a specification on the
tape. There are further dependencies shown
here as evidenced by the dotted lines that dem-
onstrate that a particular I/0 action did not
proceed on the 7090 until the CPU had gotten
so far. I have shown two channels here, since
this is fairly normal.

We then get a very long tape with in-
formation of this sort on it related purely to
the 7090. That information as such is not
directly usable to analyze the performance of
any other system other than the 7090, for
which we have many numbers, anyway.

We have developed a set of conversion
programs called POEM conversion programs
that simplify and purify the picture that POEM
produces. It does not end up in a completely
pure picture but a less impure picture than it
started with. Let us look at Fig. 19 and see
what the POEM conversion program does. It
simply makes an attempt to subtract from the
CPU portion of the 7090 time the IOCS over-

“head, since we are not interested in that IOCS.

It subtracts from the compute time that amount
which was added to the pure compute time be-
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cause of interference by I/0 devices in memory
with the computation. Again, this tends to
shrink the 90 CPU time and convert the I/0
time as indicated on the POEM tape to a trans-

fer of (n) characters, for instance, rather than -

time to transfer the characters. This makes
this particular line device independent so that
when we look at that particular tape in respect
to a 360 system such as a 92, we can plug in

lots of different devices and experiment as to
just how things go.

The net intent here is to provide through
the POEM conversion program an input to
what we call a COMPASS simulator. We can
then put the information on the work that was
done on a 7090 through this path to a systems
simulator for System/360 including the 92
(Fig. 20). We set as parameters to the simu-

POEM Conversion Program

Subtracts IOCS from CPU Time
Subtracts 1/O Interference from CPU Time

Converts 1/0 Time to Characters Transferred

Hardware Programming

Configuration memmuey  COMPASS mmmmmmmme  Systemns

Parameters Parameters
Thruput #

Turnaround

Equipment Utilizations

Quevue Times
aye Lengths

Figure 20.
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lator the specific hardware configuration that
we are currently looking at in the simulation
run. We allow all of the flexibility in the simu-
lation that is allowed in the hardware connec-
tions themselves, i.e., in all of the shared mem-

ories between CPU’s, shared I/0 devices on

channels, pooled devices, etc.

We also specify—and there is another
simulator involved here—the programming sys-
tems parameters such as compile speeds, algo-
rithms employed in the control section, ete.
And we get out hopefully accurate information
on thruput which is a little bit of an un-
definable number, but represents essentially the
amount of work done in a given time, turn
around time from input of the job to output
conclusion, then of course both of these in,

statistical form as well as individual form. It

will also indicate equipment utilizations and
queue lengths: how much of the time of the
CPU will be actually used, how much of the
time with each I/0 device, and so on. It will
indicate queue lengths and queue times on each
device. '
What we have done with this program
to calibrate it is to take that complete path
from the 7090 and to plug in hardware con-
figuration parameters such that we make the
hardware we are looking at look exactly like a
7090. Now, we have run problems on the 7090,

PROBLEMS

7090 FORTRAN
PROGS, PROGS.

Hardware

Configuration .
Parameters

Thruput
Turnaround
Queves
Utilizations, etc.

then passed them through our set of programs
with the hope that we will get a number simu-
lated which is identical to what we measured
with a stop watch on the 7090. In fact, on the
jobs we have done in this way we’ve been within
8% of being identical in simulated time to 7090.

The basic use of this is to explore various
hardware and software configurations for ma-
chines like the 92 so that we can hope to
optimize them. There are other ways of getting
information into the simulator and Fig. 21 es-
sentially represents a fairly complete picture
of some of the other things we are doing to
evaluate systems. Among them are counters,
one of which is a modification of the direct
couple system that we have in Poughkeepsie
available to us which allows a front end IBM
7044 (instead of operating as a direct couple
system) simply to monitor the back end IBM
7094 operating in stand alone fashion. Then
we just use the 7044 as a big counter and get
very elaborate statistics on instructions proc-
essed in the 7094. We have a program called
the MAP timer which can take a 7090 instruec-
tion mix and convert it through a comparison
to 20 other programs we hand-coded to a
System/360.

There is some meaning to instruction
mixes if you have a reasonable conversion pro-
cedure. In MAP, a conversion procedure ac-

Programming
Systems
Parameters

Figure 21.
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tually works on a linear combination principle
of the instruction mixes and the performances,

etc. From this program we can get for things

run on the 7090 actual CPU times for 360
machines and instruction mixes which we can
input after some hand massaging to the system
simulator compass.

We also can go through a similar pass
on 7030 where we have a fairly elaborate in-
struction counter device attached to give us
these instruction counts. The original scheme
described has in it a number of constraints on
the 7090 (Fig. 21) that we are measuring; but
they may not necessarily be true constraints on
the system under evaluation.

For instance, the fact that you’ve got
two channels means you have only two channel
actions going on at once, so there are artificial
dependencies there. What we will get out of
the final information here is a lower limit on

the 360 performance, although we’re not too
concerned with this fact since we feel that the
relative value of different systems is still quite
accurate and not necessarily lower limit.

As we move to the right and do a little
more work we are getting more accurate in-
formation for the 360 system, such as the
Model 92. Now as we go clear over to where
the problem is coded and perhaps run it on
some models of 360, or simulate it, then you
have the completely accurate time. However,
you have also done a lot more work since you
must code the problem. The answer, then, to
what the system performance is, is that there
is no single number; it is going to depend on
what is done with the system, but it is our
design objective to handle large problems. We
also intend to handle lots of small problems,
and it is our design principle to handle a com-
bination of the two.
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INTRODUCTION

Although the purpose of this paper is to
describe the Philco Advanced System and the
design and application considerations that gave
rise to it, it will be necessary to review in some
detail the Philco 218 System. The two systems
are quite similar in concept and organization,
and differ only in three respects:

1. Speed—The 213 System -operates in the
vicinity of one million single-address
instructions per second for each of one
to four processors; the objective for the
Advanced System will be at least four
times that speed.

2. Technology—The 213 uses present-pro-
duction discrete-component circuits, and
ferrite cores for both main memory and
bulk memory ; the Advanced System will
use integrated circuits, thin-film main
memory, and ferrite core bulk memory.

3. Vocabulary and Unit Orgaenization—
The Advanced System will be totally up-
ward-program-compatible from the 213,
but will contain additional facilities both
in machine language and in internal or-
ganization of system units.

In order to explain the reasoning that
has led to many of the new characteristics of
these systems, this paper will review, at an
elementary level, the characteristics of, and
several problems associated with, multipro-
gramming and multiprocessing.
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1. OBJECTIVES

This section discusses, not in any order
of importance or urgency, the objectives Philco
seeks in defining the Advanced System to fol-
low the recently announced 213.

Definitions: Two terms that will be ex-
tensively used in this paper are defined as
follows:

o Multiprogramming is the time-sharing
of processor(s) by a number of not nec-
essarily related programs simultaneously
present in main memory ; the number of
programs may be larger than the num-
ber of processors.

o Multiprocessing is the use of two or
more self-sufficient processor units with
a single, logically continuous and jointly
addressable main memory.

1.1 Numeric Computation Power Growth

The demand continues for greater and
greater speed and flexibility in performance of
numerical calculations. Experience with lower-
powered computers has given rise to descrip-
tions of large physical problems that justify
more detailed solutions of more realistic numer-
ical models, which are potentially capable of
saving substantial calendar time and of pro-
ducing more accurate physical analyses and
better engineering designs.

With the advent of general-purpose
“computational colloquy” time-sharing systems
for large machines, it seems clear that the great
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efficiency, flexibility, and generality of even
higher-powered hardware and software can be
applied to small problems conveniently and
economically. The awesome reserve power of
the multimillion-operations-per-second numeric
engine is on reserve as required. '

1.2 Non-Numeric Computation- Power Growth

Even in scientific laboratories devoted to
large numerical calculations, the workload of
processing non-numeric tasks (program com-
pilation, natural language analysis, complex
problems in mathematical logic) grows steadily
and in many installations has already pre-
empted several hours’ machine time per day.
This work is characterized by a relatively small
number of macro-operations that are compiled
into many programs, are composed of a rela-
tively large amount of character moving and
testing, and are executed with high frequency.

The 213 adds to the 212’s vocabulary a
number of character-string testing and manipu-
lating hardware macro-commands, ‘which pro-
vide modest improvement in program space
and dramatic improvement (in significant cases,
up to 40:1)* in speed of execution of some im-
portant functions. The Advanced System will
extend the 213’s vocabulary as indicated by
analysis of actual 213 program workloads. -

1.3 Computation Economy improvement

The 210! offered a few-hundred-percent
increase in computation capability, as compared
with the highest-powered and most economical
vacuum-tube computers of the preceding gen-
eration, at an operating cost increase on the
order of only 10%. The 211 doubled the 210’s

capability at another 10% cost increase. The

212 offered a fivefold increase in power over the
211, at only another 20% cost. With each of
these machines, problems that had been handled
on earlier computers could be solved at substan-
tial cost reduction per unit workload. In addi-
tion, the effective buffering of data flow between
main magnetic core memory and magnetic tape
used as auxiliary memory permitted efficient

* As an example, the 213’s Move-Break instruction
performs, in about 15 microseconds for the first 8 char-
acters and 2.4 microseconds per 8 additional characters,
logical operations that require about 380 microseconds
per 8 characters on the 212, This instruetion will be
explained in Section 3.2.

solution of large problems; in the earlier ma-
chines, such problems would have been un-
reasonably inefficient unless limited in size by’
core memory.

The 213 provides new kinds of problem-
solution power and flexibility, in addition to
further reduction in the cost per unit of com-
putation workload.

The Advanced System will continue the
trend, with a capacity increase of at least a
decade, at a much smaller increase in total
system operating cost.

Highly generalized multiprogramming
capability has, within the past two years, come
to be recognized as a potentially valuable tool
for solving a frustrating problem, viz., the low
effective speeds of large computers on existing
workloads as compared to the instantaneous or
internal speeds of which the machines are
capable. Even the most highly refined types
of programs seldom utilize more than 70% of
system capability; i.e., the central processor is
computing effectively less than 70% of its ob-
served productive time. Careful observations
on large working systems by sophisticated
users have disclosed effective utilization of CP
time, averaged over the computing day, between
30% and 50% ; hence, a throughput improve-
ment by a factor of 2 or more may be available
through highly efficient utilization technigques
without increasing processor internal speed.

For time-sharing users, the continuing
improvement in unit economy of computation
service from super-powered computing systems
is coupled with another kind of computation
service economy: while each user may be com-
mitted only to input/output facilities as needed
and to average workload cost, he has available
upon demand the huge power of the high-

" powered system to satisfy his peak require-

ments. In many cases, this could avoid the

need for a user with sharply peaked workload

to acquire peak-capacity equipment; in others,.
it could permit the economy of specifying an
occasional large problem in optimal fashion
rather than as constrained by small- or medium-
scale on-site equipment.

1.4 Turnaround Time Improvement

The values and the problems associated
with improvement of service delay for conven-
tional computation jobs in a batch-monitor en-
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vironment have been discussed at length in a
previous paper.?

' A detailed report on an actual installa-
tion workload, and its service delays before and

after a tape-to-tape monitor system (with off-

line device operation) was replaced by an all-on-
line dynamic-rescheduling system, was given
by Kory and Berning.* This system created
queues that were either at least fifteen minutes
duration or comprised at least five jobs, select-
ing from among queues not yet executed by
consideration of priority class, arrival sequence,
estimated running time, and estimated output
" volume, qualifying run sequence by checking
available tape units and tape requirements.

Kory and Berning observed an average
reduction in turnaround time from 4.1 hours to
1.6 hours. (It may be noted that this service
improvement in a short queue rescheduling sys-
tem was not, contrary to the prediction by Pat-
rick,® achieved at the cost of lower system
efficiency.) Kory and Berning observed an aver-
age reduction of setup time from 1.3 to 0.5
minutes per job, resulting in an overall reduc-

tion in machine time required to handle the

same volume of workload. :

With regard to I/0 tanking space, a sim-
ulation of their proposed system prior to its
installation, using previously-recorded dual-
7090 workload data, predicted that “. . . the
maximum backlog (cards plus print) on disc
would not exceed 2.4 million (six-character)
words.” This conclusion supports reasonably
-well the original design decision by Lavine®
(discussed in Section 5) for the Philco monitor
212SYS, to allow a minimum I/0 tanking space
of 1.5 million (eight-character) words.

We found the Kory-Berning paper to be
particularly significant in that it seems to be
the first occurrencz in generally available pub-
lished form of a before-and-after study of a
dynamic rescheduling system installation, sup-
ported by meaningful empirical data taken
from comprehensive records of an actual work-
load.

It demonstrated neatly that significant
improvement in both turnaround time and sys-
tem efficiency can be achieved at the same time
merely by optimizing over a few workload pa-
rameters the sequence in which short job queues
are executed. We feel that the results are con-

servative, since none of the compilers were re-
written to utilize disc files.

The proposed system will extend the
method by optimizing run sequence over more
parameters and by subdividing unit runs two
levels deeper, to segments of individual jobs.
By means of multiprogramming, the system will
switch a processor to another task when one
job sequence encounters a delay such as an
I/0 request or in response to a priority change.
Not only will system efficiency be considerably
higher, but the effectiveness of job segment run
sequence optimization should be improved sub-
stantially. Thus this system should attain an
even greater improvement in turnaround time,
as compared with a conventional modern tape-
to-tape monitor, than have the first-generation
dynamic reschedulers.

1.5 Computational Colloquy by Time-Sharing
from Multiple Consoles

Bauer proposed a concept that has re-
ceived wide acceptance : computer service should
be available as a public utility, in the image of
electric and telephone service, with each user
able to command almost arbitrary amounts of
service. Bauer perceived that it would be neces-
sary to provide for automatic assignment, by a
powerful executive system, of memory space
and of a multiplicity of central processors. The
central theme of the present paper seems almost
to be a specific answer to Bauer’s challenge of
six years ago.

It has been demonstrated at several
pioneer installations, including Massachusetts
Institute of Technology, Carnegie Institute of
Technology, RAND Corporation, and System
Development Corporation, that prompt-response
dialogue between several concurrent users and
a single computing system can result in sharp
increases in speed of program echeckout and in
progress rate on research projects. Such man-
machine communication also makes practicable
concurrent access to large files by many re-
questors for very small data manipulation tasks,
which may be coordinated with generalized file
maintenance. The status of the MIT and SDC
projects as of mid-1964 has been summarized
by Fano® and Schwartz®. : o

This concept of computer utilization is
different in principle from the now-conventional
automatic monitoring of “jobs’” as submitted to
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a modern computing center. Instead of an en-
tire computer request-for-service being pre-
pared in advance and submitted as a unit, a
colloquial user communicates with the system
through a two-way console, entering elements
of his request in serial fashion and with system
response possible at many points during the
communication. For instance, a small program
could be keyed into a console in source language,
one character at a time; compilation could be
requested from the console; compilation diag-
nostic comments may be presented to the re-
questor via the console; execution may be
requested; results may be presented; another
program may be requested to be brought into
active status from quiescent status in on-line
mass memory; conventional debugging opera-
tions may be requested and results observed
either in whole or in selected parts; all by user
activation of a keyboard or other input means
and by system response to the user through
typeout or other visual display.

The distinguishing difference between
the two modes of machine use is that in “job”
mode, a machine run is prepared and submitted
as a single entity, and results are returned in a
single printed report after run completion; in
“colloquy” mode, preparation, request, and re-
turn of results occur as a continuing chain of
events with elements of each interspersed
among the others without any predetermined
sequence.? .

This type of operation becomes particu-
larly effective if a high-powered hardware-soft-
ware complex is accessible through a user’s
console. Since much of the user’s time is spent
in manual or mental operations when accessing
a fast machine for short bursts of computation
service, it is desirable to serialize or “time-
share” the central system.

Early time-sharing experiments were
performed using multiprogramming techniques
to permit a few users to memory-space-share
as well as to time-share the system. Hardware
then available was inadequate to permit ac-
commodation of a large number of users with
reasonable efficiency and response speed. The
first relatively large-scale experiment? made
use of a brute-force scheme of memory
swapping from on-line mass memory.? It
achieved reasonable system efficiency, with frac-
tional second keyboard response and fractional

minute service request response, for up to a
few dozen concurrent ‘“foreground” -colloquy
users, with any available central machine time
made available to service a “background” job-
mode workload.

At the present time, several time-sharing
systems are being planned, to accommodate
from a few dozen to a few hundred concurrent
on-line users. Different approaches are being
taken to several aspects of system planning:
some provide console multiplexing under direct
control of central processor(s), while others
use auxiliary communication processors. Some
use dialed-up connections from a large number
of remote locations, permitting only a fraction
of the stations to be on line at a time; others
have all stations connected full-time. Some
retain active information in core memory and

- attempt to minimize communication with user

files in disc or drum ; others process all informa-
tion from the rotating machinery, using core
memory primarily as a buffer, as regards proc-
essing of user files.

The 213 'and Advanced Systems have
adequate flexibility and power to handle con-
ventional I/0 devices as well as multiple remote
keyboards directly from the central proces-
sor(s), although present plans call for use of
one or two Philco Type 170 Communications
Processors to handle the remotes.

1.6 Full Generality

Of central importance is that the new
system must be applicable to all classes of com-
putation work for which conventional serial
single-processor computers have become useful.
Its utility must not be dependent upon develop-
ment of new mathematical or programming
methods.

One way to meet these requirements,
and the way chosen for these machines, is to
have a processor execute a program segment
seriatim in the manner of a classical Von Neu-
mann computer; i.e., instructions are executed
serially and in an order that is completely de-
pendent upon each program and the data sup-
plied to it. '

1.7 Efficiency with Procedural Languages

For predictable system economy it is im-
portant that the machines be capable of per-
forming calculations by executing object lan-
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guage programs compiled from source language
programs written in existing procedural lan-
guages at “full efficiency,” i.e., it must be fea-
sible to construct fully automatic compilers that
produce object coding comparable in compact-
ness and in execution speed to hand-optimized
machine language coding.

We have rejected, on the basis of inade-
quate generality, schemes that achieve full
speedup only for short instruction loops, requir-
ing that those loops be executed from a finite-
length string of special registers.

1.8 Graceful Degradation

A large system requirement that has
been given close attention in the past by mili-
tary users is now assuming significance in the
plans of advanced engineering-scientific and
commercial computer users; the system should
not go out of service in the event of failure of
any unit, even a central processor. A fault
indication should evoke automatic test proce-
dures. If found defective, a unit should be
withdrawn from service and the system should
continue in operation with reduced capacity.
The executive function should not assign
further tasks to the defective unit until that
unit has been returned to the system by main-
tenance personnel and has been found, by tests
performed under executive control, to be fully
operational.

Such testing, withdrawal of equipment
from assignment to system tasks, proof-testing
after repair, and re-integration of equipment
into the workload pattern, ideally should be per-
formed without manual intervention.

This resilient performance under equip-
ment fault conditions, sometimes called “crip-
pled mode capability,” requires that the system
be highly modular in organization and opera-
tion and that more than the operational mini-
mum number of each type of unit be present.
There must be at least two central processor
units that must operate cooperatively and anon-
ymously. Memory must be organized so that
at least one major unit of main memory and
one of mass memory may be withdrawn from
service while the operation continues. Similarly,
the system must be capable of continuing oper-
ation with at least one of each type of input/
output device out of service. Finally, at once
the most difficult and the most important con-

sideration is that switching redundancy must
be built into the system so that no single fault,
however severe, can prevent a successful recon-
figuring under program control into an opera-
tional erippled-mode system.

In view of its potential importance in
large-scale computing systems of all types, the
concept of erippled-mode operation has received
surprisingly little attention in recent litera-
ture. The concept was considered briefly by

" Shafritz and others!® in the context of a discus-

sion of stored - program - computer - controlled
communication switching systems.

A related but separate consideration,
which becomes significant in the case of a sys-
tem fault (such as loss of an area of memory
containing active-status-list information) that
cripples the executive function itself, is that of
system rollback and restart. '

In order to guarantee restart capability
after an unscheduled and perhaps disastrous
interruption of operation, it is desirable to per-
form periodically a total dump of main fast
memory, critical tables in main slow memory,
and all processor registers. It is also necessary
to enforce system conventions that avoid the
possibility of irrecoverable faults; thus, for
example, a previous-state copy of a file being
updated must be preserved, together with
source data for the updating, until a later
reserve-master file has been confirmed as cor-
rect and has been placed in protected storage.

In the past, system dumps to conven-
tional types of tape or disc equipment have
been inordinately expensive because of the ex-
cessive time required. The Advanced System
will use the High-Speed Drum for system
dumps, requiring only one drum revolution
(just under 35 milliseconds) per 32,768 words
of fast memory; thus, a typical 131K system
with up to four processors could be dumped in
less than 1/7 second, and dumping once per
minute would consume less than 1/4% of sys-
tem time. (The Executive will minimize col-
lateral time losses by taking such steps as
choosing, if possible, dump times to occur when
no I/0 is waiting.)

In both the 213 and the Advanced Sys-
tem, Memory Control is decentralized for two
reasons:

a) Sections of Memory Control are placed in
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close proximity to processors in order to
minimize cable delays, especially for those
signals requiring response and hence sub-
ject to round-trip delays.

b) Decentralization limits the memory area
that can be disabled by any one fault,
even in memory switching; in a two-
processor 213 system with total memory
size an integral power of 2, for example,
no more than half of memory can be dis-
abled by any one fault, including loss of
memory switching or loss of power supply
to any unit.

One of the most comprehensive systems
of the resilient type that has been specified to
date is the second phase of the AUTODIN
(AUTOmatic DIgital Network) System. Philco
is now designing this system!® and is studying
the applicability of the concept to a broad
range of computer systems.

The Advanced System is intended to be
capable of operating as outlined above, with
hands-off system response to unit-disabling
faults by conversion under program control to
crippled-mode operation and with limited loss
of information even under loss of current ex-
ecutive data.

1.9 No Reprogramming

A frequent goal in the development of
computers has been that programs operational
on one type of machine shall operate, without
any conversion effort, on a later type of
machine.

This absolute upward compatibility was
achieved literally with the Philco 211 following
the 210, and again with the 212 following the
211. 212 programs will be operational without
change on the 213, and 213 programs on the
Advanced System.

In each case where a program is to be
operated in a machine other than that for
which written, not only the hardware environ-
ment but the software environment must be
compatible. Thus either the same executive-
monitor system must be used in both machines,
or appropriate steps must be taken to adapt to
the second executive the program under con-
sideration and its system and library routine
calls.

In order for upward compatibility for

programs to be realized, it is necessary that
a new machine not only logically contain the
previous machine, but that all I/O operations
be absolutely program-compatible. (It is not
necessary, except for file-handling convenience,
that they be device-compatible. Thus Philco
90K ch/s and 240K ch/s magnetic tape trans-
ports use different physical tape, and Philco
120K ch/s IBM-compatible magnetic tape
transports use not only a different type. of
tape, but a different reel of a different width;
yet the same program will operate without any
change on Philco 212 or 213 computers using
any of the three types of transports with ap-
propriate tape, provided the programs use the
fixed block size (1024 characters) that is re-
quired for the 90K ch/s transports, or on either
the 240K ch/s or the 120K ch/s transports with
any chosen block size.) '

A plan now under study in this organiza-
tion would obviate or greatly reduce the magni-
tude of program adaptation to a new executive.
This plan would place the original executive
system under control of the new executive,
which would utilize the original library and
system routines. If successful, this will permit
212SYS and programs running under it to oper-
ate as a single job under control of 213SYS, a
new executive with multiprogramming and
multiprocessing capability.

1.10 “Common-Access’” to Routines and Data

This objective, and our means for attain-
ing it, are discussed in Sections 4.1, 4.2, and
4.3 below.

2. SYSTEM PLANNING FOR MULTIPRO-
GRAMMING AND MULTIPROCESSING

2.1 Introductory Remarks on Multiprogram-
ming _

In the context of the present paper, the
primary purposeé of multiprogramming is to
keep the central processor or processors oc-
cupied with useful work as nearly continuously
as possible. v

Thoughtful users realize that a typical
computer job includes substantial central proc-
essor wait time. If input/output is not well-
bufferred, as is surprisingly often the case,
lost mainframe time may even be visually
noticeable (at a maintenance console) ; such a
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circumstance in a high-powered system is, and
rightfully so, abhorrent to the cost-conscious

user. The magnitude of central processor time -

wasted through I/0 waiting alone may, in even
a well-managed installation, exceed 50% for

significant periods of time. Hardware micro-

timing analysis of operational environments by
several computer manufacturers on behalf of
individual customers during the past two years
has provided (privately) considerable evidence
on this topiec.

Even programs of the kinds that typ-
ically are tuned to a high order of performance
encounter significant unavoidable delays. Ex-
amples of such programs are sorts and matrix
manipulations.

After an initial startup delay to load
memory with data to get the first string gen-
eration process started, internal sorting typ-
ically uses all available processor time. The
merge phase, however, which takes most of the
total time, is typically severely limited by
input/output speed. If there are only a limited
number of channels; if the system has a fixed
relationship between particular I/0 devices
such as tape units and particular channel num-
bers; or if the tape units cannot read back-
ward, the processor idles a substantial part of
the time. Thirty per cent or more lost time
averaged over an entire sort-merge would not
be unusual.

~ In matrix operations, startup delays oc-
cur as in sorts. For large problems additional
inefficiencies may exist in that manipulations are
too complex to be handled with real efficiency
on the number of tape units available, or it
may not be appropriate to adjust the balance
between compute time and tape time to use the
CP at full efficiency. Again, 30% or more lost
time is not unusual.

When effective processor utilization is
considered as averaged over entire workloads,
the situation looks considerably worse. As re-
marked in Section 1.3 above, during the past
we have learned of careful timing results show-
ing that indicated net operational time of cen-
tral processors lower than 30% of total “pro-
ductive” time was not unusual; net CP time was
less than 50% in all of the test results we have
~ seen. '

Use of random-block-addressable mass
memory instead of tape, and addition of large-

[

capacity Slow Core memory, can lessen those
difficulties associated with the serial-access
nature of magnetic tape.

If system net CP time of 30% can be
raised to, say 75%, by multiprogramming at an
added system time cost of no more than 15%
of total processor time, system throughput for
a given processor speed can be doubled.

Of course this improvement in duty
factor of the CP does not come free of dollar
cost. The most obvious additional hardware
cost is for more memory; in the past large
programs tended to be planned around the
size of usable main memory space, and pro-
grams that leave little available memory space
for other programs will vitiate a multiprogram-
ming system.

There are several conflicting factors at
work affecting the memory size that is optimal
for a given system in its workload environ-
ment:

a) Several techniques discussed in this
paper increase the effectiveness of main
memory utilization in a system.

b) The growing power of mass memory
facilities ; their effective use instead of
tape for system service funetions not to
be kept in main memory; and the fact
that multiprogramming permits reload-
ing of service routines to be overlapped
effectively with other work, now permit
some functions that have typically been

 retained in “hard core”* to be brought
in as required from mass memory.

¢) The increasingly complex nature of ex-
ecutive systems and the many addi-
tional buffer spaces needed for I/0 in
all-devices-on-line systems are now, de-
spite factors a) and b), inexorably
driving upward the amount of memory
space needed for executive functions.

d) The increasing use of mathematical and
data processing techniques that use
(very effectively) large memory space,
and the solution of more and more
complex (i.e., large) problems, are
tending to increase the memory space
demands of important programs.

* Memory space permanently assigned to executive
functions. .
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e) Multiprogramming systems, in order
to perform effectively their task of im-
proving processor utilization, need con-
current access to many cohabiting jobs
in main memory.

f) The cost of high-performance memory
is decreasing relative to the cost of
processors and other parts of large sys-
tems. '

Factors a) and b) tend to reduce main
memory space demands; factors ¢), d), e), and
f) tend to make larger main memories desirable
and practicable. We feel that the net result of
these several factors will be substantial increase
in the typical size of memory in large multi-
programmed systems, whether single or mul-
tiple processors are used. While this will in-
crease the total typical cost per system, the
net effect will be to decrease the unit cost of
computation.

So much for the motivation for multi-
programming; it is largely economic in nature,
as what significant considerations in heavy-
computing-machinery operations are not?
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Figure 1

Let us now examine some aspects of
multiprogramming operation of a system.

Figure 1 shows a memory map of an
elementary multiprogramming system shortly
after startup. Initial core loads for the first
4 jobs have been loaded and Job 2 is active;
i.e., the processor is at the instant of the picture
executing Job 2.

As in conventional one-job-at-a-time
processing, the processor spends some of its
time as needed in the executive program that
provides for system control and job sequencing.

When Job 2 encounters its first delay, or
when another consideration such as priority
causes another job to get precedence, the proc-
essor switches to a job selected by the executive.

A frequently-used signal for the proces-
sor to check job segment sequence is the initia-
tion of any input/output order.

Figure 2 shows five subsequent memory
maps of this system as some jobs complete,
others come in, and some get moved as needed
to coalesce space for a waiting job. Concern
with the time-cost of the moving process has
given rise to considerable interest in hardware
means for making the moving unnecessary.

We are convinced that there are two
serious concerns associated with program and
data moving at job-load time in high-powered
multiprogramming systems:

a) Program modification required pref-
atory to the actual move can be un-
acceptably time consuming.

b) In general, programmed relocation of
significant areas of memory content in
a multiprogramming systém requires
that all currently active and outstand-
ing input/output orders be permitted
to terminate. In a large system this
can be a prohibitive requirement, again
because of the large potential time loss
associated with each relocation.

In machines of modern type in the mil-
lion-instructions-per-second range, the moving
of memory contents does not appear to be a
significantly costly process. As an example, let
us consider the time to perform a typical move
of memory contents, assuming no special hard-
ware for relocation. _

Assume main fast memory is 131K
words; half of all jobs entering the system
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Figure 2

cause moving of one fourth the contents of
main memory; the time to move one word
(memory read-write under some kind of repeat
control) averages 1.8 microseconds. Then the
moving time per job is:

0.131 X 108 words X 0.5 X 0.25 X 1.8 X 10—

M_ = 0.029 second.
word

With these assumptions, which we feel
are conservative, average total job time would
have to go down to 3 seconds before moving
time consumed 1% of machine time. Under
such circumstances we do not foresee an imme-
diate justifiability for hardware for removing
the need to move the contents of memory.

For some advanced applications, how-
ever, in “computational colloquy” operation, as

mentioned in Section 1.5 above, and as an Ad-
vanced System approaches full-scale expansion
with four procegsors, we conclude that it will
be necessary to ‘provide for reasonably efficient
execution of job segments as short as 1 milli-
second.

Paging hardware (not in the basic 213),
in addition to drastically reducing moving time,
provides a convenient way to apply hardware
memory protection to scattered areas of mem-
ory by association with particular users in
several different ways. Some kind of applica-
tions inherently require greater inter-job se-
curity than is required in a typical closed- or
open-shop job-oriented facility or even in a
time-sharing system; in such cases, redundancy
of protection (in addition to that supplied
through job area assignment by the Executive)
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is mandatory. Paging can provide such re-
dundant protection, establishing positive hard-
ware identification of small memory blocks with
particular jobs or even with particular users.

~For use in the circumstances described
in the preceding paragraph, we have concluded
that “paging” or “block symbolic” addressing
capability should be planned as a standard hard-
ware option for the Advanced System and per-
haps as a special hardware modification of the
213, but it will not be used by the software
presently under construction. The paging hard-
ware plans will be described in Section 7.

For the basic 213 and Advanced System
we have defined Implicit Base and Limit Regis-
ter Selection hardware that permits dynamic
relocation to be performed without interference
with currently-active input/output orders. This
hardware and its application will be described
in Section 3.6.

An ingenious method of displaying the
dynamic memory map of a time-sharing system
in actual operation, showing information that
would be of value in monitoring a multipro-
gramming system, was used by H. A, Kinslow*!
in his oral presentation. This display repre-
sented the contents of each logical block of
memory addresses (in Kinslow’s case, 256
words .per block) as a character position in
a line of print, with each of several classes of
activity indicated by the identity of the char-
acter representing that memory block at that
instant; e.g., X for program now in Execution,
+ for program moving from disc to core, —
for program in core, not being executed, (blank)
for core space available, *+ for program going to
drum, — for program going to disc, S for core
space assigned but not yet filled. Each line also
carried other coded information about system
status at that instant of time.

By use of the Kinslow-Johnson dynamic
memory map, the kind of information that was
shown in Fig. 2 merely as an abstraction can
be displayed for a running system on a live
workload. .

A cautionary remark must be made here
about the extent to which multiprogramming
can provide calking, as it were, for chinks in
system workload. A suitable supply of sub-
dividable tasks must, in fact, exist in order to
be handled in this way.

Some classes of engineering calculations,

notably ‘“nuclear design codes,” traditionally
have taxed the capacities of the most powerful
machines available. These programs have been
planned to use available hardware to the utmost,
although this utmost, as mentioned in 1.3, may
be constrained to half-time usage of central
processor time. Such users may have only
incidental amounts of small-problem workload.

For this type workload, three avenues
to greater system throughput seem to be open:

1. Better system balance, with use of
faster mass memory devices, can make
possible higher internal efficiency of the
large programs running alone.

2. Versions of each of several of the larg-
est programs might be produced that
would operate with less than full-
machine facilities, and that complement, -
to a significant extent, each other’s
limiting demands upon the total system;
two or more such programs, not related
to each other, could then be run concur-
rently in a multiprogramming-multi-
processing environment.

3. For a multiprocessor system, some large
tasks will justify efforts to apply more
than one processor in some parts of
large programs, i.e., to solve the single-
task multiprocessing problem.

2.2 The Anonymous-Processor-Pool Concept

In this type of system, a generalization
of the single-processor system, any number of
fully independent processors up to a design
limit can operate within a single, jointly-ad-
dressable memory.

Each processor may assume the execu-
tive function, and must do so in order to obtain
system service, to write in memory areas re-
served for executive purposes, or to obtain re-
served information. Thus, each processor must
be able to operate in two somewhat different
modes, which we call executive mode (E) and
job mode (J).*

An important executive function is that
of sequencing or determining what computa-
tion job or job segment is to be performed next,

* A third mode, Common Routine (CR), will be
described later.
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following a change such as completion of one
job.

In this system all input/output is ini-
tiated by an E processor. Any I/0 request
from a program in operational status is used
as a signal that the basic sequencing algorithm
is to be executed.

Processors enter and leave E mode fre-
quently; hence, little time can be used in ex-
ecuting the standard interrupt procedure. A
processor in requesting executive service always
makes itself available to be assigned to it; like-
wise, in assigning a job, the processor perform-
ing the assignment subsequently becomes the
one most available for assignment. Transfers
of control to and from the executive program
are always carried out by the processor making
the request; thus, some transient status in-
formation can be, and in fact is, passed back
and forth in a processor’s own registers. For
security purposes as well as for operational effi-
ciency, status information on all programs cur-
rently in the system is maintained in lists in
the executive area of memory, and complete
information on each job is carried in lists in
that job’s assigned memory area. In J mode,
a processor cannot initiate input/output and has
read and write access only to the memory areas
assigned to the particular job on which the
processor is currently working. ’

Figure 4 illustrates the basic operating
situation in main memory with only one active

assigned job for each processor, i.e., without
multiprogramming. Local job functions are
performed by Processor A for its currently as-
signed job, which is Job 2, and by Processor B,
for Job 1. L

In general more than one, and in the
extreme all, processors can operate within the
executive program at the same time, although
some critical executive functions such as se-
quencing must be performed by only one proc-
essor at a time.

Thus, in Fig. 4 it is possible that the
physical processor that had been performing
Job 2, upon exiting from E mode, may become
from the executive program’s point of view
Processor B and be assigned to (that is, assign
itself to) Job 1, provided Processor B has mean-
while been assigned an Executive function.
Thus, the processors themselves are truly
anonymous, assuming identities only for execu-
tive job assignment purposes and retaining
them only until returning to E mode.

Figure 5 is a generalization of Fig. 4 to
include more than one job per processor, i.e.,

131K —

PROCESSOR_ A

JoB 2 /

JOB 1 V
/ // .

EXEC- Vavs
utive | 77
PROGRAM | /

ELEMENTARY MULTIPROCESSING
(WITHOUT MULTIPROGRAMMING)

Figure 4
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multiprogramming. At the instant portrayed,
Processor A is in J mode executing Job 13,
while Processor B is in E mode, performing
an executive function. With two sizeable re-
leased areas of memory, the system will pre-
sumably load at least one more job (perhaps
moving Job 11 to coalesce the available space
if necessary) if a job in the input tanking area
(in this system, on drum) has been found by
the Executive to need little enough memory
space and otherwise to qualify for active status
at this time.

For clarity, this map of physical memory
addresses has been drawn for a traditional-type
main memory system without paging. In a
memory control scheme having hardware pag-
ing capability, as described Section 7, available
space as well as assigned single job areas are
scattered thropghout the (physical or actual)
memory addresses in sections most of which are
one page in size. Logical address allocations,
as they appear to processors, more closely re-
semble the simple map shown in Fig. 5.

2.8 Planning Considerations for Memory Con-
trol Hardware

In the 218, which was intended from the
outset to be applied in a multiprogramming-
multiprocessing environment, several new hard-
ware requirements had to be met. Some of
these (a-f below) were evidently mandatory if
good efficiency was to be achieved, and were
included in the basic 213 System. Others (g
and h), while they appeared to be realistic for
typical Advanced System applications, were
considered to be required only in specialized
installations of the 213; hence, g and h are
not in the basic 213 hardware and are not used
in the basic 213 software.

a) Direct addressing of large memory (by
character in the case of character-
string-manipulation instructions).

b) Processor status information trans-
ferred by hardware.

¢) Positive memory protect for each job
with respect to its currently-assigned
memory area. \

d) Dynamic relocation of programs and
data without significant loss of proc-
essor speed.

e) Automatic access to (Read-Only) Com-
mon Routines (one copy of each) and
to Common Data from any number of
calling programs.

f) Ability to utilize conveniently a hier-
archy of main memories.

g) Memory remapping (paging) with in-
dividual-job number memory protect
assigned to individual “pages” of mem-
ory.

h) Three different modes of memory pro-
tect, each different in behavior with
respect to each processor and individual
memory pages in accordance with each.
processor’s currently-assigned mode
(Executive, Job, Common-Routine).

Our decision has been to specify the
hardware for dynamic-remapping and page-
oriented memory-protect and the manner in
which software will use them in order to assure
the upward-compatible growth potential of the
218 hardware and software, but to make these
memory control features optional pending de-
tailed hardware monitor studies of operational
213’s in customer environments. The proposed
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paging hardware, and its use, are discussed in
Section 7. .
One concern, hitherto unmentioned in
the present paper, has seemed to us from the
outset of the 213 system planning work to be a
serious one: There has been growing evidence
of the potentially high value-to-cost ratio of
slow ferrite core memory in large capacities
(hundreds of thousands of words), and hence
of its potentially great importance in high-
powered machines. This has brought us to the
conclusion that positive control should be pro-
vided over access to a hierarchy of main
(directly-addressable) memories, in flexible and
convenient, preferably automatic, fashion.

By “automatic,” we mean the following:

A particular information area, once designated
to the Executive System by a user as being
suitable (most likely because of low frequency
of access) for assignment to what we will call
“Slow Core,” should have symbolic addresses so
assigned by the Executive. It should be ac-
cessible, thenceforth, by a program merely
through use of appropriate locally relative-to-
zero address references initiated by the as-
signed processor. It should not require that
special control information (such as a bit in
the instruction or in the address) be supplied
by the program to designate the reference as
being made to Slow Core. Although all Slow
Core assignment to a given job may be re-
stricted to a continuous string of physical ad-
dresses, this string should be assignable un-
related to Fast Core assignment to the same
job.

It will be explained in Section 3.6 how

this is accomplished by means of Implicit Selec-
tion of Base and Limit Registers.

3. BASIC 213 HARDWARE EXTENSIONS
BEYOND THE 212

3.1 Large Memory Addressing (Fig. 6)

The basic address field length in the
213 and in the Advanced System is 24 bits.
We shall refer to this field as bits numbered 0
through 23 although the actual location of
the 24-bit string may be in Bits 24-47 of a
computer word. Bits 0-20 specify word num-
ber over an absolute range of zero through
2, 097, 151.

Only the word address is relevant for
full-word-operand-manipulation instructions.

Bit 21, the upper bit of the character
field, is relevant for some half-word-referenc-
ing instructions such as jumps and compound
instructions that use (variable-length) arrays
of half-words to contain jump vectors for
many-way branching functions.

Bits 21-23 specify, for character-string-
manipulation instructions only, character num-
ber within a word. For the initial 213 machines
only 6-bit characters are handled explicity. The
basic 210-211-212-213 64-character alphabet*

ABCDEFGHIJKLMNOPQRSTUVWXYZ
1234567890-+—*/=.,$ () ’blank
><#&%|_1 ] = ;: mull”@end's

* The subset consisting of the first 48 characters
listed above (“A” through “blank”) are identical, both
in graphics and in coded representation, with the
SHARE 709-7090 alphabet.

s— Any 2 Successive Half Words ~\
Field Lengths L ] 3 21 3
Descriptions N " 1] Spare Comiand Word Address. | Char. Addr,
Bit Numbers 03 k 5.1 & %_3 la_h L S ) L7

L2 XN @ T 0 "% |2 23
N = Index Register Selection j]
I = Indirect Address Control b5
21

F = Low Order Bit in Jdmps to Half Word Commands

FULL-WORD INSTRUCTION FORMAT

Figure 6
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i Vo K |1
100 | FF L\ ACK
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1mo | so 1 ESC
-
nn | s 0 | - DEL

4 Bit Subset

American Standard Code for Information Interchange

Figure 7

is capable of representing explicitly all cur-
rently active procedural compiler source lan-
guages [including FORTRAN 1V, NPL, CO-
- BOL, and ALGOL (with shifting instead of
separate - lower-case letters)], and also the
information-content subset of the 8-bit ASCII

character code,’® Fig. 7. For these characters

and in instructions that manipulate them, word
content is 8 characters per word and Bits 21-
23 represent an octal number 0-7.

In the future, as other characters of the
ASCII set become defined and as explicit han-
dling within general-purpose machines of the
full 8-bit-specified character set becomes neces-
sary, as already implemented within modern
communication-processors such as the large-
scale Philco 170 AUTODIN computer, an
8-bit-character-set-handling instruction group

will be defined and added to the 213; it is now

planned to be included in the initial Advanced
Systems. For the alphabet of 8-bit characters

stored 6 to a word, Bits 21-23 will represent a

base-6 number; and control counters used by

the 8-bit-character-string-manipulation instrue-

tions will carry from Bit 21 into Bit 20 on

count of 6, rather than on count of 8 as in the

6-bit present 213 instructions.

Consideration is also being given to in-
cluding as an option in the 213, and as stand-
ard in the Advanced System, a set of 4-bit
(binary-coded decimal) character string ma-
nipulation commands, primarily to meet the
needs of very-large-scale commerical applica-
tions. The ASCII 4-bit subset is the one con-
sidered. ,

Each of the 8 index registers in the 213
(each of the 15 in the Advanced System)*
contains 24 numeric bits numbered 0-23. For
word-oriented instructions, only Bits 0-20 are
relevant. There are also two control bits des-
ignated C and Y. As in the 210 and 211, a
“one” value of the C bit causes designated index
register contents to be counted (increased by
one word after each reference to it) when C
is set to 1, and to remain unchanged when C
is zero. As in the 212, the C and Y bits taken
together provide decrementing as well as in-
crementing from the address field. Counting
and incrementing/decrementing operate ac-
cording to this scheme:

C Y Contents of Selected Index Register

" "After Reference to It

0 0 Unchanged _

1 0 Increased by unity in word address
value

0 1 Previous contents plus value of

instruction word-address field
1 1 Previous contents less value of
instruction word-address field

The word-oriented index register stor-

*In the 210, 211, 212, and 213, eight index registers
are selected by a 4-bit field with binary numbers 1000-
1111 inclusive. In the Advanced System, the additional
bit combinations 0001-0111 inclusive will be activated by
the new format half-word instructions and for all full-
word instructions, to designate seven more index regis-
ters, with 0000 designating a pseudo-register containing
the constant zero.
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age and loading instructions of the basic 213
System treat the index register contents of a
24-bit string, with Bits 0-20 representing their
functions as described above; Bit 21 contain-
ing the C bit; Bit 22, the Y bit; and Bit 23,
at present irrelevant. These instructions thus
pack index register contents in computer half-
words, two to a word.

3.2 Character Manipulation Instructions

‘The guiding principle in the choice of
character-oriented hardware macros was that
program functions must be frequently written
and executed to justify inclusion as explicit

hardware. Furthermore, although the hard-
ware macros need not save memory space, they

must save substational processor time if they
are to justify their existence.

* An example of the type of function con-
sidered is the scan of an input character string
for break characters as is commonly performed
in compiler source language analysis. Each
character in sequence is checked to determine
whether it is one of a set that causes action
to be taken; if it is one of these, control transfer
occurs and the scan pauses or terminates.

Using the word-oriented vocabulary of
the 210-211-212, a typical scan involves a pro-
gram sequence of 33 half-words and from 4
to 12 full-word econstants. On the 212, such a
scan requires 400 microseconds for the first
eight characters in a string and 870 micro-
" seconds for each additional eight characters.

As Move-Break is implemented in the
213, a mask in the A and Q registers defines
which of the 64 character configurations are
members of the set of break characters. A
single hardware macro scans (and moves) a
string until a break character is encountered;
a jump is then executed to the address asso-
ciated with the specified break character.
An instruction option, Move-Break-Squeeze,
squeezes out blanks en route.

Total space for using this instruction
(including pre-setting. of registers) is six full
words plus one half-word for each break char-
acter. Total execute time is about 15 micro-
seconds for the first 8 characters plus 2.4
microseconds for each succeeding 8 characters.
For a typical scan of up to 62 characters,
averaging 22 characters, the maximum and

average times are 31 and 22 microseconds,

respectively, as compared with 2.99 and 1.14
malliseconds for the programmed equivalent
sequence on the 212.* The speedup factor for
the average case in this example is 52:1.

In the Advanced System, because of the
facility and economy with which the integrated
circuitry can be used to implement complicated
logie functions, this particular instruction will
lend itself well to parallel instead of serial
processing. Thus, as in the case of other fre-
quently executed commands, the speedup over
the 213 will be greater than the “minimum
10:1.”

Because of rapidly developing interest in
non-numeric data processing, the basic 213
character manipulation instructions, which
constitute the core of the set that will be built
into the Advanced System, will now be de-
scribed more formally.

3.2.1 Format® Character-oriented instructions
that reference character strings do so via index
registers. The conventions are:

X,—specifies the character address in
memory from which the first of a
string of characters is obtained.

X.,—specifies the character address in
memory into which the first of a
string of characters is stored.

Xs;—specifies the (maximum) length of
the character string.

Note that the character count in X, is +posi-
tioned in the low-order character position of
the register. :

Character-oriented instructions that ref-
erence a single character specify the address
in the address. field, with the usual indexing
and indirection options.

3.2.2 Notation' The following notation is intro-
duced to simplify further discussion:

*In order to give those unfamiliar with the 212 a
feeling for its speed on typical tasks, we offer this.
vardstick: The 212 executes about 0.75 million instruc-
tions per second on typical object coding, including
floating arithmetic instructions, compiled from FOR-
TRAN source language.. The fastest 212 operation
we have seen in any program is one sequence of in-
structions executed from memory on operands in reg-
isters, for which the 212’s speed is 1.62 million instruc-
tions executed per second.



112 PROCEEDINGS—SPRING JOINT COMPUTER CONFERENCE, 1964

X,—the content of X, at the start of a
character-oriented instruction (start-

, ing address).

X,—the content of X, at the start of a
character-oriented instruction (receiv-
ing address).

K —the content of X; at the start of a
character-oriented instruction (maxi-
mum string length).

N —the number of characters stored at
the conclusion of a character-oriented
instruction. '

P —the number of space characters (60s)
encountered during a transmission.

rA—register A, whose bits are numbered
0-47 from left to right.

rQ—register Q, whose bits are numbered
0-47 from left to right.

3.2.8 Instruction Catalog'®

MOVE

MVBRK

—a)

b)

c)

—a)

b)

c)

copies a character string
of length K from X, to
X..

if any character in the
string is numeric (0-9),
bit 45 of rQ is set to one;
if any character is alpha-
betic, bit 46 of rQ is set
to one; if any character
is special, bit 47 of rQ is
set to one. Note that this
determination is made as
a character is stored.

the final register contents
are as follows:

X, =X, +K
X2=Xr+K
X3=0

performs the functions
deseribed under a) and
b) for MOVE.

each character leads to
examination of that bit
of rA, rQ corresponding
to the numeric value of
the character. If the bit
is one, transmission
stops; otherwise, the
character is transmitted.
if no one bits are found
in rA, rQ (i.e., no break

c)

MVBRKSQ—a)

FILL

b)

c)

d)

characters are encoun-
tered), the instruction
terminates after K char-
acters have been trans-
mitted. The processor
then performs a jump to
the address specified in
the half-word following
the MVBRK instruction.
The final register con-
tents are the same as c)
under MOVE.

if no one bits are found
rA, rQ (i.e, a break
character is encoun-
tered), the instruction
terminates. The proces-
sor counts the number of
one bits, b, to the left
of the bit on which a
“matech” occurred. The
processor performs a
jump to the address spec-
ified in the (b 4+ 2)nd
half-word following the
MVBRK instruction. The

final register contents
are:
X, =X, +N
X, =X.+N
X;=K-—N

performs all the func-
tions listed under
MVBRK.

all characters equal to
6053 (space) are not
transmitted.

if no break characters
are encountered, the final
register contents are:

X, =X, + K
X, =X, +K—P
X3=0

if a break character is
encountered, the final
register contents are:
X =X+N+P
X2 = Xr + N
Xg=K-—N—P

copies the character in
bits 42-47 of rQ into K
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TCHQR

TCHQL

TQRCH

- TQLCH

COMP

SCANOT

consecutive character lo-
cations starting at X..
b) the final register con-

tents are:
X, = X, (unaltered)
X, =X+ K
X3 == 0

—transfer the character speci-
fied in the address field to
bits 42-47 of rQ.

—transfer the character speci-
fied in the address field to
bits 0-5 of rQ.

—transfer the character in bits
42-47 of rQ to the specified
character address.

—transfer the character in bits
0-5 of rQ to the specified
character address.

—a) alphanumeric - compare
the character strings of
length K starting at X,
and X,.

b) perform jump to the ad-
dress contained at one of
three half-words follow-
ing the COMPA instruc-
tion according to the fol-
lowing :

string X, < string X,
string X, = string X,
string X, > string X,

—a) scan the character field

of length K starting at
X..
Compare each character
with the character at bits
42-47 of rQ. Stop scan-
ning on the first occur-
rence of a failure to
match.

b) if the first M characters
did match, then the final
register contents are:

X=X+ M
X, = X, (unaltered)
X;=K—M

3.3 Processor Status Information Automat-
ically Transferred By Hardware

All reassignments of processors, input-
output requests, and calls on Common Routines
are performed under Executive control. Since
considerable generality is required in control
transfer and in interrupt capability in order
that interrupt response time be short, complete
information on processor status is stored rela-
tive to the base of the program segment from
which a particular processor jumps. If one or
more processors were in a Common Routine
when one or more of them were interrupted,
status information is stored relative to the base
of the original calling program(s). Automat-
ically transferred status information occupies
a string of three words in a fixed position rela-
tive to the base of each program, and includes:

FUNCTION - STATUS BITS -
Control Registers
V field 24
Repeat Mode 1
Repeat Counter 16
Overflow
Inhibit Clear Overfiow
Double Pecision Mode
Processor Number
Processor Mode
(Executive, Common
Routine, Job)
Trap Reasons
Machine Errors
Operand Parity Error 1
Input/Output Parity 1
Error
Indirect Address 1
Parity Error
Store Parity Error 1
Instruction Parity 1
Error
Program Errors
Executive Command 1
(in CR or J Mode)
Address Limit 1
Violation
Command Fault 1
Trapped Instructions
Halt
- Breakpoint Jump
Toggles to D Register
Typewriter to Memory

DO DO B

[ S
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D Register to Typewriter 1

Input/Output - 1
Intentional Trap

Jump to Executive _ 1

- Interval Timer

Time is Up 1
Interrupts

External 1

Executive 1

All other processor registérs are address-
able and are handled under program control.*

3.4 Inter-Processor Control Communication

In order to perform processor assign-
ment, the Executive program must keep cur-
rent in its own active lists information on each
processor’s status at the time of most recent
execution of the assignment algorithm. In
order to permit selective interruption of proces-
sors in consideration of their current status
between points of communication with the
Executive, however, it is necessary that a proc-
essor currently in Executive Mode be able to
query and, if necessary, interrupt all other
processors.

Nine basic inter-processor communica-
tion commands have been specified. The first
seven of these are present in the 213 and are
used by its basic software; the other two relate
- more particularly to the single-task multiproc-
essor problem and are to be included only in
the Advanced System.

It was explained in Section 2.2 how all
processors are anonymous in that any of them
can and does perform Executive functions upon
demand, usually in response to a request issued
by that same processor in a task previously

* At an earlier date, it was planned to include one
pair of hardware macros, SAVE and UNSAVE, for
saving and restoring all index registers and a second
pair, SNAP and UNSNAP, for saving all processor
registers (including ind2x registers). While each of
these macros would have required only a few memory
cycles for execution, subsequent program analysis dis-
closzd that frequency of usage probably would not
justify their inclusion. The SAVE/UNSAVE and
SNAP/UNSNAP instructions have consequently been
deleted from basic machine specifications, will b> made
available only as machine modifications on 213 and Ad-
vanced Systems and, at least initially, will not be used
in standard software.

assigned; and assignments made by a proces-
sor while in Executive Mode typically are car-
ried out by that same processor as soon as it
has changed back to Job or Common Routine
Mode. This anonymity is limited only on one
respect: each processor contains a 2-bit Proc-
essor Number (assigned by manual switch
setting while out of service) so that it can be
identified explicitly in connection with task
assignment. The parameter N in the first three
commands below is this number.

STAY Processor N
RESUME Processor N
TRAP Processor N
ENTER EXEC
ENTER JOB
ENTER COMMON ROUTINE
- RDCLR
TRAP Processor(s) in Mode M  }In Advanced
TRAP Processor(s) not in Mode M{ System only

The commands ENTER EXEC, ENTER
JOB, and ENTER COMMON ROUTINE pro-
vide for automatic transfer of a significant
amount of processor information, as listed in
Section 8.3, to fixed memory areas related to
the base locations of programs being entered
and left, as well as expediting storage and
retrieval of the programmable-access regis-
ters. These commands provide for efficient
control transfer between processors to be per-
formed by the Executive.

The READCLEAR command, applica-
tion of which is discussed in Section 4, is
apparently trivial in function but is profound
in significance. Consisting of a memory-read
subcycle only, it transfers the contents of a
specified memory location to the A Register
and stores zeroes in that memory location,
requiring only the first part of a memory cycle
for total execution. Use of this command pro-
vides for resolution of race conditions when
more than one processor simultaneously at-
tempt to access the same data or program; for
enforcing the convention, necessary in parts
of the Executive Program, that only one proc-
essor can be in a particular program segment
at a time; and for providing information,
through the use of ‘“read-tally” and “write-
indicator” words, to make possible Common
Data access as explained in Section 4.3. This in-
forms any processor that may inquire what
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other activity may be under way in a particular
commonly-accessible data string.

3.5 Basic Single-Segment Dynamic Relocation
and Memory-Protect

In both the 213 and the Advanced Sys-
tem, provision is made for all programs to be
loaded relative to local-address-zero; all mem-
ory accesses by a processor are offset from
System Zero (i.e., physical address zero) by
being added to a relocation register associated
with that processor.

All memory references are checked, in
the course of being issued, by the memory
control hardware in the processor to determine
that they fall between the relocation base and
a limit value (absolute address, not relative to
the base) stored in a limit register also asso-
ciated with that same processor. )

The base and limit registers are auto-
matically loaded under Executive control with
address values designating appropriate mem-
ory areas at the time a processor is assigned to
execute a particular job.

Any attempt to reference addresses out-
side the assigned range for a particular job
causes a trap to the Executive.

Note two nuances of wording in the
third and second paragraphs back: address
references are checked in the course of, not
prior to, being issued; and memory areas, not
area, are assigned to a processor in connection
with a task. v

Checking address references before
issue would slow down the machine; hence,
they are checked while being issued. Read
references may actually complete before an out-
of-range trap is initiated by the hardware;
in that event, the trap will be executed before
the user can use the forbidden information.

Write references do not cause modifica-
tion of memory contents until completion of the
memory-read subcycle; by that time range-
checking has been completed; and the previous
contents of a particular location is written
back into it in the event of an out-of-range
Write trap.

, The fact that several memory areas,
rather than merely a single string of memory
locations, can be assigned to a processor along
with a job to be executed, will be explained in
the next section. Briefly, it is because several

base-limit register pairs exist in each processor
and can be assigned separately by the Execu-
tive. .

Dynamic memory allocation is per-
formed as follows: If a memory area assigned
to a processor for a job is to be changed, the
Executive loads into the appropriate base and
limit registers new address data commen-
surate with the new assignment. Subsequent
accesses ‘are relocated and checked in accord-
ance with the new assignment.

All input/output, as well as Common
Routine calls, are performed via the Executive.

3.6 Multiple-Segment Dynamic Relocation and
Memory-Protect by Implicitly Selected
Base and Limit Registers!?

There are several purposes for which
it is desirable to have a multiplicity of reloca-
tion (address base) and address-range-limiting
registers, as opposed to single relocation. and
range registers, in each processor. These in-
clude facility for:

a) Partitioning of a single program into
non-contiguous areas of memory.

b) Designation that certain infrequently
referenced arrays may be stored in
“slow” main memory when a hier-
archy of directly-addressable memory
exists.

c) Access to Common Routines (a single
copy of), which may be executed con-
currently by more than one program,
and/or simultaneously by more than
one processor.

d) Common Data access by multiple pro-
grams to an arbitrary number of sep-
arate tables, with no restriction on
simultaneous read-access (by several
processors) unless one processor is
writing into a particular table, in which
case all others must be automatically
prevented from either writing into or

- reading that table only.

e) Ability to handle the single task multi-

processor problem.

To this end, each 213 processor contains
two base registers (designated B,, B;) and two
associated limit registers (designated as L,
L) ; the basic Advanced System will have eight
each B and L registers. The programmer, how-
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ever, has no need to know of the existence of
these registers nor can he address or alter
them. -

The base and limit register operation
may be defined formally: let b; and 1; designate
the contents of B; and L, respectively, and S,,
an address. Define the sequence of addresses S;
by '

Si=81 —li+4+b,i=12...,n

with ‘
So =A + bO’

where A is an effective address.* At each
stage, compare S; with L. If S; < 1, then a
legitimate memory request exists for physical
location S;. Otherwise, form S;,; and repeat the
process. Either S; < 1;, for some i, or a request
has been made outside the jurisdiction of this
program.

The effect of the Implicitly Selected Base
Register hardware is to permit execution, dy-
namic relocation, memory protect, Common
Routine calls, and Common Data access, as
though every job (program and data, both
shared with other jobs as well as private)
had been loaded into a single, continuously-

addressed string of memory locations, ad- .

dressed via a single relocation register and pro-
tected by a single range register. In fact, the
memory allocation may be split into two sepa-
rated strings in the 213 and into up to eight,
in the Advanced System. Allocation by the
Executive will take into account that:

a) Several scattered strings of locations
may be available, which together are
sufficient for this job on this run.
(Moving will not occur unless an ade-
quate total allocation cannot be patched
together by the Executive for the job
that the sequencing algorithm has
scheduled next.)

b) Some of the space requirements (e.g.,
program, scratch, live data) call for
Slow Core memory. The Executive will
assign strings of fast and slow memory
as specified by run control information.

c) Some references will be to Common
Routine or to Common File areas; for

* An effective address is the result of indexing and/or
indirect addressing, if used; if not, the effective address
is the instruction address field.

a processor in Job Mode, such refer-
ences should be Read-Only protected,
although a processor in Executive Mode
should be able to write into those areas.

The time penalty paid for the automatic-
by-hardware selection of base and limit regis-
ters is surprisingly small: In the 218, no delay
occurs if a reference is via B,, L, because
multiple-input address arithmetic hardware
handles the entire sequence during normal in-
dexing. If the second pair of registers is se-
lected, effective instruction execute time, on the
average, increases about 80 nanoseconds. In
the Advanced System these delays will be more
nearly completely covered in address preproc-
essing, and the maximum delay, for the eighth
pair of registers, will be less than 15 nano-
seconds.

To illustrate the manner in which the
registers operate, let us consider a program
(that, of course, is compiled relative to zero
and) is loaded into memory.

PHYSICAL MEMORY COMPILED
ADDRESS ADDRESS
1000 0

[ ] [ ]

[ ] [ ]

L [ ]
1999 999
5000 1000

L] L )

[ ) [

° L
5499 1499

SPLIT RANGE PROGRAM EXAMPLE
Figure 8

Figure 8 represents a program requiring a
total of 1500 words of memory that has been
loaded, at the convenience of the Executive’s
memory allocator, into distinect, non-contiguous
areas: physical locations 1000-1999 and 5000-
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5499. Note that the program contains legiti-
mate references to locations 0-1499.

Before entering the program, the Execu-
tive sets the base and limit registers as follows:

B, = 1000 Ly = 2000
B, = 5000 L, = 5500

When the program references location 1200,
the computer forms

So = 1200 4+ (B,y) = 1200 4 1000 = 2200

and compares with (L,) = 2000. Since Sy >
2000, the computer forms

Sl - SO"‘ (Lo) + (B1) ==
2200 — 2000 4 5000 = 5200 -

and compares with (L;) = 5500. Since S; < L;,
a legitimate memory request exists for physical
location 5200.

In the basic 213 the following restriction
exists: I/0 buffer cannot be split between the
two non-contiguous regions B,, L, and B;, L.
A later version of the machine, and the Ad-
vanced System, will provide facilities in the
I/0 control hardware for handling split buffers.
Since large buffers will usually be assigned
(entirely) in Slow Core, we do not feel that
this restriction is a serious one.

4. COMMON-ACCESS PROBLEMS AND A
PROPOSED SOLUTION

4.1 Common Routines

4.1.1 Introduction. We shall discuss in this
Section, and present our first version of a hard-
ware-software answer to, a multiprogramming
problem that we believe will assume crucial
importance as systems get more powerful and
with increase in the number of users—especially
computational-colloquy -by-time-sharing users
—concurrently active in a general-purpose
facility.
' Comm Routines as here described
have also been called Pure Procedures,'! Com-
- mon Procedures,” Re-Entrant Routines,’* Sin-
gle-Copy Routines,’® and various less-polite
names.

The objective is that subroutines, to
arbitrary nesting depth, and large routines
such as compilers and executive routines that
are called upon to perform service for many
users, should be accessible to any number of

calling routines in memory, whether or not they
are currently being executed by other proces-
sors in a multiprocessing system. Execution of
a Common Routine may be’ interrupted before
normal exit, and the calling program may re-
quest proper continuation of the calculation
even though both calling program and Common
Routine may have moved meanwhile.

We accept as a present restriction the
requirement that subroutine nests must always
be retraced in the reverse order in which they
were called, although entry may be made at
any level in the nest.

Figure 9 shows a much-oversimplified
linkage path from two routines through a
three-level subroutine nest. The subroutines
are shown fixed in location, while each of the
two calling programs moves from time to time.
Program B accesses Subroutine 3 through Sub-
routine 2; Program A accesses Subroutine 3
through both Subroutine 1 and Subroutine 2,
in that order. }

If the linkages are spread out in time,
they might occur as shown in numerical se-
quence. The link 1-2 from Program B in its
Location 1 to Subroutine 2 and return is shown
dotted to denote that B’s execution of SR2 was
interrupted before completion.

4.1.2 Common Routine Access.'® Common Rou-
tines may be executed simultaneously by more
than one processor. Such routines:

a) Cannot alter themselves or be altered
by calling programs; i.e., must be in a
memory area that is protected as Read-
Only (except by the Executive).

b) Must have access to parameters, ar- .
rays, and scratch areas within the
memory areas assigned to each calling
routine.

¢) Must be compiled relative to zero.

d) Require base and limit registers to be
set before entrance.

The design considerations of the 218 and
the Advanced System satisfy the above require-
ments of Common Routines. Condition ¢) is
trivial, since all 213 programs are normally
compiled relative to zero. Condition a) must
be satisfied by the programmer; however, cer-
tain processor hardware (discussed below) de-
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tects and protects against attempts to write
into Common Routines.

Conditions b) and d) require elabora-
tion, since they lead to another kind of utiliza-
tion of base registers. We shall assume that
a subrountine is called by a jump instruction
followed by a list of parameters consisting of
the addresses of variables and arrays.* In the
case of a call on a Common Routine, the jump
will be directed to the Executive System. The
Executive will then perform the following
changes in the contents of the base registers
(notation as in Section 3.6) :
' by - B;
1, =1y

Start of Common Routine - B,
Upper limit of Common Routine - L,

* This is consistent with the form used in Philco
FORTRAN 1V.

Further, a processor is set to Common Routine
Mode, denoting that memory references rela-
tive to B, are “Read-Only,” providing the extra
protection promised in the discussion of condi-
tion (a) above.

The Executive now enters the Common
Routine and supplies it with the address of the
first parameter (relative to the base of the
calling program). The Common Routine may
now reference itself (via B,, in “Read-Only”
mode) and may reference any parameters and
arrays in the calling routine.** To reference
location X in the calling routine, the Common
Routine simply refers to its own upper limit

+X.

** The reader will have noted that the Common Rou-
tine cannot reference any portion of memory specified
by (B, L:) in the 213 ({B:, L;) in the Advanced System)
prior to the subroutine call.
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Note that this scheme permits nesting of
Common Routines. For this case, the Execu-
tive at the time of each call alters B, and L, to
contain the starting and ending addresses of the
nested subroutine. Further, the Executive
makes space provision in the calling program
for the required parameter tables to be used
and generated by the Common Subroutines, as
well as scratch areas, at all levels of nesting.

4.2 Exclusive-Occupanéy Routines??

To complete our discussion of routine
access control, let us consider the antithesis of
the Common Routine: the routine that cannot
be allowed to be executed simultaneously by
more than one processor, or even concurrently
by more than one program. We shall deseribe
a scheme by which any program can determine
whether another program has entered an Ex-
clusive-Occupancy Routine and either is still in
it or has been interrupted and has hence exited
prior to normal completion.

The RDCLR (Read/Clear) instruction
was introduced to provide a means by which
race conditions involving subroutines and Com-
mon Data can be avoided. This instruetion
transfers the contents of a specified memory
location to register A and stores zeros in that
memory location. It consists merely of a mem-
ory-read subcycle.

RDCLR can also be used to protect
Exclusive-Occupancy Routines. Consider a
subroutine in the Executive that must not be
executed by more than one caller at a time.
By convention, the first word of the subroutine
is used as an “entry word.” Before entering
the subroutine, any program must check the
entry word by issuing a RDCLR. If the con-
tent of register A is then non-zero, entry is
permissible; further, all other programs are
now alerted to avoid entry since the entry word
is zero. The convention for normal exit from
the subroutine must include as a final gesture
the setting to non-zero of the entry word.

4.3 Common Data Access!®

It is desirable for an arbitrary number
of calling programs to have access to a com-
monly-available memory area while each pro-
gram is located in its own job area. Further,
if one program is altering a table in Common
Data, it should be possible to lock out access

to that particular table by all other programs.

Access to Common Data is provided
through use of the base registers. By, L, are
used to reference the program proper; the
pair By, L, are assigned to the Common Data
area.

The RDCLR instruction (defined in 4.2
above), in conjunction with a ‘“write-indicator”
and a “read-tally” word is used to provide for
protected reading and updating of Common
Data tables. A zero write-indicator word con-
notes that some program is currently altering
a table entry or is altering the read-tally word;
a non-zero read-tally word connotes that one
or more programs are accessing for “Read-
Only” purposes. A program desiring access
to alter the table must ensure that the write-
indicator word is non-zero and the read-tally
word is zero. A program desiring to read the
table must perform the following in the indi-
cated sequence: ensure that the write-indicator
word is currently non-zero and force its con-
tent to be zero (all by a RDCLR instruction) ;
increase the tally in the read-tally word by
unity; reset the write-indicator word to non-
zero ; decrement the tally in the read-tally word
by unity when no further access to the table
is desired.

The method outlined above permits an
arbitrary number of programs to read a Com-
mon Data table and provides a tally of the
number of such programs currently reading
the table. A program desiring to alter the
table first prevents access by any additional pro-
grams and then alters the table only after en-
suring that all programs have relinquished
access to the table.

5. JOB SEGMENT SEQUENCING

Lavine ® discussed dynamic rescheduling
by macro-segmentation; i.e., the treatment of
input processing as one segment, execution (in-
cluding scratch I/0) as a second segment, and
output preparation as a third segment, opti-
mum sequence of all such job segments to be
determined by a set of algorithms. Input read-
ing from cards (not processing) would occur
whenever any unread cards were in any reader,
unless halted by exhaustion of available input
tanking space on drum. Sequencing considered
quantitative factors including time since sub-
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mission, estimated execute time, estimated
printing volume, priority rating, and time of
day. The sequence determination also consid-
ered such imperative factors as number of tape
units needed and available and amount of drum
space assignable for I/O tanking, and the op-
tional factor of which form is on which printer
at which time.

He pointed out that the nature of the
sequencing algorithm needed was heavily de-
pendent upon user installation management
policies, and suggested that a manufacturer
should supply a simple, fast one that is easily
modified as required.

The multiprogramming task as discussed
in the present paper may be seen to be a
generalization of the dynamic rescheduling
concept discussed by Lavine. We feel that all
of his observations are valid and that the se-
quencing considerations he outlined must be
taken into account in a realistic multiprogram-
ming system planned for general application
in a job-shop environment.

6. MULTIPLE-PROCESSOR ASSIGNMENT

The three levels in assignment of mul-
tiple processors will be listed in ascending order
of difficulty.

a) Independent Tasks
The basic sequencing algorithm is in-
sensitive to whether there is more than
one processor in the system; hence, the
handling of independent tasks changes
little as the system configuration
changes. Truly independent jobs are
merely stacked and sequenced.

b) Interdependent Tasks
Some jobs depend upon prior comple-
tion of others for input data. In these
cases the required prior run(s) are
specified to the executive system by
control card, and the executive checks
for their completion and for the on-line
availability of earlier results before per-
mitting the follow-on run.

¢) Single Task
We have looked at several aspects of
the problem having several processors
work simultaneously on a single task,
and feel intuitively that this must be
planned in detail by a user who under-

stands a particular application. For
this reason we are supplying some
basic tools for the use of application
programmers, but feel that the serious
problems of single-task multiprocessing
are theirs. Three types of problems,
two of which are similar in nature, ap-
pear to be clearly practicable for single-
task multiprocessing :

1. In relaxation schemes for manipu-
lation of large matrices, mesh
sweeps can be started by two proc-
essors at opposite boundaries and
can proceed independently toward
the center until two adjoining rows
must be relaxed; the processors then
must check each other at each mesh
point. This amount of inter-proces-
sor communication is relatively triv-
ial.

2. In Monte Carlo calculations, a large
number’ of completely independent
histories of problem elements are
developed. Statistics can be accumu-
lated by any number of processors
working essentially independently,
although final results must be ana-
lyzed (presumably by one proces-
sor).

3. We have seen a number of examples
of large data processing and data
reduction problems in which indi-
vidual items were essentially inde-
pendent and could be examined in
parallel. As in the case of the ran-
dom-shot technique mentioned in the
previous paragraph, only the final
summing-up of results need be han-

~dled as a one-machine task.

7. MEMORY REMAPPING (PAGING) AND
PAGE PROTECT HARDWARE PLANS

This function was introduced in Sections
2.2 and 2.8 and will be discussed in this section.

Figure 10 shows the relationship be-
tween some of the hardware elements.*

The 24-bit (non-overlapped) addresses
present in all full-word instructions, in all index

* Present tense will be used in this Section for the
sake of brevity; it should be understood that future
tense is implied.



A PHILCO MULTIPROCESSING SYSTEM 121

MEMORY BANK
M
E
M
0
R 10-BIT WORD NUMBER 48-BIT WORDS INTO AND FROM MEMORY
ADDRESS DATA ~—
Y 11-BIT PHYSICAL
MEMORY BLOCK "ACCESS OK"
NUMBER
M g ‘
E N MEMORY | MEMORY
BLOCK
Mo NUMBERs | PROTECT | LoCK COMPARISON | COMPARISON
0 MODE NUMBER CONTROL NETWORK " "
R I BITS 2 BITS il BITS —> TRAP
v © 1l BIT ADDRESS
L
LOGICAL |PAGE NUMBER
2BITS 2 BITS Iu BITS
P
PROCESSOR MEMORY
R MODE PROTECT Mi’ég”
o REGISTER MODE REGISTER
c {E,J, OR CR) REGISTER
E :
s
s
o
R
4
WORD
NUM
UMBER CHARACTER NUMBER JLFIELD CONTROL}%
BITS 0- 10]BITS I1—20[BITS 2i-23 2 BITS
MEMORY MEMORY INSTRUCTION
ADDRESS DATA CLASS
REGISTER REGISTER REGISTER

MEMORY PAGING CONTROL AND PROTECTION

Figure 10

registers, and in all indirect addresses are com-
bined to form an Effective Address in the Mem-
ory Address Register of each processor. This
24.bit field is treated as consisting of three
parts:

Bits 0-10 identify any one of the 2,048
1024-word logical pages of main memory. Bits
11-20 identify the word number in a page.
Bits 21-23 constitute character number within
a word for character-string commands; Bit 21

specifies half-word for jumps and indirect ad-
dress locations; and these bits are irrelevant
in instructions that reference full-word oper-
ands. The three fields are treated in different
ways.

Bits 0-10 select individual 24-bit words
in Control Memory, and may be looked upon as
being one level of indirection (in addition to
indirection that may have been inserted by a
processor) in all full word instructions. Bits
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11-20 are used directly, adjoined to the physi-
cal block number contained in the CM word
selected by Bits 0-10. Bits 21-23 are used to
delineate character string boundaries.

Individual memory banks (32K in main
memory or 262K in bulk memory) receive ad-
dress information through Memory Control in
two fields, which are adjoined to identify single
words: In both cases the 10-bit Word Number
(within a page) field is transmitted unaltered
from a processor through Memory Control;
each memory bank receives the Physical Block
Number field (bits 6-10 for main memory, Bits
3-10 for bulk memory) from the Page Num-
ber section of Control Memory.

For the Advanced System, thin-film
main memory is organized in word pairs; Bit
20 is consequently adjoined to Bits 21-23 in
selecting the field to be presented to the proces-
sor’s Memory Data Register.

Added to other control signals to the
memory banks, the ‘“Access ok” line signals
that the requested access is acceptable to mem-
ory-protect, and permits the access to take
place.

Memory Control contains, in addition to
switching and race-resolution facilities, the
Control Memory and circuitry for the memory-
protect function.

Control Memory is a 1024-word, 48-bit,
half-word-addressable module using the ‘same
technology as used for Main Fast Memory;
for the 213, this is 1.15 microsecond nominal
cycle time magnetic cores; for the Advanced
System, 250 nanosecond nominal cycle time thin
film. Because of the small size of this unit,
actual operating speeds will be somewhat
higher; it will be shown below that the speed
of Control Memory is not a critical determining
factor in system speed.

As pointed out by B. Arden,? it is
desirable in a remapping (paging) system that
all possible logical addresses exist in the hard-
ware, irrespective of the actual size of physical
memory. In those 213’s that are provided with
paging and in all Advanced Machines, all loca-
tions from 0 to 2,097,151,, will exist as valid log-
ical addresses. The leftmost 11 bits of each logi-
cal address select a “logical page number” in
Control Memory, which contains, in addition to
13 bits of memory-protect information appli-
cable to the associated 1024,,-word block of

physical memory addresses, the 11-bit number
identifying that particular physical block num-
ber as assigned by the Executive.

A typical program being executed oper-
ates for significant periods of time with two
pages of memory being accessed repetitively;
strings of instructions (most of them half-word
in space occupied) are executed in address-
number sequence until a jump occurs, and many
jumps are to other instruction strings within
the same thousand-word page; most instruc-
tions contain one address and reference one
operand location, many successive instances of
which either will be in unbroken sequence or
will be in other locations within the same thou-
sand-word page. Thus, a page number is likely
to be repeated many times in sucecession, so
that most references for either program or
data to Control Memory would be redundant
with the previous reference of the same type.

In order to avoid repetitious translation
of page numbers (i.e., evocation of block num-
bers and of memory-protect data currently ap-
plicable to each), the currently-most-active 16
half-words of Control Memory will be retained
in registers in Memory Control. Reference to
these registers, when appropriate, is auto-
matic,* as follows:

Each Active Page Register is 35 bits in
length, consisting of an 11-bit Logical Page
Number and a 24-bit string containing the con-
tents of a half-word of Control Memory.

Every memory access request to Mem-
ory Control causes all 16 of the 11-bit fields to
be checked simultaneously. An exact match
causes the Control Memory reference to be
bypassed, since the desired paging information
exists in the 24-bit string representing the
desired half-word in Control Memory.

If no match is found, a normal Control
Memory access is performed. The 24-bit string
of information about that page number, in
addition to being applied to the processes of
block selection and memory protect, is then
inserted to replace the previous contents of that
Active Page Register that has been least active
during a fixed previous time period (6 milli-

* We have been unable to determine the author of
this concept; we believe he was a student associated
with one of the university computing centers.
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seconds in the 213, 1 ms in the Advanced Sys-
tem) as determined by simple digital hardware.

Preliminary examination of samples of
compiled coding from various types of pro-
grams has convinced us that, at the thousand-
word page size and with two processors active
in either a 213 or an Advanced System, the
probability of a page number currently stand-
ing in one of the Active Page Registers is be-
tween 0.97 and 0.99; i.e., from 97% to 99% of
page translations will not access Control Mem-
ory.

Control Memory access times (worst
cases will be about 800 nanoseconds in the 213
and 140 nanoseconds in the Advanced System)
will be covered by other logical operations in
about 30% of the instances in the 218, and
about 80% in the Advanced System; Active
Page Register access times (about 90 and 12
nanoseconds for the two systems) will be cov-
ered in about 60% and 80% of the instances
respectively.

Thus, the typical time costs of paging
will be as follows:

213: For perhaps one-fiftieth of the in-
stances, an average of 550 nanosec-
onds; for other instances, an average
of 36 nanoseconds; effective increase
in instruction execution time, about
45 nanoseconds.

Advanced System: For perhaps one-fiftieth
of the instances, 28 nanoseconds; for
others, slightly less than 10 nano-
seconds ; effective instruction time in-
crease, about 10 nanoseconds.

A remark on page size: The dollar cost
of paging hardware and the time cost of its
use both increase rapidly as page size is re-
duced. Smaller page sizes permit memory
assignments by the Executive to be performed
with greater precision (i.e., with less unassign-
able memory within pages) and hence reduce
the probability that a particular job initiation
will require repaging of all active jobs. Our
earlier thinking tended toward 256 words as
the size of a page; development of the Implicit
Base Register Selection mechanization shifted
the optimum page size to 512 words for the 213
and 1024 words for the Advanced System. The
size chosen is, as noted ahove, 1024 words for
both systems.

With regard to the type of Control Mem-
ory, our earlier thinking centered on very fast
nondestructive-read memory, which is pres-
ently designable with about 80 nanosecond
read-access time and about 5 microsecond write
time. The combination of medium-speed Con-
trol Memory plus Active Page Registers is
slightly cheaper and considerably faster at the
present time, and we do not anticipate a rela-
tive change in these factors by the time of
manufacture of the first Advanced Systems;
hence, the latter scheme was chosen.

For the remainder of this Section we
shall, for the sake of brevity, refer to page
number accesses as though all were to Control
Memory; as explained above, while they may
be so considered for program planning pur-
poses, most memory accesses in fact use only
the Active Page Registers.

The second Control Memory field we
shall discuss is Memory Protect Mode, which
contains 2 bits and which is used together with
the 2-bit Processor Mode field and the 2-bit
Instruction Class field to establish the permit-
reject decision prior to checking of the proc-
essor’s numerical key against the memory
page’s numerical lock.

Figure 11 displays the results of appli-
cation of these four items of information. “1”
indicates that the action is permitted if the key
fits; “0” indicates that an error trap will occur
irrespective of key-lock relationship. '

We shall refer to processors in Executive
Mode, Job Mode, and Common Routine Mode

PRSSESESOR Mh(‘)gs READ|WRITE| | /O | JUMP
0o 00 1 i i |
EXECUTIVE{ 00 ol I | | |
00 10 { | 0 |
ol 00 o o) 0 |
JOB { ol ol | I o f
ol 10 1 o 0 o
10 00 |/ P | |
e Lo o)l ||
1o 10 1 0 0 |

MEMORY PROTECT MODES

Figure 11
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as E processors, J processors, and CR proces-
sors, respectively.

Memory Protect Mode 0 is used only for
the executive program and for data reserved
to it. All actions—Read, Write, 1/0, Jump—
are permitted to E and CR processors; none, to
a J processor.

Memory Protect Mode 1 is used for the

normal job-assigned memory area, for program
and data alike. All actions—Read, Write, 1/0,
Jump—again are permitted to E processors;
Read, Write, Jump, to J processors; Read, 1/0,
Jump, to CR processors.

Memory Protect Mode 2 is used for Com-
mon Routines by E and CR processors, both
of which can Read and Jump to Mode 2 pages;
E processors can Write into them. It is also
used for Common Data by J processors, which,
as explained in Section 4.2, can Write into them
under hardware-controlled protection against
writing into a Common Data area when any
other processor is either Reading or Writing
into that same Common Data area. The latter
(separate) protection scheme is not restricted
to full-page delineation, but may be assigned
under program control to continuous-address
strings of any number of full words for each
Common Data area, within which two words
are required to hold a Read-tally word and a
Write-indicator word. ‘

A Memory Lock Number of 11 bits is
stored in the Control Memory half-word for
each page of memory. A Key Number is placed
in the 11-bit Key Number Register in a proces-
sor each time it embarks on a task, whether in
E, J, or CR Mode, and the same number is as-
signed to all memory pages permitted to be
accessed for that task.

The ability to assign different key num-
bers for various kinds of executive functions
was provided as a debugging aid, primarily for
the circumstance in which more than one proc-
essor is in E Mode at the time of a trap brought
on by a program fault within the Executive
program itself.

In this paging scheme, the actual mov-
ing of information in connection with memory
reallocation or job relocation is replaced by
the process of renumbering memory pages,
which in the 213 takes about 2.1 microseconds
per two pages. This corresponds to a move
speed of about 1000 words per microsecond.

It may be remarked that the page-
renumbering concept in memory allocation is
analogous to the register-renaming process
used within many of the algorithms in the 212
and the 218 to save the time that would other-
wise be required to move data from register
to register.

The paging concept described here is a
particularization of the Adjoint Addressing
scheme proposed by Cheydleur.'”

8. CONTROL OF INPUT/OUTPUT
DEVICES BY CENTRAL VS.
AUXILIARY PROCESSORS

Several factors affect the decision as to
the kind of processors to be used for I/0 device
control.

At the present time, both total economy
and modularity favor the use of one or more
auxiliary processors. This assertion requires
defense, since a first look would lead one to the
reverse conclusion in each case.

As for economy, the auxiliary processor
makes excellent use of automatically-assigned
buffer memory that is no faster than it needs
to be, and is consequently economical. If the
processor itself, which is a very-low-cost part
of the system, were omitted, most of the I/0
cost would remain: passive switches, unit-rec-
ord buffers, and the I/O devices themselves.
Economy is affected by the speed with which
the devices can be operated. As an indication
of observed performance in this area, consider
the operation of the type 101 Processor when
used with our RINGMASTE R (multipro-
grammed) program to control the flow of data
between magnetic tape and an arbitrary (limited
by memory size because of buffer space require-
ments, but not less than eight for a 32,768-
character-memory single processor) number of
1/0 devices. When operating with one 600 cards-
per-minute reader, one 200-cards-per-minute
punch, and two 900-lines-per-minute printers,
the printers operate at 96% of rated speed.
Initiation of a third printer function does not
interrupt other operations, and each of the
three printers operates at about 94% of rated
speed. We have concluded that economy alone
does not justify elimination of the auxiliary
processor.

As for modularity, the auxiliary proces-
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sor takes its output data from, and sends input
data to, the mass memory (jointly-accessible
drum), and receives its assignment to individ-
ual I/0 tasks from the Executive. A change in
the number of I/0O device channels to more
than eight requires addition of another aux-
iliary processor and buffer memory connected
through the existing mass memory controller.
There is no question of a housekeeping load
beginning to affect the speed of the central
processor (s), because all I/0 devices are on-line
with the auxiliary processor(s), and control
communication is required only for few-milli-
second periods at the initiation and termination
of I/0 tasks or in response to error conditions.

For computational - colloquy - by - time -
sharing operation, the above comments are
even more appropriate than for job-oriented
operation. Operation of up to a thousand or
so keyboard consoles, or several hundred such
consoles plus a few dozen high-data-rate CRT-
equipped consoles, requires the full resources
of a reasonably high-powered special-purpose
switching computer. The Type 170, as used
in the 212 Time Sharing System now under
development and as used in the second phase
of the AUTODIN project, provides such power
at a fraction of the cost of similar tasks per-
formed by a general-purpose processor. As an
example of the kind of power required, consider
that line monitoring and buffer-full checking
alone, for a thousand 10-characters-per-second
channels, would overtax the full-time capabili-
ties of some machines that until recently would
have been considered to be high-powered com-
puters!

Another CCTS consideration is that of
remote-service graceful degradation, discussed
in Section 1.8. As the number of on-line users
goes up, the likelihood grows that it will become
utterly unacceptable to shut everyone down
because of a system hardware fault. Re-
dundancy of processors, main and auxiliary
memories, system switching, and I/0 devices
required for successful support to remote con-
soles, together with appropriate system plan-
ning and executive programming, will permit
remote service to go on, if at reduced-service
level, while hardware is being repaired. A
reduced-scale version of a single station AUTO-
DIN second-phase system would provide the
“foreground” (remote user) assured-continuity

capability for a thousand keyboard remotes.
Even if the system is not made redundant in
central facility as regards foreground users,
isolation (by a separate processor) of remote
users from direct access to the central facility
reduces the amount of central system time that
can be lost because of faults in lines or remote
units.

The need for over-all system graceful
degradation, however, now seems to favor the
use of the central system for control of the on-
line I/0 devices.

For that reason, even though raw sys-
tem economy is not quite as good as with the
special-purpose stored-program I/0 controller,
we intend, for later 213’s and for all Advanced
System installations, to provide the option of
central processor control of all Iocal I/0 de-
vices. Initial 213 installations will use one 101
processor for up to eight I/0 devices, with
additional 101’s as may be required with a
larger number of lccal or remote card/printer
stations.

Remote CCTS consoles, also, could be
controlled by the central processor(s), but our
present plans call for full-time use of one or
two communications switching stored-program
processors, Philco Type 170, for this purpose.
This choice was made as a result of preliminary
calculations indicating that use of central proc-
essor(s) for control of remotes, would add
significant CPU workload if sufficiently-rapid
(100 millisecond) response is to be assured to
an on-line population at the level of 100 con-
currently-active users in a 213 system (400 in
an Advanced System). This question will be
given further study by means of system simu-
lation.

9. COMMENTS ON AN UNSOLVED PROB-
LEM—MEMORY SCAVENGING

Certain basic logical problems, which
must be solved in at least a crude way if we
are to achieve fully automatic job segment
control at a performance level approaching the
optimium, do not yet seem to have been even
discussed constructively, much less solved. As
an example we will mention one simple prob-
lem, that of determining optimum time to re-
lease memory space, that is frequently men-
tioned among sophisticated users but that, to
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the best of our knowledge, has not yet been
seriously worked upon.

' How is the system to determine when
main memory space should be released for
reassignment?

For lack of a rational approach to this
problem, we have been forced to avoid it; hence,
in the present 213 Executive, main memory
space is released only when:

a) Control information has been supplied
by the user that specifies when final
use of specified memory areas has been
made, or

b) A job segment terminates.

Common Routine (with which, in this
section, we include Common Subroutine) capa-
bility, in order to be used effectively, must be
supported by features in the Executive that
provide for automatic loading of Common Rou-
tines when and only when they are needed but
not already in Main Memory and for the auto-
matic release of space occupied by them as soon
as they are no longer needed.

As with any job to be loaded, each job
that may make use of Common Routines must
identify at load time those routines in its control
prescript. The special designator signals that
each routine so designated must be treated dif-

ferently, as outlined below.

The Executive maintains two lists to
identify the two way association between pres-
ently-loaded Common Routines and the pro-
grams that call them.

List A, which is in the Executive area,
consists of two-word items: the first word of
each item is the name of a presently loaded
Common Routine, and the other word is the
current count of calling programs requiring
that routine to be resident in Main Memory.

List B, which is stored in each calling
routine’s area, consists of variable-length items:
each item’s first word is the designation of a
calling program, and subsequent words of the
item identify all Common Routines that it may
require.

Usage of these lists will now be evident:
as each calling program having Common Rou-
tine requirements is scanned for call informa-
tion, its Common Routine requirements are
used to create an item in List B. List A is then

searched to determine whether needed Common
Routines are already loaded. As each required
Common Routine not yet present is loaded, an
item is added to List A: the first word is the
Common Routine’s name, and the second word
contains unity. For each called-for Common
Routine that is already loaded, the second word
of its item on List A is incremented by unity.

As a job segment terminates, its List B

/is scanned and the second words of all entries

of List A corresponding to its Common Routine
requirements are decremented by unity and
checked for zero value. Those found to be zero
are deleted from List A and the space assigned
to each corresponding Common Routine is re-
leased for reassignment.

While the Common Routine loading con-
trol problem as outlined above is relatively
trivial, there is another memory allocation
problem that is not: we must provide for grow-
ing and shrinking memory allocations during
a job. The classic example that demonstrates
this need is sorting with magnetic tape as the
scratch medium. During the Sort phase, high
speed requires large memory allocation; during
the Merge phase, data space requirements are
minimal. Clearly, it is desirable to release much
of the original allocation at the end of the Sort
phase. In the case of the ubiquitous compile-
and-go-user, memory space requirements after
compile may go either up or down, and subse-
quent executions may have data-dependent run-
time space needs. With some restrictions, we
shall meet the growing-shrinking space chal-
lenge.

These restrictions relate to the levels of
source language at which dynamism is per-
mitted in memory allocation and release. Our
present procedural higher-language processors,
for publicly-recognized versions of FORTRAN
and COBOL, are perforce language-limited to
memory allocation that is fixed at load time.
Having developed hardware with facile provi-
sion for dynamic memory allocation, we are at-
tracted by the ALGOL concept of automatic
allocation of memory upon entry to a program
block and automatic release upon exit from a
block. We find unappealing a current trend
toward inclusion in higher-language processors
themselves the direct user-specified control of
memory allocation; we feel that this places a
premium upon attention to hardware considera-
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tions, which is appropriate only at the hard-
ware-oriented language level.

For “job mode” operation as defined in
Section 1.5, release determination based upon
either a) or b), i.e., at user-signified option, is
probably adequate. The job-oriented user can
realistically be expected to pay some attention
to memory space-time strategy, even if he
works in a language that permits some degree
of spiritual detachment from the hardware.

In the computational-colloquy time-shar-
ing (CCTS) mode, however, with continually-
increasing emphasis upon the user goal
(answer to problem) as opposed to our tradi-
tional preoccupation with user means (proce-
dure for problem solving), the user/hardware
detachment becomes quite real. In such an
environment, we should have a more realistic
strategy for scavenging memory space than
our present technique of awaiting its evident
abandonment by the user. We shall continue
to seek such a strategy.

10. SYSTEM GROWTH AND
COMPATIBILITY

10.1 212-213

The 213 logically includes the 212 and
utilizes much of the same hardware technology.
Consequently, some of the 213’s operations
occur at about the same speed as those of the
212, although in some (such as multiplication)
the 213 is at least twice as fast and others,
constituting 213 hardware macro-operations,
are carried out at much higher speeds than the
same macro-operations carried out as pro-
grammed sequences in the 212,

The outstanding differences between
these systems, as to both hardware and soft-
ware, are the increased flexibility and general-
ity of the 213 together with its applicability in
large multiprocessor installations.

The 213 will serve as a live test facility
—alive in that it will be applied to advanced
problems by sophisticated user organizations
as well as by Philco Programming Research &
Development—for development of solutions to
the operational problems outlined in Section 3.

New hardware capabilities will handle
efficiently some economically crucial aspects of
the address-manipulation and program-linkage
problems and will provide significant improve-

ment over earlier machines in such functions
as memory protection. General answers to some
aspects of multiprogramming problems, how-
ever, require further study.

For example, it appears that a com-
pletely unrestricted general solution to the
Common Routine problem, permitting arbitrary
linkages to be established among subroutines,
may require, even in a system with paging
hardware, manipulation of both logical and
physical memory page numbers. Approaches
to-this problem now under study would require
use of either content-addressed or associative
memory of medium speed in the memory alloca-
tion process.

Initial 213 hardware and software fairly
frequently will perform relocation of currently
resident routines when job segments are loaded
or reloaded, accepting relatively minor ineffi-
ciency, and limitations of the extent to which
automatic micro-segmentation will be econom-
ically practicable, for the sake of generality.

10.2 Advancéd System

The Advanced System will contain the
213 and like it, will be capable of executing—
unchanged-—routines written for earlier 2000
systems. In addition to using advanced hard-
ware technology, including a number of new
mass memory and input/output devices, and
operating at considerably greater speeds, the
Advanced System will differ from the 213 in
the following respects:

a) Certain engineering design decisions,
such as the optimum organization of
the (automatic-in-hardware) look-
ahead and look-aside portions of proc-
essor control and the extent of over-
lapping of control memory and main
memory access, will be different from
those in the 213 because of the different
relative speeds of some hardware ele-
ments and because of the greater oper-
ational flexibility that will be required
in the Advanced System. Some design
decisions must await detailed analysis
of actual running programs in user
installations in a multiprogrammed op-
erating mode. These engineering
choices will be deferred until the needed
data are on hand.
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b) The extent of vocabulary extension
that is economically justifiable beyond
that of the 213 will likewise depend
upon 213 experience and dynamic anal-

. ysis of running programs and; in addi-
tion, will be affected by programming
language developments over the next
two years. o

¢) Software scope for the Advanced Sys-
tem will be considerably greater than
that for the 213, although several majox
items will earry over unchanged and: all
213 software will be usable.

11. MASS (BLOCK ACCESS) MEMORY

11.1 In 218

With the 210 and 211, only magnetic
tape (90K ch/s data rate) was provided for
on-line-accessible program and data files. With
the 212, either 90K ch/s or 240K ch/s tape and
a high-data-rate (960K ch/s) but slow access
(140-240 milliseconds) disc file of 5.2 million
words per unit was provided. With the 2183,
additional flexibility was required.
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vides for up to eight program-compatible units
per controller. The units differ in data rate,
access time, and in capacity per unit; they con-
gist of an updated verson of the 212’s moving-
head disc and two (different-data-rate) ver-
sions of the same drum unit:

a) Disc—10,485,760 (5 X 22') words ca-
pacity, 140-240 milliseconds ac-
cess time, 960K ch/s data rate,
8,192 words per revolution, lim-
ited to one access at a time for
each unit, 3 milliseconds maxi-
mum access time for 8,192-word
transfer if prepositioned.

b) Fast Drum-—2,097,152(22!) words per
unit, 50 milliseconds worst-case
access time, 0.6 milliseconds
maximum initiation time for
8,192-word transfer, data rate
1.32 million ch/s, single-chan-
nel.

¢) Multi-Channel Drum — 1,835,008(7 X
218) word per unit, 50 millisec-
onds worst-case access time, 4
milliseconds maximum initiation

time for 2,048-word transfer,
data rate 320K ch/s on each of
4 unrestricted channels.

We use the moving-head disc for low-
access-rate (less than three accesses per sec-
ond) large-volume files. It will for some time be
the most economical unit when considering ca-
pacity and cost alone.

The fast drum will be used for job-swap-
ping when numbers of users in a time-sharing
system rises to a point that crowds the access-
rate capacity of the moving-head disc; the fast
drum is practicable for access rates up to 15
per second, using transfers as large as 8,192
words per message.

The multiple-channel drum is used for
system program files and for input/output
tanking. When used with short messages (typi-
cal: 128 words [8 unit records for I/0]), and
with sequence-sorting of messages, access rate
can be up to several hundred per second; with
messages read or written in first-come, first-
served sequence, practicable access rate is up to
60 per second. For 2,048-word fixed-size mes-
sages, highest practicable access rate is 75 per
second.

One of the drawbacks of high-rate rotat-
ing magnetic storage devices has been the large
buffer areas needed for efficient data handling.
The advent of large capacity Slow Core has
changed all that; the fastest device can be
buffered by a Slow Core memory installation
provided only that at least 2 of the quarter-
million-word modules are used, and even 8,192-
word buffers pose no problems with directly-
addressable main memory that includes at least
half-million-word capacity Slow Core in addi-
tion to the Fast Core memory.

11.2 Mass Memory in the Advanced System

In the past, magnetic tape has served
well as the only mass memory device, and it may
continue for a long time as the most economical
carry-away medium. It should continue as the
indicated choice for file processing medium
where data files are to be processed in orderly
sequence and where files are limited to the order
of 100 millicn characters so that they do not
require multiple reels of tape. In general, how-
ever, the several-minute access time and the
mandatory requirement for handling of reels
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or cartridges (because total capacity is too
small to justify leaving files on-line) will, we
believe, limit tape usage primarily to carry-
away and ordered-file-processing applications.

While the 218’s rotating machinery is
relatively powerful by comparison with other
mass-memory equipment that has been made
available with general-purpose computing sys-
tems, a little arithmetic quickly brings one to
the conclusion that the system would be ham-
pered in several ways if some limiting param-
eters were not changed. The critical variables
are capacity, access time (Read and Write),
data rate, and whether or not carry-away capa-
bility exits.

From the standpoint of data rate, the
moving magnetic surface performs well. For
the high-data-rate problem, the Fast Drum
seems likely to continue as the preferred device.
The Advanced System version will have the
same capacity as the 218 version (2 million
words per unit), and the same ability to initiate
a one-revolution order promptly. It will rotate
slightly faster (35 milliseconds per revolution)
and will store 32,768 words per revolution (vs.
8,192 in the 213). It will be capable of one'Read
and one Write operation concurrently at a data
rate of 7.5 million characters per second for
each.

Like other organizations, we are exam-
ining the available technologies in search of sig-
nificantly better characteristics for three mass
memory functions: (a) Fast Access, implying
up to several thousand accesses per second, for

blocks of a few hundred characters, are possi-
ble; (b) Large Capacity, providing on-line ac-
cess in no more than one second to data files
as large as present-day shelf libraries (10,000
reels of magnetic tape); and (c) Carry-Away
cartridge-type files at least as large in capacity
as magnetic tape reels but having access times
of less than one second.

For the Fast Access function, modern
high-resolution slow-decay magnetic-deflection
electrostatic storage tubes under development
for military applications look interesting. A
single tube can store a few thousand lines of a
few thousand bits each, to be written or read
by slow servo-controlled sweep techniques in a
millisecond. The combination of access time,
economy, and “militarizability’”’ offered by such
a device now appears promising; and for this
reason development is being carried forward.

For the Large Capacity function, the
same CRT sweep and encoding technology com-
bined with mechanical page-changing in a pho-
tographic storage scheme now looks promising;
and this, too, is being studied here.

For the Carry-Away function, -car-

“tridge-mounted multiple magnetic tape strip

devices meet basic requirements. A proposed
tape strip scheme, for example, offers access
time of less than one second to any word in a
cartridge having the capacity of several reels
of magnetic tape.

The characteristics of these three devel-
opmental devices are summarized in Table 1.

As a hedge on the development of the

Electronic Phbto Optical Tape Strip
Mass Store Mass Store Mass Store
Basic Quick
Advantage Access Large Capacity Carry-Away
Capacity, Millions {Total . 16,000. 66.
of Words |Page .065 1. .016
Max. Access, milliseconds, fRead i 1,000. 600.
Any Word | Write 2 3.6 million (1 hour) 600.
Max. Access, milliseconds, fRead 1 1 35.
Within Page | Write 2 3* 35.
* (Assumes 1 million
word EMS Buffer)
Data Rate, Thousands of {Read 2500. 100. 120.
Char./second | Write 1700. 50. 120.

CHARACTERISTICS OF THREE NEW MASS MEMORY UNITS
Table 1
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electrostatic block-storage device, we have de-
signed a drum control hardware scheme for
optimizing the sequence of issuance of short-
message read and write orders. This will per-
mit fixed-block-size messages (128 words) to
be issued at a rate of up to 2,000 per second,
to or from any block addresses within a group
of our present 1.85 million-word multi-channel
drum units.

12. SYSTEM CONFIGURATIONS

12.1 Minimum System Requirements

The standard 213 and Advanced System
software will require the following minimum
hardware configuration:

One Central Processing Unit
32K Fast Core
One I/0 Switeh
One Mass Memory Control
One 1.85M Multi-Channel Drum
One 101 I/0 Device Control with

One Card Reader

One Card Punch

One Printer

One Magnetic Tape Unit

or Tape Strip Unit

Note that the software is insensitive in
particular to the number of processors in a

system (up to the design limit of four); that
fast and slow directly addressable memory can
be mixed in any combination up to the design
maximum of 2 million words; and that mag-
netic tape or TapeStrip is used by the software
only for system loading or carry-away pur-
poses.

12.2 Switching Redundancy

The configuration diagrams below will,
for simplicity in discussion, show Memory
Switch and Input/Output Switch hardware as
though it were centralized in two separate
units. In fact, for the sake of Graceful Degra-
dation (Section 1.8) as well as for performance
and cost considerations, active electronics of
the switching hardware is physically distrib-
uted among the Central Processors, as shown in
Fig. 12. It may be seen that every major physi-
cal unit (832K units of fast memory, 262K units
of slow memory, each I/0 Control and Memory
Control, and each Communications Processor)
is physically connected to each Central Proces-
sor Unit with its associated (redundant) Mem-
ory Switch and I/0 Switch hardware. Thus,
no single fault, including one in the areas of
system switching, can shut down more than
half the system.

The arrangement shown in Fig. 12 does
not provide within the system for redundancy

32KP1 32KP1
MEMORY MEMORY

\

MEMORY SWITCH
2IN

NO. | CPU

1/0 SWITCH

262KP8 262KP8
MEMORY MEMORY
MEMORY SWITCH
21N
o) NO.2
1/0 SWITCH

N

170 170
MASS MASS
COMMUNICATION | | coMmuNicaTION
1/0 1/0 MEMORY MEMORY
CONTROL CONTROL CONTROL 'CONTROL PROCESSOR PROCESSOR
NO.1 NO.2 NO.1 NO.2 No. | No.2
- - ' (1024 LINES) (1024 LINES)
- ’ ‘
CES DEVICES MASS TO COMMON CARRIER TO FULL-TIME
: MEMORY MEMORY  TELEPHONE/TELETYPE REMOTE
UNITS UNITS LINES CONSOLES

SYSTEM SWITCHING REDUNDANCY

Figure 12
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Figure 13

in access to remote consoles. The dialed-up
remotes have protection in that initiation of a
remote connection through the common-carrier
network will encounter “busy” signals from
all lines into a 170 that is down and conse-
quently will be directed through the other 170.
Connections that are active when a 170 fails,
however, may be vulnerable; and each full-time
remote is shown associated with a particular
170 so that half of them will go down if one
170 fails.

Both of these restrictions can, if desired,
be removed by providing, as mentioned in Sec-
tion 12.4, switching redundancy between the
170’s and their remote lines.

12.3 213 Systems

A typical medium-size 213 installation
that will use magnetic tape for file processing
is shown in Fig. 13. This particular system
uses four 32K Fast Core memory modules and
two 262K Slow Core memory modules.

A 213 system that does not use magnetic
tape on-line (tape is used only for auxiliary
input/output through each 101 I/0 Control) is
shown in Fig. 14. In this system, the CRT
Printer-Plotter is associated only with one 101,
and its service continuity, together with that of
the other I/0 devices associated with that 101,
is thus vulnerable. Likewise, the Data Link
interface and the remainder of the I/0 devices
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are associated only with the second 101, so that
those devices together with all of the remote
card/printer stations will go down if the sec-
ond 101 fails.

12.4 Advanced Systems

An Advanced System configuration in-
cluding a single-processor CCTS Time Sharing
facility is shown in Fig. 15. The particular sys-

tem shown is intended as a growth replacement
for the system of Fig. 14, with the addition of
CCTS. At this stage, the system will provide
“graceful degradation” as described in Section
1.8 for only job-oriented work; a major failure
in the Type 170 Communications Processor sys-
tem could shut down the time-sharing capa-
bility until repair has been performed. Note
that only the central processors, high-speed
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memory, and memory switch need be changed
when upgrading from the 213; the 213 equip-
ment retained is in the dotted boxes.

A more comprehensive system providing
for graceful degradation in both job-oriented
and CCTS capabilities is shown in Fig. 16.
This duplex-170 installation, with distributed-
switching reconfiguration facilities, is modeled
on the pattern of the AUTODIN second-phase
system as mentioned in Section 1.8. Note also
that passive-switch I0CU’s have been used for
I/0 device control, operated under direct con-
trol of the central processors and arranged so

that loss of a single IOCU will not cause loss of
any I/0 devices (including Data Links to re-
mote card/printer stations). Also, redundant-

- switching Mass Memory Controls have been

used, so that failure of one control unit does
not result in loss of mass memory units.

13. ADVANCED SYSTEM TECHNOLOGY
AND DESIGN2¢ :

13.1 Circuits?

To achieve the performance goals of this
advanced system, significant gains are required
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in the effective circuit speed. The effective cir-
cuit speed relates to the speed of the circuitry
as a function of inherent delay, method of inter-
connection, complexity of logic performed, and
method of packaging.

The advanced processor, unlike that of
previous computers, requires an extensive inte-
gration of circuit logic, and packaging tech-
nology.

It is also apparent that unless the system
performance requirements are recognized at
the most fundamental level, namely, the basic
circuit, performance requirements will not be
achieved. The new machine will use circuits

which take full advantage of the advances in
technology yet allow utilization of prior expe-
rience in producing large-scale reliable equip-
ment,

The system requires circuits capable of
handling nanosecond pulses with minimal dis-
tortion. Anti-saturation circuit techniques,
double level logic and smaller geometries are
used to achieve this circuit speed. Particular
emphasis in development has been placed on
those circuit forms which permit total integra-
tion.

The advanced system will use a high-
speed, anti-saturated, readily integrable diode
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transistor logic element. Typical circuit delays
of 4-6 nanoseconds have been demonstrated
for fanouts up to 6. This circuit features min-
imal design variation with loading with em-
phasis placed on total integration. The object
is to achieve the fastest circuit speed within the
framework of an integrable machine. Overall
system speed is then achieved through the
signal path reduction resulting from the use of
integrated circuit techniques.

13.2 The Basic Card?®

The basic pluggable assembly is the fune-
tional card, conceived on a generic card scheme

whereby multiples of the single card can be
arranged to form any major logic block in the
machine. The single card contains 4 modules.
Each module in turn is composed of eight inte-
grated flat-pack-type circuits. Card connections
are made through blade type connectors and
are arranged to permit pin densities for com-
binations of circuits within the basic card. Inter-
connections within the card are consistent with
the high speed attained throughout the system.

The basic module, Fig. 17, is composed
of a copper comb which acts as its main sup-
port, heat sink, and ground plane. All microflat
packs are attached to spring temper brass car-
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riers which slide over the master comb. The
two printer cricuit cards carry all signals and
voltages to the lower header assembly. A wave
soldering operation completes the module pack-
age.

Four of the basic modules are soldered
into a printed circuit card which becomes the
smallest pluggable assembly. The end of the
card contains a plate which acts as a handle, a
test point plate, and an air baffle. When all
cards are plugged into a frame, the back pan
acts as one side of a chimney and the card
plates act as the opposite side, thus assuring a
positive unidirectional air flow.

The entire package is designed for auto-
mated assembly.

POWER SUPPLIES

PROCESSOR

PROCESSOR

"

MEMORY MATRIX

OCU ( SHOWING PAGE AND INTERFACE CABLING)

13.3 The Page Assembly

To build a complex of basic cards and
maintain minimum lead length, a spinal column
design is used. The entire processor is based
on a horizontal wiring spinal column with
branch wiring to all subassemblies. The modular
hinged pages have hinge points on the bottom
forward edges of the upper pages and on the
top forward edges of the lower pages. This
design allows easy withdrawal and minimum
system - interconnection lengths. Connectors
mount in the front of each page. Interpage
wiring proceeds through plastic cable conduits.
To conserve head room because of the diagonal
radius from the pivot point, all pages have a
2 to 1 height-to-width ratio and afford fore-and-
aft access to the cabinet. This type of con-

-’

«——— PAGES WITHDRAWN
FOR SERVICING

1’4
PROCESSORS & IOCU

SYSTEM PLAN

Figure 18
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struction results in a high volumetric efficiency
and reduces the number of interpage cables.

The front of each page contains indi-
cators and test points for maintenance opera-
tions. In the extracted position, all page panels
will be oriented for normal viewing.

High density packaging of high-speed
circuits is necessary to reduce interconnection
wire lengths. This reduction minimizes wire
delay and permits a maximum number of con-
nections without recourse to coaxial or similar
transmission line wiring. Since it becomes
more difficult to make interconnections as the
component density increases, a technique has
been devised which preserves the fast wave
fronts necessary to small delay switching. Also,
this technique provides accessibility to the in-
dividual elements of the device.

13.4 The Memory Matrix2

The Memory Matrix, or interconnection
bus, Fig. 18, is the central spinal column for the
main frame. The matrix connects all processors
and IOCU’s to all thin film memory banks.

Its construction embodies the use of
modified strip lines in a compact assembly. All
points in the matrix terminate in fork type con-
nectors which are mounted on the matrix top
face and interconnect all receiver and sender
circuitry.

These circuits mount to matrix printed
circuit cards. A complement of cards is cabled
to each processor, IOCU, and 8K memory bank.
Any card complement for a specific machine
configuration has its own built-in circuitry for
future expansion to the maximum configura-
tion.

13.5 Processors?®

The main frame is comprised of individ-
ual processor sections and banks of 32K thin
film memory. The page design uses the proces-
sors to form the left two cabinet sections and
thin film memory pages to form the right sec-
tions. The entire device is constructed in
modules of processors, I0CU’s and banks of
32K of thin film memory. The spinal column
wiring assembly is a memory matrix of inter-
connection bus which conneects all processors to
all memory banks.

Each individual processor, like its 212
and 213 predecessors, will use an overlapped

internal organization permitting use of a con-
trolled amount of look-ahead. In addition, true
parallel processing within a single sequence will
take place in the indexing and operand fetch
portions of successive instructions due to the
use of multiple identical units within each
processor.

Figure 18 shows details of the page in-
stallations, interface cabling, processor and
memory sizes, power supply locations, and in-
dividual page maintenance.

13.6 Thin Film Memory2°

The magnetic thin film memory to be
used in the Advanced Machine is a large ca-
pacity, high speed storage unit, packaged on
modular pages, and communicates with the
processors through the memory switch.

The word size of this memory is 50 bits:
48 information plus 2 parity. The cycle time
is 250 nanoseconds, read-to-read, and access
time is 100 nanoseconds, measured from the
input of the address register to the output of
the data register. Each memory bank contains
32,768 words simultaneously addressable in
8,192 word sections. . Two adjacent words are
read out simultaneously internal to the storage
unit. Only the selected word is presented to
the system. The unit is a linear select (word
organized) unit with destructive read and write
restore.

"~ To attain the fast access and cycle time
desired, the electrical, mechanical, thermody-
namie, production, reliability, and maintain-
ability aspects of the design are considered as
an integrated whole.

The electrical, mechanical, and material
tolerances require the memory to be linear-
select and to operate with destructive read-out
with digit write-restore. The storage media is
composed of a matrix of magnetic film sub-
strates. Two words are read out simultaneously
and write-restores to minimize the decoding
and drive hardware required; the desired word
is selected in the memory logic section for pres-
entation to the Memory Data Register.

The thin film memory features a special
disturb-insensitive film allowing complete
matched strip-line construction with constant
line impedance, and low impedances to be used
throughout the system with very low crosstalk
and minimal word to word coupling. In addi-
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tion to providing a high bit density, the film
permits strip-line construction.

The use of matched lines provides no
ringing on digit or drive lines, and permits use
of fast rise times and short pulses with the
resulting larger read-out voltages and shorter
cycle times.

A high frequency, balanced, differential
sense amplifier constructed in micro-technology
in conjunction with the exact geometric con-
struction of the system provides excellent re-
sults in read out and lends itself well to the
integrated system.

The thin film memory pages (Fig. 14)
contain blocks of 2,048 words of memory. Two
plates compose a single page. Four pages make
up 8K of thin film memory. Associated driver,
switch, and sense amplifier circuits are ar-
ranged to tie closely into the control and timing
circuits located in a logic page servicing 4
memory pages. .

13.7 Mechanical and Thermal Considerations

Empty pages are positioned throughout
the cabinetry to allow for interface cabling.
Servicing and maintenance is accomplished by
pulling a top page to its horizontal position
where it will lock in, and lifting a lower page
to engage the locked out upper page. Locking
is accomplished by a quick disconnect at the
handles. This design precludes an exotic and
costly holdout mechanism for the lower pages.
The major Processor/System interface occurs
in the IOCU sections. Cabling enters the cabinet
through the subfloor and into the IOCU cable
matrix.

Thermal densities in the order of .7
watts/cu. in. ocecur throughout the main frame.
With thermal concentrations of these magni-
tudes, forced convection cooling is a satisfac-
tory technique. The circuits are designed to
operate in a range of 15°C to 50°C. An average
internal temperature of 40°C is the top allow-
able limit which has been set in order to offset
“the possibility of hot air pockets.

An important consideration is the ability
to cool a page in the out, or service, position.
This is accomplished by the incorporation of
air-moving devices in each page. These air
movers are of a type which can deliver approxi-
mately 80 CFM at .1 inches of water, and not

create a loss of head due to own physical size
since they must stand in the main cabinet air
stream. Two or three of these fans will ade-
quately cool a page in the servicing, or out,
position.

An interlock on each page will apply
power to the fans while the cabinet is closed
for normal operation.

There is a blower chamber associated
with each bank of four pages both top and
bottom. All chambers are self-contained units,
which have their own inlet ducts, filters, and
outlets ducts with collapsible ports. The col-
lapsible ports will close when a page is opened
for servicing, thus keeping air paths intact.
Each blower must deliver approximately 200
CFM against a .5 inch head. The final selection
has been made on the basis of CFM and acous-
tical levels.

A forced convection system, as described,
will adequately maintain the system tempera-
tures between the limits of 20°C to 50°C with
an ambient of 20°C + 5°C. The normal opera-
tion with doors closed will effect a vertical cab-
inet air flow sufficient to remove 10 kw. of heat
load. During normal operation, page fans will
remain off. Their low surface area will induce
very little restriction to air flow. During servic-
ing, a page is withdrawn, an interlock closes
power to the saucer fans, and the faulty page
thus picks up its own air mover. The bottom
blowers keep air moving in the remainder of the
lower pages and the top blowers maintain cool-
ing air in all top pages. The scheme is entirely
modular. Depending upon the cabinet popula-
tion, processor, I0CU, memory, etc., blower
assemblies can be added or subtracted, page
fans can be employed from none to three de-
pending upon the cabinet heat load.

14. SOFTWARE IMPLEMENTATION PLANS

One of the decisive reasons why we have
chosen upward compatibility for the 213 and
Advanced Systems is that we are convinced the
priceless ingredient of really good software is
abrasion against challenging users.

The first 213 systems will operate ini-

k tially with 212 software. A few months later,

the following software items will be delivered:

a) 213 SYS, a multiprogramming-
multiprocessing executive system
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b) 213 TAC The 212 Assembler ‘ and the FORTRAN-II and -IV com-
. and FORTRAN IV pilers, primarily intended for 32K ma-
c¢) 213 FORTRAN IV) Compiler will be chine applications, will be integrated to
generalized to use run under the new executive system.
24-bit addresses The major products to be integrated are:

throughout and to COBOL-61; SORT II; PERT III, PERT COST;
make use of mass STAT-2000 statistical analysis system; LP-
memory. 2000 linear programming system (input-com-
d) All 212 software, except 32K SYS, TAC, patible with LP-90) ; XORD self-buffering I/0
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routine; PIOSGEN 1I/0 generator; PIOS I/0
interpreter ; APT-III numerical control system;
REPORT generator; FILE selection generator;
SIMSCRIPT system simulator; and LIBrary
mathematical, utility, and service routines and
subroutines.

Work on the 212 Time Sharing System
will be converted to an extension of the 213
executive system; this extension will be made
available for general use about six months later.

Initial Advanced System hardware de-
liveries will be made about two years after
initial customer-site usage of items a) through
d).

Thus, both 213 and Advanced Systems
will be utilized initially with software that has
been used for about two years by customers.

Phileo’s 1960-released ALTAC compiler,
and its successors through the present ALTAC-
IIT compiler which includes FORTRAN-II as a
subset, contain these source language features
beyond FORTRAN:

1. Symbolic statement labels (begin with
alphabetics).

2. Compound statements
statement; statement”).

3. Mixed expressions (integers are

- floated).

4. Array dimensionality up to 4.

5. Greater subscript generality: variable
subscripts attaining zero or negative
values are handled properly; subscrip-
tion of subscripts to arbitrary depth is
allowable.

We are pleased that most of these features,
among others, are now being considered for
adoption in newly proposed procedural lan-
guages. 212 users have written compilers for
two of the three recognized dialects of ALGOL-
58, MAD and JOVIAL. We are studying the
applicability of these languages in addition to
ALGOL-60, and of other procedural languages
not yet publicly defined; with the intent of
selecting appropriate languages and language
extensions for future compiler development for
release as Philco-maintained 213 software
products.

(“statement;

15. CONCLUSIONS

The trend toward broadening the applica-
tion of million-or-more-operations-per-second

computing systems seems to us to be unmis-
takable. At one extreme, more comprehensive
solutions of the most complex problem types
are being planned, and improvements are being
made in the rapidity and efficiency with which
service is provided to the requestor of such
problem solutions. At the other extreme, the
computational-colloquy mode of access to large
systems is making them conveniently available
to requestors of solutions to relatively small
problems, providing not only the superior
economy of the super-scale machine, but also
its vast power and flexibility together with a
continually-broadening range of software. This
mode of access to very large machines is also
beginning to demonstrate a new order of effec-
tiveness of computation service to research and
development organizations whose technical pro-
ductivity is closely related to the promptness
and predictability with which computer solu-
tions to new problems can be prepared and
extended.

The effectiveness of multiprogramming
in large-system efficiency and the planning flex-
ibility and graceful degradation potential of the
multiprocessing system seem to have been ac-
cepted as realistic and justifiable goals by many
of the most advanced large-system users. We
believe that broad application of these concepts
in large systems is inevitable.

The Advanced System that is the subject
of this paper is intended not only to provide
much greater speed and economy but to include
in its hardware and software highly efficient
and quite general capabilities for facing the
challenges outlined in Sections 2 and 4, includ-
ing that of The Common Routine and Common
Data.
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The following are corrections to be entered on the designated pages:

Amemiya, Hiroshi:
Page 124, Figure 2

“A 105 -Bit High-Speed Ferrite Memory System—Design and Operation”
Caption should read Reading

142, line 4 Change to e
~,row 3,col. 3 - Change to u,s — 72
, row 4, col. 3 Change to U2
,row 1, col. 1 Remove parens

Weber, J. H.: “UNISM—A Simulation Program for Communications Networks”

Page 243

Place . after — B? in equation

Trilling, D. R.: “The Use of a Job Shop Simulator in the Generation of Production Schedules”
Page 277, line 14, right Change to read—These statistics are well known

279, line 23, right Change to read—This type of node is a “call-out,”
, line 45, right Change to read—to assign the necessary binary codes.

282, line 12, right Change to read—point to hypothesize a schedule analyst and—

Raphael, Bertram:

582

“A Computer Program Which ‘Understands’ ”’
Add part h (below) to Figure 3

h. NUMBER
teoe, A BOY IS A PERSUN)
{4 UNDERSTAND)
(oo, JOMN IS A BOY)
{1 UNDERSTAND)
(wee, A FINGER IS PART OF A HANO)
(1 UNUERSTAND)
(ooe, HOW MANY FINGERS DOES JOMN MAVE Q)

(Tnt ABOVE SENTENCE IS AMBIGUUUS e BUT [ ASSUME (MAS) MEANS (HAS AS PARTS))
(] UONeT KNOW WHETHER FINGER S PART OF JOWN}

(o0e, 'THERE 1S UNE HAND UN EACH ARM)

(1 UNDERSTAND)

lese, THERE ARE TwO ARNS ON A PERSON)

(1 UNDERSTAND)

teoe, HOW MANY FINGERS DOES JOMM HAVE Q)

(THE ABOVE SENTENCE [S. ANBIGUOUS e AUT | ASSUME [MHAS) MEANS (HAS AS PARTS))
LEHOW MANY FINGER PER HAND Q))

{vee, A HAND HAS 5 FINGERS)

{THE ABOVE SENTENCE IS AMBIGUOUS oo BUT | ASSUME (HAS) MEANS (HAS AS PAKTSH)
{1 UNDERSTAND)
teoe, MOM WANY FINGERS DOES JOMN MAVE Q)

(THE ABOVE SENTENCE IS ANBIGUUUS oo BUT | ASSUME (MAS) MEANS IMAS AS PARTS))
(TnE ANSWER (S 10)

1



283, line 32, left
284, line 4, left

285, line 19, left
286, line 17, left

Change to read—analysis will begin by looking for any case—
Change to read—viewpoint of local management, and the policies—
Change to read—man should result in a smaller absolute reduction
Change to redd—their effects are studied by separate experi—
Appendices I and 1T should appear at the end of the paper.

Teitelman, Warren: “Real Time Recognition of Head-Drawn Characters”

Page 559

Correet author’s name to “Warren’’; Change first word in second paragraph to “In.”

Talkin, Albert I.: “The Negative Gradient Method Extended to the Computer Programming of Simultaneous
Systems of Differential and Finite Equations”

Page 540

Yang, C. C. and Tou, J. T.:

Page 651, line 7, left
, line 10, left

653

653, line 41, left
, line 5, right
, line 27

654, line 7 and
rest of left
, lines 25, 26 right

655, last line, left
, lines 15, 17, 28,
right
, line 30, 43, right
, line 33, right

656, line 3, left
, lines 4, 23, 25, left
, lines 15, 16 left
, lines 27, 28 left
, right—
, line 1,
, line 3, 4
, line 8,
, line 9,
, line 10,
, line 11,
, line 17,
, line 26,
, line 32,

Add derivate dot above z in (1.3); above x in 4th line of Sec. 1.2 above initial z,y,z,
and 22, y?, 22, in third line of (2); initial z, y, and z?, y? of second line of (3) and (4);
initial ¥ and second z of (5.2)

“Systematic Design of Cyrogenic Logic Circuits”

5, 10-13, 15 are references (superscript)
9, 10, 12 are references (superscript)

In each case where pairs X; and X; appear, change to X; and X;
Change to X; = 0

Change to F(X,.)

Change second X; to X;

Change X; to X;
Change X; to X;

Change second X; to X ;

Change F(X w) to F(X m)
Change to P, through P, ~
Change to P, + PiPiy1 = Pi + P

Change to P,

Change to F(X4)

Change to F(X1) = X:XoX:Xs 4+ XiXoXoXs + X1 XXX,
Change to F’(X4) = X](Xz + X3) + X—z + X3) )—(4 + )—(1 (X—z + XsX.;)
Change to:

F(X4) _ o _ _
F(X4) = (X1 4 XoXy) (XX + Xo) (X1 + X, [Xs 4+ X4
Py = X1 + XoX5 P = X, (X: + X5)

Pz = X2X3 + X4, P2 i (XZ + X3)X4

133 = {1 ‘f_‘_ Xz(?_(_:s + X4),

Py = Xi(Xy + X3X4)

and P; (z = 1,2, or 3)

and X-l or X4 and X_4 has

and X possesses



657, line 4, left function F(X,,).
, line 9, left F(X ) should
, line 2, right form F(X,.),
, line 36, right F(X;) = X.X; + X, XX (11)
,lines 39, 40, I'lght F(Xg) = X.l)—fzys + XleXz + lezX-g (12)
, lines43, 44, I'lght F(Xa) = X—ly2X3 + Xlej—(;; + X1Y2X3 + X1X2X-3 + X1X2X3

658, line 13, left of X, is
, line 14, left and X, is
, line 14, right form F(X,),
, line 15, right and X; and
, line 16, right and X, are
, line 39 right Su(Xy, .o, Xy, X, X )

659, left line 1 Written X, X, etc.
, line 3, r1, Xi, Xj, Xn, ete.
, line 5, parameters X,, X;, etc.
, line 7, When X;, X;
, line 16, and X;.
, line 19, Variables X3, . .., X, ..., Xj,
, line 32 ‘With X, ..., X4 ..., X, ...
, line 38-40 F(Xn) =8pe Xy, ..., Xey.o ., Xjy oo, X0)
, line 43-44 = S,,()zl, o X , )—_(_,, , Xom)
B + 8 Xy - Xy, Xy, X )
F(X.) =8pXy, ..., Xs...,X;,..., Xn
= > 8uXy .. Xy Xy, X
k=0
k=ps#q

659, right line 12 X, X, and X;

line 17 Sy Xy, ..., Xsy ..., X;, ..., Xn) and
line 18 Sq(Xl,...,X,‘,...,Xj,...,Xm)
line22 Sk()—(h...,Xi,...,Xj,...,Xm
line 25 F(X.).

660, left lines 3,4 F(X__?) i X1X2)?3 + X1X2X3 + )?1Y2)—(3

line 8 or Xy, X,

line 9 X;. When X; andX, or X, and X; are
line 11 X, X,

line 12 X; by

line 15 X, X,

line 16 and X ; become

line 27 F(Xg) = Sz (Xl, Xz,X_g)

line 29 F(X;;) = So,l,g (X],Xz,)—(:;)

line 33 and X; located

661, left lines 33,34,35 X, is
line 37 by X i
line 39 gate X; in



Avizienis, A.: “Binary-Compatible Signed-Digit Arithmetic”

Page 665, 667, 669, 671 Replace running head with title above.

667, line 1-8, left Change column of numbers to; 60 7 E 750
271 5000
47810750
416 1150
0101100
517 0150
517 0150
517 00090
667, lines 20 & 22 right Change to ' = 16 @ = 177 ...71
667, lines 35-41, right Change column of numbersto; 6074 7 56
A A A B O
1570316147
5103 6 41
1 1001 1 1
6104 7 51
6104 7 59
668, line 44, left Change p and z in equation to P X
line 1, right Change “recorded” to “recoded”
line 16, right Change to ‘“‘multiples”
line 44, right Insert “and’ after *“form”
669, line 8, left Change to P (j-1)

line 25, right Change p to ¢
line 37, right Change to ‘“digits”
line 41, right Change to R (j-1)

670, line 24, left Change to ¢ = 4”

Fricke, L. H.: “The Use of a Portable Analog Computer for Process Identification, Calculation and Control”
Change running heads to read ““ Calculation”, instead of ““ Calculating”
686, left Change words ‘“out”” and “in” in the equation to subscripts

691, line 24, right Change B in equation to a lower case bela
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Paquette, G. A.: “Progress of Hybrid Computation at United Aircraft Research Laboratories”
699, Egs (1),(2),(3)  Add derivative dots over final z (double in Eq) (2)

700, Egs (6),(7),(8)  Add derivative dots over final x in (6); all zs in (7) (double over final x); and double
over final z in (8) ,

701, left, is para Change to read: “The use of a single argument interval often requires an excessively
large data table to adequately deseribe the function. Some reduction in table size
can be accomplished by subdividing the function into regions with different argument
intervals. Another procedure is to apply an argument modifying function to the prob-
lem argument, i.e.,

Carbrey, R. L.: A Strobed Analog Data

Page 712 Change Fig. 4a to 4b; 4b to 4a

Frederickson, A. A.: Hybrid Simulation of a Lifting Re-entry Vehicle
Page 717, lines 3, 5, 6, right Add double dots over h in A = 0, h? in (1) and single over V
718, line 11, left Add derivative dot over A

719, line 2, right Add double dot over h
line 4, right Add single dot over V

728, Eqgs (7),(8),(9)  Add derviative dot over ¢

731, lines 16, 17, 21

left Add derivative dots over « and 8
lines 26, 27, 31,
36, left Add derivative dot over T, AT, and second T

731, Eqgs (15), (16)  Add derivative dot over T, intial T, final «, AT, initial 8 and final T',
731, Eqs (17), (19),
(20) Add derivative dot over T' and AT
The following are corrections to AFIPS, Volume 26, Part II:

Credit portrait of Gen. David Sarnoff, p. 2 to “Karsh, Ottawa”



