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EVALUATION

The “Advanced Logic Technology ” study was aimed at developing
an architecture solution for a large data base application embodied
in the indications and warning problem. This effort developed a
detailed register—level definition of a content addressed memory
to solve that problem. A program plan for implementing such a system
was also developed. The study results will be an input for further
trade—off and analysis prior to making a decision to implement a
system to meet operational requirements.

OSCAR A. REIMAN N
Project Engineer
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SECTION 1
INTRODUCTION AND SUMMARY

This is the final report describing the results of a study conducted by
Honeywell Inc. , Systems and Research Center (S& RC) , for the United StatesAir Force , Rome Air Development Center (RA DC), under contract F30602-75-C-0148. The objective of the study was the architectural definition of anExtended Content-Addressed Memory (ECAM) suited for large data base appli-V cations where conventional software solutions are inadequate. The require-rnent s for a proposed system called the SAC Warning Data Analysis System(SACWARDANS) were used as a baseline for machine development .Informatics, Inc . assisted Honeywell in the definition of these requirements.
The major result s of the effort are: (1) the register- level definition of the VECAM, and (2) a plan for its development. These and other results are sum- Vmarized in this section , and recommendations are presented. Details arepresented in succeeding sections of this report.

1.1 BACKGROUN D

Motivation for the development of the Extended Content-Addressed Memory
came from the data base requirements of an application at the Strategic AirCommand (SAC) called Indications and Warning Support . This system , calledthe SAC Warning Data Analysis System (SACWARDANS) , was scheduled for aninitial operating capability in 1978 and would allow intelligence analysts atdisplay consoles to make on- line queries to a data base containing ‘1 messages”pertaining to various activities of interest. Approximately 3000 messages perday are added to the data base. Messages are retained in the system for a

V minimum of 30 days be(ore being deleted . This results in an average database on the order of 10k’ to 1010 bits . SACWA RDANS is considered typical ofthe high-performance data base requirements of the U. S. intelligence com-
munity.

An analysis of the processing requirements for SA CWARDANS was performed
V for RADC by Planning Research Corp. (PRC) and Informatics , Inc. undercontract F30602-73-C-0359. This work , documented in PRC report WP0217dated January 1974, showed that conv ent ional serial processor approachescould not meet system performance requirements . In the report , three

V approaches were compared: a conventiona l Honeywell Information Systems
HIS- 6080 implementation, the Goodyear STARAN with a backing disc con-taining data base directories , arid the ECA M, which , at that time, was in theconceptual design phase at Honeywell. The report’s conclusion was:

1



V V ~~~~~~~~~~~~~

“To summarize , the ECA M is expected to provide superior perfor-
mance and in many ways result in a high-quality system which can
serve both operational req u irements and also provide a vehicle for
developing new methodologies In the subject area of SACWARDANS. ”

The ECA M was shown to offer speed advantages of from 125:1 to 226:1 over
the HIS—6080 processor used as a baseline , and storage efficiency improve-.

V 
ments of 3.6:1. Compared with STARAN , the ECAM offers a speed advantage
of approximately 3:1 and a storage efficiency improvement of 1. 2:1.

The requirement for a device such as the ECA M stems from the Inherent
performance limitations in conventional data base approaches . Conventional
data base systems are implemented on seria l processors with limited amounts
of fast memory. This has resulted in performance which deteriorates dras-
tically as the data base size increases. Also, conventional memories are
location-addressed , a fact which complicates the processing problem with V

issues not inherent in either the data or the system functiona l requirements.
The major effect of location addressing has been increased storage overhead
for index tables. In large data bases , management of these tables is a prob-

V leni in its own right. Fast insertion and deletion of records requires that a
minimum of tables be involved; fast retrieval of records requires that a large
number of different attributes be indexed in the directories. Thus , the fast
update requirement of SACWARDANS conflicts with the requirement for fast
retrieval.

In contrast to conventional techniques , content-addressed memories like the
ECA M have the capability of retrieving information directly , based on att r ibutes
of the data itself . This is done by including sufficient processing capability in

V the data storage medium to perform searching operations. The use of Content-
Addressed Memories (CAMs) to overcome the constraint s of conventional data

V base systems has been suggested by many, but , until recently, the cost of
CAM systems has been Drohibitively high . This high cost was due primarily
to the cost of logic required for content addressability and the high cost of the

V storage itself. To date , 106 bits has been the upper limit on implemented
CAMs , while SACWA RDANS requirements call for capacity to approximately V
i09 bits.

In 1973, the contractor ’s ongoing work in large-scale integrated circuits
(LSICs) indicated that advances in LSICs would allow systems of i09 bits to be
built at reasonable cost by 197 8, and that the historical limits on CAM sizes
would no longer apply. Investigat ions were then begun into CAM organizations
appropriat e for such sizes. Thus , the overall ECA M concept was under inter-
nal development as a technology investigation prior to this contract effort.
The effort expended under this contract has been directed toward refining the
ECA M concepts Into a reg ister- level design expressly for data base applica-

V 
tions , and towards developing the program plan.

2
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1.2 HARDWARE STRUCTURE

The ECA M is a special-purpose machine designed to be attached to one or
more host computers and to be used as an access processor for the data base
it contains. The major functional unit s of the ECA M are shown in Figure 1.
An artist’s sketch of the proposed packaging is shown in Figure 2.

The machine is divided into two portions: the CAM array, and the control
unit . The control unit is designed around a bus-organized minicomputer and
ind udes the mini (called the master), a custom-designed controller for the
array (called the slave), and one (or more) interfaces to the host(s) . The
array consists of a mult iplicity of 4096—bit serial storage words , with combi-. V
national log ic at each word to effect the associative functions .

1. 2. 1 Contro l Unit

The main unit within the control unit is the master minicomputer. Its rnem- V

ory bus provides the basic structure of the control unit , and the availability V

of standard software facilitates writing of application code to mediate b etween
the host and the slave controller. Because of its ub iquity in intelligence

V applications , the contractor recommends that the PDP- 1l/45 be chosen as
master control processor , but the control unit design is such that almost any
bus-organized minicomputer could be used .

The ECAM/host interface is designed to connect to the host as a standard
high-speed peripheral (such as a disc), It is controlled via the master’s pro-
grammed input /output (I/O) facility , shown by the dotted line in Figure 1, and
transfers blocks of iri.forrnation between the host and the master’ s memory in
a transparent fashion. The design of this interface is obviously very depe n-
dent on the choice of a host ; details have not been specified in this initial con-

V tract. In subsequent work , when a host has been selected and a final selection
of master processor has been made, design of the int erface can proceed in a
straightforward manner.

The slave portion of the control unit is most critical to efficient operation of
V the array and , as such , has received the most attention during the control unit

design effort. The two major subunits of the slave are the interpreter and
the iteration control. The interpreter is a high- speed , microprogrammed V

unit which is designed specifically for interpretively executing a block-
structured query language used to specify ECAM operation sequences. Query
language sequences are passed from the master to the slave via b uffers in
the master ’ s memory. The control store of the interpreter is writable ,
allowing easy changes to the query language. The output of the interpreter V
is a stream of array primitives which are passed to the iteration control unit
via dedicated buffers within the slave . Iteration control is a hardwired sub-
unit which generates control signal sequences to effect the array operations.

3
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Figure 2. Proposed Packaging Scheme

To keep the bulk of the design independent of the storage technology, the
storage control functions of addressing , shift ing , refresh , and others , have V

been isolated to a single subunit of the slave. A high-bandwidth I/O capability
is also provided , under control of a distinct subunit of the slave. As was the
case for the main host interface , the fast I/O control design has been de-
ferred to a subsequent effort because of its specificity to a particular host.

The complexity of the slave controller is estimated at 500 to 800 small and V

medium-scale int egrated-circuit packages. It is designed for implementation
in standard and Schottky transistor-transistor logic (TTL) circuit technology V

with clocks of 10 MHz.

1. 2 . 2 Array 
V

The array consist s of a large number (up to 250 , 000) of associative words as V

shown in Figure 3. Each word cons ists of 4096 bits of charge-coupled device

V 

(CCD) storage, randomly addressab le to 256-bit registers, and a block called

5
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Figure 3. ECA M Associative Word

the “word logic” which supports the content addressing and associative func-
tions of the array. The two major elements of the word logic are the match
memory and the arithmetic-logic block. Word logic operat ions such as
searches and arithmetic are performed by selecting one of 16 match bit s from
the memory and repeatedly executing a sequence of combinatio nal operations
on each bit of a field within the storage word. For most operations , the in-
puts to the combinational logic are the selected rmtch bit , a “global” data
signal from the contro l unit , and the “local” data bit from the storage part.
A complete list of the word logic equations is presented and discussed in
Section 4.2; a summary of functions is presented in Table 1.

The ECA M packaging baseline assumes that the storage is contained on LSICs
of 10 words by 4096 bits. This is within the capability of present CCD tech-
no logy of many vendors , including Honeywell. (In the baseline , we hav e V

assumed a shift rate of 1 microsecond per bit. This is somewhat slower V

than current techno logy capabilities , but was chosen to simplify signal dis-
tribution .) Each storage chip is paired with a word logic chip containing 10
word logic blocks together with first-level support logic for the multiple-
match resolver , match counting , and I/O  fac ilities. At the next level of

6
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Table 1. Word Logic Function Summary V

Operation__I Word Logic Function

• Add/ Subtract

• Reverse Subtract
Processing 

• Arithmetic Compare -

• •\~VIin imum/M~~ imum
—

. Input

• Output
Input/Output • Output and Tag Duplicates

• Broadcast Input

• Output ORing 
V

State • 17 logical functions between Match , T , and
manipulation other word logic stat e variables

I/ O and MMR • 
V Fiv e functions for I/ O , MMR , and Match

control Counting

packag ing, eight storage /word logic pairs are mounted on hybrid substrates.
These substrates are then placed on conventional circuit cards. An artist’ s V

sk etch of the packaging scheme is shown in Figure 4. V

— 
V

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ I 2 O

Figure 4. Memory Board Packaging Scheme
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Although the baseline ECAM storage technology is CCD , the design deliber-
ately has been kept as technology- independent as possible. Alternative
approaches are discussed in Section 6. The basic constraint on the storage
medium is a requirement for stop/start and read-modify-write capability on
a per-bit basis . Beyond this , the speed , cost , power consumpt ion , and
mechanical attributes of the ECAM may be varied by changes in the storage
technology. For instance, use of magnetic bubble storage would allow ECA M
sizes to increase to perhaps i010 to i~ h1. bits with a corresponding reduction
in speed.

In addition to the word logic shown in Figure 3, the ECA M is provided wit h a
high-speed I/O path which allows 10 words to be logically selected to partici-
pate simultaneously in a single input or output operat ion. The switch which
implements this fast I/O mode is included at the word logic chip level. The
effective transfer bandwidth of the EC.A M is raised from 106 bits per second
to i0 7 bits per second by use of the fast I /O mode. V

1.3 APPLICATION AND SYSTEM SOFTWARE

The ECA M is primarily intended to operate on dat a stored as tables consisting
of a numb er of fixed-size records , each subdivided into fields of varying
length. The design is consistent with the relationa l view of data, where the V

tables are the relations, the records are the n-tuples , a rid the fields contain
domain values. An example of this basic structure is shown in Figure 5. In
an application such as SACWARDANS, the table sizes are as indicated in the
figure. As discussed in Section 2 , approximately 5 to 10 differently formatted
directories will coexist within the ECA M. Bot h binary integers and charac- V

ters are used as field values; within the ECAM , they are treated uniformly
as bit strings.

ID EQPT ORG 
•

1000 TO 
_______ ________ ___________

500 ,000 . — — — —  — —

ENTRIES

1-. 300 TO 500 BITS

Figure 5. Stored Data Structure
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The division of functions between host and ECA M is made as follows: termi-
nal handlers arid user jo b interfaces within the host support the generation of
query sequences. Once such a sequence has been prepared , it is transferred ,
together with identification tags , to the ECA M via the host ’ s standard I/ O
subsystem hardware and software. The query sequence references the logi-
cal structure of the data stored in the ECA M and may, in addition , refer to
intermediate search results left by the user after a previous sequence.

The master control processor is responsible for management of pending ~e-
quences and for transmitting the result s of queries back to the host. This
includes allocation of master memory buffers  for incoming sequences , scan-
ning of sequences to create code for the interpreter , and allocation of master
memory buffers  for result s being returned by the slav e. In addit ion , users
requiring temporary storage of results during the period between two queries V

may request temporary storage areas within the ECAM. The master control
processor has responsibility for management of these areas. The scheduling
and dispatching of code blocks to the interpreter is also the responsibility of
the master. The slave is “multiprogrammed , ” in that code blocks may in-
clude “ WAIT ”-type operations which relinquish control , but no preemptio n is
allowed.

The mapping of the logical table structures onto the physical storage is as
shown in Figure 6 . A small number of physical word formats are defined ,
each having a different combination of directory entries. A word may contain
one or more of the directories. The particular packing strategy chosen will
result from a tradeo ff of speed and storage efficiency for a given set of
directory widths and lengths. The choice of a packing strategy is a data base
administration function; changes are expected to occur inf r equently. 

V

Format Tag Packed RecOrdS

i 1 R.T.l J R.T.3~~ _ _ _ _ _  

R.T.3

2 R.T.2 R.T.2 R.T.2 
J 

R.T.2 R.T.2

3 R.T.1 R.T.1 LR.T.2 
_ _ _ _ _  

R.T.2
4 R.T.1 R.T.3 I 

~

.

ECAM Storage Word

Figure 6. Log ical to Physical 
Mapping9
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The ECAM word format s are define d by a set of descriptor tables stored in
the master’s memory. These consist of: (1) a Record Type table listing
attributes of the variou s records (n-tuples) and pointing to (2) Record Instance
Lists describing alternativ e physical placement s of each record type . Finally,
a Field Descriptor Table provides information on the placement of fields with-
in records. Thes e various tables are described in detail in Section 5.

The function of the interpreter is to execute the code sequences received from
the master , including mapping references to the logical data structures int o
references to the physical storage scheme by the use of the descriptor tab les .
This involves creatio n of loops to sequence through mult iple instances of
records and modification of programmer- specified loops to optimize shifting
of the array.

An example of the slave’s language is shown in the example intermediate
language sequence that follows. The program marks that record containing

FOR ALL RECORDS (TYPE 1) DO

FIND (YALUE 1 ,FIELD 1)

PUSH 1

FIND (VALUE2 ,FIELD2 )

OR

MAX IMUM (FIELD3 )

ENDFOR

the maximum value in FIELD3 among those records of type TYPE 1 in which
either FIELD1 contains VALUE 1 or FIELD2 ~~ntains VALUE2. This lan-
guage has the following characteristics :

• It is strictly block-structured and can be interpreted using
a sii~g1e stack.

• The programmer sees the dat a in its relational form . There
may be many instances of “TY PE l” records over which the
operations within the “FOR ” block must be repeated; these
instances may occur in various word formats and various
positions, as specified by the descriptor tables.

• The programmer sees the match memory (Fi gure 3) as a
stack; between operations , these stack s are saved with the
record instances.

10



The ECA M word formats are defined by a set of descriptor tab les stored in
the master’s memory. These consist of: (1) a Record Type table listing

V attributes of the various records (n-tuples) and pointing to (2) Record Instance
• Lists describing alternative physical placements of each record type. Finally,

a Field Descriptor Table provides information on the placement of field s with-
in records. These various tables are described in detail in Section 5.

The function of the interpreter is to execute the code sequences received from
the master, including mapping references to the logical data structures into
references to the physical storage scheme by the use of the descriptor tab les.
This involves creation of loops to sequence through mult iple instances of
records and modification of programmer- specified loops to optimize shifting
of the array.

An example of the slave’s language is shown in the example intermediate
language sequence that follows. The program marks that record containing

FOR ALL RECORDS (TYPE 1) DO

FIND (VALUE 1 ,FIELD 1)

PUSH 1

FIND (VALUE2 ,FIELD2 )

OR

V 

MAXIMUM (F IELD3 ) V

ENDFOR

the maximum value in FIELD3 among those records of type TYFE1 in which
either FIELD 1 contains VA LUE1 or FIELD2 ~~ntains VALTJE2. This lan-
guage has the following characteristics:

V 

• It is strictly block-structured and can be interpreted using
V a single stack,

• The programmer sees the dat a in its relat ional ~ ‘rm. Therc
V may be many instances of “TYPEl ” records over wh L~ - t~. .

operations within the “FOR ” block must be repeated; these
instances may occur in various word formats  and various
positions , as specified by the descripto r tables.

• The programmer sees the match memory (Figure 3) as a
stack; between operations . these stacks are saved with the
record instances.

10



r

V V_

~~~~~~~

V V V V

~~~~~~~~~ 

V~~~~~~~~~~ V~~_ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~-~~~~-

The synt ax and semantics of the intermediate language are completely defined
by the microcode stored in the slave. No part of the language interface has
been hardwired. Rather , the hardware deliberately has been kept general , so
that experience with the operational system can be used to make improvements
in .he master/slave language interface.

The software is structured and its functions divided among the system compo-
nents in a hierarchical manner: the host need not know any details of the data-
base structure or the query language implementation; the master need not know
details of the iterations through bit positions to scan fields; the iteration con-
troller handles these lowest-level details in a predetermined way. By this ,
we feel we hav e succeeded in moving complexities to the lowest possible level,

V 

while simultaneously designing to allow change in all critical areas.

1.4 A PPLICATION ANALYSIS AND PERFORMANCE SUMMARY

V The ECA M workload is largely comprised of two functions , Queries and Up-
V dates. The requirements and performance for each area are discussed below.

1. 4. 1 Query Workload

The SACWA RDANS applications ana lysis in Section 2 of this document charac-
terizes a “high ” query level of 65 , 000 queries per day. We can use the aver-
age load estimated from this query level ( shown in Table 2) to determine the
average traffic at several crucial point s within the ECA M system.

Table 2. Query Traffic
1 65 000Operation 
~Queries/Day

Parameters to transfer to ECAM ‘~ 412 , 000
Bytes of parameters “~‘900 , 000
Searches “-350. 000
Exact match searches ‘-260 , 000
Between limits searches 25 , 000
Greater than searches 65 , 000
Results to be returned to host — 110 , 000
Bytes to be returned to host — 325 , 000

11
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Traffic between the host and master contains three components:

• Search specifications

• Parameter values

• Result values

V Each search specification contains record selection information , search-type
specifications , logical and control specifications , and result routing informa-
tion . This information will require approximately 20 bytes per search. Thus ,
the approximately 350 , 000 searches per day become 7 , 000 , 000 bytes per day
of search specifications .

• Parameter values are 900 , 000 bytes per day , from the applications analysis .
Result values are estimated at 325 , 000 bytes per day. Thus , the total master-

V host t raff ic  is 8 , 225 , 000 bytes per day , or approximately 100 bytes per second.

Array shifting times are another load factor. These can be estimated by com-
bining the parameter shifting times with estimates of the shift times required
to position the memory for each operation.

The applications analysis produced some basic dat a needed to estimate the
array shifting requirements. First , one must consider how many d ifferent
instances of each type of record wilt exist within the formatted words. This
is discussed in Section 2 . Second , one must compute how many bit shifts will
be required to sequence through the implied loops. Third . one must determine
the number of record operations required per transaction (Section 2 , Tables
12 through 16). F inally , one must find the expected query rates (Section
2. 4. 2).

By combining these numbers and reducing the averages to bit shifts per sec-
V 

ond , we find that the ECA M array will be shifting to find or search operands
approx imately 28 , 600 times per second. This is less than 3 percent of the
maximum shift rate. The maximum rate that could be handled during crises
situations is thus 35 times the average demand.

1. 4. 2 Update Work load

Using the applications analysis data in Section 2 , Figure 31, and apply ing
computations similar to those above , we determine the following worst-case
numbers:

• Master-host traffic: 24 bytes per second
• Shifts: 13, 408 shifts per second

Thus , the update workload is approximately 45 percent of the query workload .
Not e that some of the update workload can be deferred during crises .

12
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1. 4. 3 Ho st Operating System Communication Overhead

V At 50 , 000 transactions per day (estimate of the application ’s requirements) ,
the GCOS operating system for an HIS-6080 would spend approximately 70
seconds of processor time per day constructing and handling messages to the
ECAM system. This is approximately 10 times the amount of time required
to transmit the messages between the two system component s, but it is not a
performance bottleneck.

1. 4. 4 Workload Summary

The total average workload requires 125 bytes per second communications
between the master and host machines and 42 , 000 ECAM shift s per second.
This represent s approximately a 5-percent ,or 1-hour-per-day , load on the
ECAM. This result is similar to the one obtained by the original PRC /
ln.formatics study team.

It is important to understand , however , that these figures assume a relatively
idealized system. They should therefore be taken only as an indication that
the ECAM is more than adequate for the baseline prob lem. More detailed
timing information will be available from the simulations which begin the
next-phase program.

1. 5 RECOMMENDED PROGRA M PLA N

The contractor’ s recommendations for ECAM development are summarized
in Figure 7 . The plan is discussed in detail in Section 7 of this report.
Basically , it consists of a two-phase effort covering a period of 3 years and
resulting in an initial 10-million-byte system installed at an Air Force site .

The first phase of the program covers 1 year and has three major outputs .
First , it result s in quantitative data on system performance. Second , it
carries the design work to a point where implementation costs for both soft-

V ware and hardware can be accurately estimated . Third , it includes hardware
development work sufficient to minimize Phase 2 implementation risks . At
the end of Phase 1, then , the government will have complete cost/benefit
and risk information on the Phase 2 effort.

The Phase 1 effort cove rs three distinct areas: performance simulation ,
critical array component development , and storage element work. Of thes e,
the performance simulation work may be separated as shown and performed
prior to the others. The effect of this would be to delay the machine develop-
ment , since the other two areas require 12-month efforts . Also , deferring
the array and storage work would delay the availability of accurate cost and
risk information.

13
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The Phase 2 program , as shown in Figure 7, covers the development andt esting of the initial 10-million-byte system. The baseline packaging approach
allows for expansion of this basic system in 10-million-byte (cabinet) incre-
ment s up to a maximum of 160 million bytes (1. 28 x i0~ bits) .

1.6 REPORT ORGA NIZATION

This report covers three general areas: the baseline requirements, the re-
sulting system design , and the program plan.

Section 2 of the report was provided by Inforrnatics , Inc . under subcontract.
It describes the baseline SACWA RDANS requirements and discusses how the
processing can be mapped ont o the ECAM system.

Section 3 introduces the software structure that is expected to be used with V
the ECAM .

Section 4 describes the register- level structure of the ECAM and includes
V many logic- level diagrams and flowcharts. Following this . Section 5 de-

scribes the details of the way the ECA M is controlled to operate as a data
base machine.

Section 6 describes the mechanical baseline for the ECA M and includes a
V discussion of alternative storage technologies.

Finally, Section 7 present s a plan for ECA~ I development , including detailed• task writeups and a software subcontractor Statem ent of Work.

15
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SECTION 2
SAC WA RDANS SYSTEM REQUIREMENTS

Development of the ECA M design requires a functional specification of ECA M-
related aspects of the SACWA RDANS system. This section discusses the con- V

tent and algorithms for manipu lation of the SACWA RDANS directory data base
as it might appear and be used. The discussion herein is functional and it 

V

avoids discussion of either hardware or software design tradeoffs. Hence ,
the content of the directory data base is discussed , but not its mapping into

V 
associative storage. Mapping strategies are discussed in Section 5. 1.

This section is divided into four subsections. Section 2. 1 contains a para-
phrase of the processing model previously developed and reported by Plan-
fling Research Corporation and Informatics Inc. The conceptual model is V

essentially the same as that developed before. The discussion in Sect ion 2 . 1 V
expands upon the model description, adding foundation information not neces-
sarily known to those unfamiliar with this type of application system. Sec-

V tion 2. 2 discusses the SACWARDANS directory data base , showing its con-
tent and estimating non- overhead storage requirem ents. The content is
described in a relational form as a system user would perceive it. Section
2. 3 discusses the algori thms for maintaining and using the SA CWARDANS
directory data base. These are functionally specified , and specifics result-
ing from particular mappings of the data base into the associative storage V

are not presented. Section 2 .4  discusses reliability,backup, and recovery
requirements.

2.1 SACWARDANS PRO CESSING MODEL

V Previous SAC on-line intelligence systems have been developed to support
cyclic processing on a rnultlday basis , In contrast , SACWARDANS is to
support minute-to-minute ana lysis and reporting of worldw ide events. It
requires that historical data be correlated with incoming events to maintain ,
in near real-time, an accurate and comprehensive picture of what is going

V on in the world and how it affects all SAC forces .

Formulation of the SACWA RDANS mission requirements began several years
ago. It became apparent that the SACWA RDANS required capabilities va stly

V greater than those of previous developments and that the capabilities of
existing hardware/software systems would be a limiting factor in the develop-
ment of the SACWARDANS system. It was hypothesized that some of the new
computer architectures, based on newer techniques , might be applicable to
the SACWARDANS. It was further thought that Inclusion of an associative
processing capability within the hardware/software system for SACWARDA NS
could provide the processing capabilit y required to develop a system to ful-
fill the SACWARDANS mission requirement. A discussion of this was pub-
lished by Planning Research Corporation and ln forrrzatics Inc. in January 1974
In Report WP02 17 . This preliminary report led to a more comprehensive

16
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analysis of the applicability of associative processing to the SACWARDANS
function. The results of this analysis were published by Planning Research
Corporation and Informnatics Inc. in June 1974 in Report WPO234. That re-
port contains a summary of the history of on- line data base development ,
defines associative processing within the SACWA RDANS context , presents a
model of SACWARDANS processing, describes three candidate hardware sys-
tems (two systems with an associative capability and one baseline system
without an associative capability), and contains a performance analysis of the
three candidate hardware systems with respect to the SACWARDANS system.

This section contains a paraphrase of the SACWA RDANS processing model
description contained in WP0234. This description has been modified some-
what to clarify it for readers who are unfamiliar with this type of application
system. The model remains essentially the same. V

The SACWA RDANS system is to operate at SAC headquarters. Analysts using
the system will be located in secure facilities and will be provided with ter-
minals. These terminals may be either CRT or hardcopy devices. The ter-
minals are connected to an application processor. Currently, there are dual
HIS-6080s which may serve as application processors. Initially, it was
hypothesized that only one of the processors would service the SACWA RDANS
application , with the other in use for other purposes. Cutover to the other
6080 would be necessary in the event of system failure. This is a minimal
operational requirement--only one processor with switchover in the event of
processor failure has access to the SACWA RDANS data base at any given
time. Implementation of the hardware system in a manner that precludes V

multiple processor access to the data base is restrictive on system evo lution
V and development. It also precludes functionally shared usage of the associ-

V 
ative system. Clearly, sharing the associative system with another applica-
tion (PACER , for example) is not a functional requirement of SACWARDANS.
It does , however , hav e the potential of enhancing other systems and making

V w ider use of the associative capability.

SACWARDANS has three main functions: 1) accepting input describing the
status of the real world , 2) correlating these input s with historical data to
determine status changes , and 3) analyzing historical data to predict future
status. The processing model concerns itself with only the f irst two functions.

2. 1. 1 Directory Types

In the processing model, the total data base is indexed by several directories.
These directories serve as indices for dat a records which contain additional
information. The directories contain most of the data used in analysis.
Hence , access to the data records is relativ ely inf requent , with most of the
man ipulation being performed on the directories.

The inputs to the system are messages conta ining status or event reports.
An event is defined as an interaction between two or more entities defined as

17
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“organ ization” positioned at one or more geographic positions defined as“locat ions” usually involving “equipment ” where equipments include people.
Organizations , locations , and equipment s are defined to the system. An or-ganization is generally an operating entity. Organization identifiers are en-coded to include both a type for the organization and a unique name. Detailedinformation concerning an organizat ion may be availab le in the SACWARDANSsystem in a disk-based record. This record is accessed by an ID which isunique to the organization. The organization IDs serve as keys which areused in a hashing algorithm to access the disk records.

A location has a fixed geographic position , which is located in a country and ageographic area. A uniform system for ident ifying countries exists. The
ide ntifiers are referred to as country codes. There is also a system foridentifying geographic areas by area codes. A location is necessarily lo-cated in a specific country and a specific geographical area: however , calcu-lation of a country and an area from the location coordinates is not feasible
and is unnecessary in a system such as SACWA RDANS. It is also the case V

that the country code does not always uniquely define the geographic area.
Locations also have names , a unique ID , and a type--which denotes what type
of facility is at the iocation . The ID serves as a key for use in a hashing
algorithm to access an associated disk record for the location.

Equipment records are identified by a name and a unique ID. The ID serves
as the access key to a disk record. Each equipment has a type, such as air- 

Vcraft , and may have a model, such as B52.
The data on organizations , locat ions , and equipment is relatively static .
Clearly, new organizations , locations , and equipment come into existence.
Likewise, old ones can cease to exist or to be of interest . However , suchchanges are infrequent, and there is no requirement to modify the dat a base
on a real-time or near-real-time basis.

V Locations define places, equipments define things , and organizations define
operational ent ities. Normally, an organization operates at one or more loca-tions. The organization als o has various equipment assigned to it , and the
equipment is located at one or more of the locations associated with the organi-zation , Analysts using SACWA R DANS require information defining these rela-tionships. Specifica lly , they need to determine , for each organization , with
which locations it is associated , and the types and quant ities of equipment it
has at each location. Access by location to determine organizations and equip-
ment is also required , as is access by equipments to determine locations andorganizations.

The SACWARDANS system receives messages from external sources which
report status and events. The volume of messages will vary , reflecting the
level of world activ ity pertinent to the SACWARDANS mission. The messages V

are retained in the SACWARDANS data base. As messages are received , theyare examined by analysts who prepare event records from them. A message
may report multiple events , and a single event may be reported in severa l

18
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messages. An event is an occurrence usually involving organizations , loca-
tions , and equipment and occurring at some time or times. The type of occur-
rence is encoded as an activity code. Also of interest to analysts working with V

events are geographic area , country code , and environment. All of this in-
formation is structured by the analyst , working on- line , into an event record.
The event record is added to the data base. The validity of all the IDs (organi-
zations , etc.) and codes should be verified prio r to recording in the data base .
Since there are multiple messages reporting some event s, it is possible that
two event records could be prepared for the same event . Hence , the system
should attempt to locat e potential duplicates. If the system detects any event s
which may be duplicates , the analyst is requested to resolv e the problem.

Messages and events are added to the data base as they are received and con-
structed. They remain in the activ e data base for one or more months. Cur-
rently, the criterion for retirement of data from systems such as this is
antiquity. Usually, a purge algorithm is used which always purges old dat a
after “n” days or which purges the oldest data as space is required for incoming
data. Typically , this type of criterion is used because of its simplicity, not
necessarily because it is the best. Use of other criteria requires an analysis
of what criteria are appropriate and a determination of how to mechanize the
application of the criteria. The costs of the analysis and of the mechanization
of the choice may preclude its development . The availability of an associative
device , plus the research now going on in the adaptation of data base manage- V

ment systems to hierarchical storage systems , may change the costs and thus V

make it more f easible  to use purge criteria other than antiquity. If an
antiquity-based purge algorithm is used for SACWARDANS , then it may be
necessary to retain messages and events for a period as long as 180 days to V

perform sonic types of historical trend analysis . V

2. 1. 2 Processing Operations

As incoming events are received and entered into the data base , they are cor-
related with previously entered event s. These correlations are used by the
analysts to ident ify short-term d isturbances to act ivity patterns. Changes in
levels of various types of activity are indicators of arising situations relevant
to SAC affairs. Longer-term trend analysis is conceptually similar and is V

used to identify trends in activ ity patterns.

In its simplest form , correlation analysis consists of counting the number of
event s meeting specified criteria w ithin a span of time. An example would be
to count all those event s which occurred within the same hour , the same V

environment , and the geographic area and with the same activity code as that
of the event being correlated. This correlation may be modified by requesting
a count of the number of equipments involved in the identified events. For V

example , the first  correlation would count the number of event s involving
aircraft takeoff s, whereas the second correlation would count the number of V

aircraft taking off . The results of these count s may be compared with thresh-
old limits which trigger reports to analysts and/ or other actions .
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As new events are added to the data base , the application program selects a
predefined sequence of correlations which is to be performed. The selection
process is a function of the type of activity. The sequence could contain de-
cision points (e. g . .  branches) which depend on values determined up to that
point . For example , additional correlations might be performed if initia l
correlations result in values out side of threshold limits . Analysts may dev elop V

special sequences of searches which are evoked automatically or which may
be retained for execution upon request--that is, their execution is not triggered
by creation of a new event. These specia l sequences are similar to those trig-
gered by addition of events.

The correlation procedures currently in use are fairly simple sets of
searches , with the result ing values being compared w ith threshold limits.
This is done by using summary tables containing running count s of various
occurrences. This type of mechanization is feasible on existing hardware but
does not offer the opt ion of performing ad hoc searches. Current searches
are certainly constrained by the availab le computing equipment.

It would seem desirable to be able to extend the correlation concept to examine
the trend . This may be done by a succession of searches spanning several
intervals of time. Results of this type could be returned to the analyst in
numerical form or in a graphic display.

2 .2  SVACWARDANS DIRECTORIES DATA BASE

The SACWARDANS directories require processing which can be easily done on V

a system w ith an associative capability. This fact , coupled wit h the response
requirement s and extent of processing, has resulted in development of a pro-
cessing model in which the directories are stored in associative storage . The
longer records which the directores index are retained on disk from which they
may be accessed when required. The directories include sufficient data to
permit most trend and correlation analysis to be performed against the direc- V

tories without reference to disk-stored data.

This section describes the content and non-ove thead storage requirements of
the SACWARDANS directories data base. The content is described in a rela-
tional form as a system user would perceive it. (A non-associative implementa- V

tion would require some type of structural overhead to reduce brute-force
searching.) An associative implementation uses representation similar to the
relational form used in the description , but with some overhead for record
identification, work space . and so forth.

2. 2. 1 Directory Content

The data content and record organization for the SACWA RDANS directory data
base was previously described in PRC/In.formatics’ Report WPO234. This
description has been rev iewed. There are some modifications which have been
incorporated in the descript ion provided here. These changes are minor and

20



do riot alter the conc epts--only details. The description of the data base
should be viewed as typifying the SACWARDANS directory data base require-
ment , not as an exact descript ion of the data base content and record
organization.

There are six indexes in the directory data base. They are:

• Equi pment index ,

• Organization Index ,

• Location Index ,

• Message Index ,

• Event Correlation Index

• Location/Organization / Equipment Correlation Index.
Each of these is described and discussed in the paragraphs that follow.

2 . 2 .  1. 1 Equipment Index -- The equipment records describe kinds of equi p-
ment which are relevant to the SA CWARDANS mission , The equi pment rec- V

ords , which are stored on disk , are in dex ed by the Equipment Index . It is
anticipated that the Equipment Index would be stored in the ECAM. The index
contains four items: equipment name, type, model , and an equipment ID.
The name is an alphanumeric name of up to 18 characters. A lphanumer ics
require six bit s per character because the computer on which the application
programs operate uses a six-b it representation. It is likely that the repre-
sentation will eventually change to eight bits per character. The type describes 

Vthe kind of equipment (e. g. , aircraft) ,  and the model defines a model within
type (e. g . ,  B52) . The equipment ID is a unique identifier , w h ich , when used
as a key in a hashing algorithm, results in an access address for the equipment
record. Table 3 lists the items in the Equi pment Index and the nurr iber of bits
each is expected to require ,

Table 3. Equipment Index

B itsContent Required
Equipment name 108

Type 36 
V

Model 36
Equipment ID 36

Total 216
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2. 2 . 1. 2 Organization Index -- The organization records contain data defining
organizations. Organizations are operational entities which may have equip-
ment assigned to them , be assigned to one or more locations , and participate
in event s. The organization records are listed in the Organization Index. The
index contains the organizat ion name , a unique ID , and a type. The name is
alphanumeric with up to 38 characters. The ID is transformed via a hashing
algorithm and is then used to access the corresponding disk record . The con-
tent of the Organizat ion Index and its anticipated bit requirements are shown
in Table 4.

Table 4. Organizat ion Index

Content Required
Organization name 228
Organization ID 36

Organization type 18

Total 282

2 .2 . 1. 3 Location Index -- The location records describe places. These ma~’ ,
for example , be air bases. The records , which are stored on disk , are
indexed by the Location Index . Each entry in the Locat ion Index contains the
name of the location (up to 38 alphanumeric characters) and a unique ID. As
is the case with the other indexes , the location ID serves as a key which , after
transformation in a hashing algorithm , serves as the relative address of the
corresponding record on disk . The Location Index also specifies the type of
facilities at the location.

The remaining items define where the location is. The coordinates define its
location on the earth. The country code specifies the country in which it is
located. The geographic area specifies the area in which it is located. The
coordinates uniquely determine the country and area. However , the conver-
sion from coordinates to country or area is not simple. A country may be
split with parts in different areas. Areas usually span many countries or
parts of countries.

Table 5 lists the content and anticipated bit assignments for the Location Index.
V 

2. 2. 1. 4 Message Index -- The Message Index lists the messages which are
received and , after processing , stored on disk. Each message has two num-
bers assigned to it. One number is assigned by the originator and is trans-
mitted with the message . The second number serves as a unique ID which is
used as a key that is transformed into a disk address for access to the mes-
sage . Messages also have two times associated wit h them. The fir st time--
date , time , group (DTG)--specifies when the message was sent; the second
time specifies when It was received. The remaining items specify who sent
the message and its precedence. Table 6 lists the items and anticipated bit
assignments .
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Table 5. Location Index

BitsContent Required

Location name 228

Coordinates 90
Type 30

V 

Locat ion No . ID 20
Location country code 12

Location geographic area 18

Total 398 V V V~~
V V

~~~~

________________________ V — 1

Tab le 6. Message Ind ex V

Content 

~ LR~~ed
Message No. ID 20

Receipt DTG 40
Message precedence 12
Originator ID 72
Transmit DTG 40

Originator message No. 22

Total 206
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2. 2. 1. 5 Event Corre lation Index -- The Event Correlation Index entries are
created by analysts working at consoles. Thus, these entries do not index
disk records but rather record events that have occurred. More extensiv e
event data could , however , be structured into records which are stored on
disk and accessed by key. The Event Correlation Index entries refer to mes-
sages , locations , organizations , equipments , and times. The messages are
those which reported the event. The locations , organizations , and equipment
are those connected with the event . The times are start and stop date time
groups (DTG).

The remaining items specify activity, environment, country code, and geo-
graphic area. The activ ity refers to the type of event . Env ironment , country
code , and geographic area are items used as terms in correlat ion ana lysis.
Table 7 lists the Event Correlation Index items.

Table 7 . Event Correlation Index V

BitsContent Required

Eve nt No . ID 20 
V

F irst message No. ID 20

T’~’is message No. ID 20

Start DTG 40

Stop DTG 40 
V

Start location No. ID 20

Stop location No. ID 20
Equipment ID 36
Equipment count 12
Initiating organization ID 36 V

Rece iving organization ID 36
Environment 6

A ctivity 6

Geographic area 6
Country code 12

Total 330
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2. 2 .1 .6 Location/Organization / Equipment (L /O /E )  Correlation Index -- The
L/ O/ E  Correlation Index contains an entry for each type of equipment assigned
to an organization at a specific location. A location may have multiple organi-
zations assigned to it. Likewise , an organization may be assigned to multiple
locations. Each organization may hav e several types of equipment dispersed
in various ways to the associated locations. The L/O/ E def ines all of these
relationships , including the quantities of equipment involved. Table 8 lists the
content of the L/O/E Correlation Index .

Table 8. L/ O/ E  Correlation Index
BitsContent Required

Locat ion No. ID 20

Organization ID 36
Equipment ID 36 V

Count 12

Total 104

2.2.2 Directory Sizes

The size of the directories , exclusive of overhead , has been estimated arid is V

shown in Table 9. The number of entries of each type has been retained from
the prior study. Deviations from these values are probable, hut these are
reasonable estimates. The number of messages and events is based on an
average of 3000 messages per day, with an average of one event per message,
and retention for 180 days in the ECAM array. The size of the entries is based
on the record contents shown in Tables 3 through 8. Record sizes are rounded up
to eight-bit bytes. Eight-bit bytes are used as the unit of measure because
discussions of ECA M architecture have used the eight-bit type. This should not
be confused with the use of six bits for encoding of alphanumeric data.

2 .3  DIRECTORY ALGORITHMS

The SACWARDANS application requires algorithms for maintaining the direc-
tories data base , for performance of trend and correlation analysis , for storage
management , and for restoration of the directories data base in the event of
failure.  Maintenance of the directories data base refers to the addition , modi-
ficat ion , and deletion of directory entries . This represents a significant  com-
ponent in system workload , with most of that component being maintenance of
the message and event indexes. Trend and correlation analysis supports the
near-real-time analysis activities of the SACWARDANS analysts. This is the
largest single component of system activit y, overshadowing all others. Stor-
age management consist s of those func tions which are typically called system
housekeeping: initializing formats , reapportioning the allocation of space to
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Table 9. SACWARDANS Data Base Size (Bytes of Data Only)

Directory J 
En

~~Y
b
Siz7.~, BYtesJ Number of Entries

Equipment Index 27 1,000 27 ,000

Organization Index 36 5 , 000 180 , 000

Message Index 26 540,000 14,040,000

Location Index 50 5, 000 250 , 000

L/ O /E Correlation 13 30 , 000 390 , 000
Index

Event Correlation 42 540, 000 22, 680, 000
Index

Total Data 194 1,121,000 37.567 ,000

different types of entries, and so forth. This represent s a very small portion
V of workload and is one which normally occurs when the system is not busy with

other tasks. Restoration of the directories data base must be done rapidly.
This infers that it cannot be done by reprocessing of disk-stored records.
Hence , a backup to the associative storage must be provided by hardware /
software means.

This subsection contains flowcharts and explanatory t ext for algorithms re-
quired for maintaining and using the SACWA RDANS directory data base.

V These are functionally specified, but modifications resulting from particular
mappings of the data base into the associative storage are not presented . as

V they are handled within the slave.

2. 3. 1 Maintenance of the Directories Data Base

The SACWARDANS application requires algorithms for posting new entries
Into the indexes , deleting entries no longer required, and modifying ex isting

V entries.
The L/ O/ E  indexes are relatively static. Hence , they do not impose any sig-
nificant workload. The algorithms for adding , deleting , and modifying them
are simple and not time-consuming. The L/O/E Correlation Index is also not
expected to Impose much of a workload, and, again, the algorithms are rela-
tively simple.
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The Message and Event Corre lation Indexes require extensive update act iv ity
V each day. The volume of new entries is such that a purge procedure must be

operated on a regular basis so as to avoid memory saturation. Further, each
event entry will trigger execution of standard correlation analysis procedures.
Hence, the total activity associated with message and event processing is
substantial.

V 2. 3. 1. 1 Maintenance of L/O/E and L/O/E Correlation Indexes -- The algo-
rithms for maintaining (adding , modif ying , and deleting ent i~Tès) the L/ O/ E
arid L/ O/E  Correlation Indexes are simple , simila r to each other , and infre-
quent ly executed. Flowcharts , at a functiona l level , are provided in this sub-
section, The flowcharts also show which major system component(s) are
expected to perform each function of the algorithm. The flowcharts are further
explained in the text. Because the algorithms are similar for each of the
directories , the explanatory text in each case discusses aspects of the algo-
rithm which differ from previous explanations.

2. 3. 1. 1. 1 i\Iaintenance of the Locat ion Index -- After the Location Index
V has been initially loaded , it is necessary to be able to add new entries , delete

obsolete entries, and modify existing entries. The add new entries procedure
can also be used for initial loading of the index.

Figur e 8 is a functional flowchart for Add Location. The steps are as follows:

1) The entry to be added is constructed by an analyst or perhaps
a designated system manager or data base administrator. The
originator may directly prepare the Location Index entry or
may prepare a longer record which is to be stored on disk. If
the originator prepares a longer record , an application program
will subset it to prepare the index entry.

2) The app licat ion program receives the entry from the originatorV and assigns a unique ID to the entry.

The next step is to edit the entry to verify its consistency and
to determine that it does not duplicate any other entry in the
Location Ind ex . The applicat ion program specifies what check s
are to be made and directs the searches of the Location Index
and several code lists. The associative system performs the
searches. The edit procedure is mostly self -explanatory.
Duplica te names , coordinates, and ID are not allowed. The

V remaining edit checks validate that the encodement s for location
type, country code, and geographic area are valid codes. The
number of entries in these code lists (as well as several other
similar lists associated with other indexes) is small. The re
may be as few as five to 10 entries or , in the case of country
code , a few hundred. These code validat ion edits are easily
mechanized within the application program but are naturals for
associative search, Hence , the code lists will undoubtedly be
recorded in the associa t ive storage in otherw ise wasted spa ce .
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3) If any of the edit checks fail ,  then the originator is notified .
The report sent back must indicate which edit checks failed.
The originator may abort the entry or correct it .

4) If the edit is successfully completed , the application program
directs the ECA M to locat e an empty space assigned to the Loca-
tion Index and then enter the entry. The marking which indicates
the busy/not busy state of the space must also be updated.

5) Finally , a backup copy must be recorded for use in the event of
system failure.

Figure 9 is a functional flowchart for Modify Location. The reques tor s pec i-
fies the ID of the location to be modified , The application program directs the
ECA M to search the Location Ind ex for the location and to return the entry to

V the app lication program. The entry is then displayed to the requestor who
enters the modifications . The modification is then recorded in the Location
Index by executing the algorithms for Delete Location and Add Location.

Figure 10 is a functional flowchart for Delete Locat ion. The requestor speci-
fies the ID of the location to be deleted . The application program directs the

V ECAM to search the Location Index for the locat ion wit h that ID. If it is found ,
the entry is deleted and the space occupied by it marked not busy. The dele-
tion is logged on the backup copy record.

V 2. 3. 1. 1. 2 Maintenance of the Organization Index -- After  the Organiz a-
tion Index has been initially loaded, it is necessary to be able to add new V

entries , delete obsolete entries , and modify exist ing entries. The add new
V entries procedure can also be used for initial loading of the index .

Figure 11 is a functiona l flowchart for Add Organization. The operation of
Add Organization is structurally similar to that of Add Location. Only the

V specifics of the edit checks vary.

Figures 12 and 13 are functional flowcharts for Modify Organization and Delete
Organization , respectively . These algorithms are essentially identical to the
corresponding algorithms for the Location Index .

2. 3. 1. 1. 3 Maintenance of the Equipment Index -- After the EquipmentIndex has been initially loaded , it is necessary to be able to add new entries ,
delete obsolete entries , and modify existing entries . The add new entries
procedure can also be used for initial loading of the index .

Figure 14 is a functional flowcha rt for Add Equipment. The operation of Add
Equi pment is structurally similar to that of Add Location. Only the specifics
of the edit checks vary.
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Figures 15 and 16 are functional flowcharts for Modif y Equipment and Delete
Equipment , respectively. These algorithms are essentially ident ical to the
corresponding algorithms for the Location Index .

2. 3. 1. 1. 4 Maintenance of the L/ O/ E  Correlation Index -- After the
L/ O/E  Correlation Index has been initially loaded , procedures are r equired V

for adding new entries , modifying old entries , and deleting obsolete entries .
These may also be used for the initial data base loading.

Figur e 17 is a functional flowchart for Add L/ O/E.  It is similar to those for
locations , organiz ations , and equipment .

Figures 18 and 19 are functional flowcharts for Modif y L/ O/ E  and Delete
L/ O/E , respectively. These are similar to those for locat ions , organizations ,
and equipment , except that the requested entry can only be uniquely identified
by a combination of the three IDs for location , equipment , and organization.
Hence , all three must be specified by the originator .

2. 3. 1. 2 Message and Event Index Maint enance -- Event records are created
by ana lysts at terminals . As messages are received , they are displayed to an
appropriat e analyst. The analyst may review several messages before an event
is formulated. It is also possible for a single message or a group of related
messages to result in the creation of several event s. The process of creating
an event is an application progra m function which does not req u ire ECA M
processing.

When an event has been created , it is then added to the ECA M Event Index .
The steps in this process are:

1) Construct the event.
2) Assign event number ID.

3) Edit the event .
4) Search for possible duplicate events.
5) Locate an empty Event Index record.
6) Write the Event Index record in the ECA M array.
7) Prepare backup copies of record for recovery use.

Figure 20 is a functiona l flowchart for Add Ev ent . All of the steps , except for
those associated with duplicates , are similar to those used in the add pro-
cedures for locations , organizations , and equipment. An analyst can construct
a dup licate event if it is reported several times by incoming messages. The
system can detect possible duplicates but cannot positively identify them as
actual duplicates . The search for possible duplicates requires locating any
events that occurred at approximately the same time , involving the same loca-
tions and organizations in the same type of activity with the same type of equip-
ment . This involves a simple search of several fields in the Event Correlation

36

- -  ~~~~~~~~~~~~~~~~~~~~~~~~ V _ V V  V~~~~~~ V _~~~~~~~
V V V~~~ V V I V V



V _V_V VV V V V V V V _ V V - VV V _~~~V V__ __
~VV ~~~~~~~ -VV_VV V V V _ V~~~~_~~ VV~~~V V_ V -V _ V V _ _V _ V V VV~~~~~~~~ VV ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

V
-n,

~~~~~~~~ aP’

- V V D Op
° V

.1°

~~~~~~~~ p,

H

— V

I C V ~1C De l e Te

1 -•

V ‘-c T~

V V

Figure 15. Modify Equipment

37

V V~~~~~~~~~~~~~~~~~~~
V_ V~~V~~~~~~~~~~~~~~~~~~~~~



~~~~~~~~~~~~~~~~~~~~~ V~~~~~ V r 
~~~~-V V - V~~ _ V V V  V~~~_ V V  

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ _- V -V

Delete
£ qu i pme n t

Anal yst at
Termi nal

Specif y ID of
Entity To Be
Deleted

4
App. Program
Directs ECAM

Search Equipm ent
Index for
Specified ID

H
Zero Ent ry  and
Mark Not Eus~

4 V

A pp. P r o q r a V  and
Or ~IA’V

Backu~ Co py En t n ,

4
Te~~~ina te 

V

Tr an~ y:~~ion

Figure 16. Delete Equipment

38

V -V -~V_V_V V V .~V ~~~~~~~~~~~~~~~~~~ ~~~
V _V~ 

V



- - V~~~~ V V~~~~~~~~~~~~~~~~~~~~~~
V V _ V V • V~~~~ 

V - _  V V V _ V  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

JF

J E

ly . i 3 t ~ in P ~Va ~ V in O VA  3i I n  t o  ~ V OJ0 poo  n.~
to ,’ ~o V m s  a’e Aetarned to A n a . , s (

L a 0 e. as - .s
3 ‘a- ocat on linde . ‘ in à~ on V a i n O e i n  0 .

nOt .~i is  el t ~ài lan e

- a . a’ 3 in O in sinleint ‘len ‘ r CiulOfi ent in~Jnber :‘.V
~~ V V~_ V _ O  in t ‘ a ind is e o ’ t  (a V l .re

~ 3~Td~~~~t~ 3~’ m ien for roan oat in camber

Ac cord 
ID , not ‘ound is edit  f a i l u re

:; -
~~~~ 

~:~; ::.

~ 
___________ 

___________________
_____________ a 8~V 32 PCO’l

(

~~~i n s a c t

V V

~~~~ V inP ti I AJ~

:~~~~~.. ~:

?‘ 1V ~ V 1 - OP

Figure 17 . Add Location/Organization/Equipment

39

V _ V  -V -~~ -- 
---- V



V ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -~~~~

L~D

~~~~~ V::

’

~
V. 

i

1

1: • V~~~

Figure 18. Modify Location/
Organ ization/
Equipment

40

— V V  V V V V V V V~~~~~ _V
VV ~~~~ _ V _ V _ V~~~~-V ~~~~~V 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ 
-

~~~~



-_V ~~ V V V _~~~ V _ V V _ V ~~ -- V~ VV VV V V~~~~~

Delete
L/O/E

4
Analyst at
Terminal

Specif y ID Com-
bination (Loc.
Equip., Org.) of
Entity To Be
Deleted.

4
App. Program
D irec ts ECA M

Search Index for
Speci f ied ID
Combination

pp -

Application NO Prog.
V Prog ram D irects EC AJ4

Entry Found
Notif y Analyst

YES

Transaction ~~~ ct~~~~~
m

Zero Entry and
Mark Not Busy

4
Ap p. Prog ram
and/or ECAM

Backup Copy
Entry

4
Terminate
Transaction

Figure 19. Delete Location/OrganizatiOn/
Equipment

41

_ _ _  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



I,e r t

Ana l yst at
T erminal

4 Const ruct
Event

A p p .  Pro~ rair
on 6080

A s s ~gn
Event
Sumber ID

222 ocat i o n P’-oi’ i ’  on €~ d d i r e c t s  [CO°  Pr oce os ic o E d m o  0 a V
a _ CS A ’C

V 
O E I V V in PC to Ana ’ 1s’.

E D i t  E~~e r t as 0 2 1l0W 5

• Sea—c nie ssaqe m dcv ‘ c m 1st nmessaoe nambe ’- ID n~~ foun i it e l - I  a d -

• Sea ’ce niessaoe m dc, ‘çr 2nd ‘vess aoe number no t ‘Ound is el I ‘a a ’-O
• Sea ’-c’ lc ~~ t i O r  m oe. ~o -  1st loc atior injeDe- IO V nOt ‘Oa i n D V e l - I  fà~~~~inP

• Sen c t o c a t i o r m dcv ~c 2nd locat,on numb ein 1E V in It OV ind ed it ‘a a rC

• Searo’ £o~o~ein~. m dc. ‘Or e l , onmerV t number ID ,  nIt ‘Oain l is  e c - t  ‘a - l a ’-e
• Sea ’c ’ Or~~a I 2 a t l O r ,  m dc. 3r lo t  o rgan iza t i o r  number ID nct f Oa ’~ is

e d t  ‘ a ’ ~~a ’P

• Sea—c ’ o_ c a_ zat or m dc. v VV r V
~i n V  o ia ri zat ,or n umber I D . not ‘Oa ml l 5

C I I  ‘0 V ’€

• Sea— c r Ein ~ 
- ‘Oin”le t ~~lVj~ m st ‘0— er~~~ror im- e nt  cod a , not ‘Oain  15

V c o t  ‘a’ ~‘E
_____________________ • S e a— o ’ -  v c t i V t i  lOOP l i S t  ‘0~ a c t .’ t v  co de. ‘I ’ D  5 e D - I  ‘~

A n a ly st at • Seance coV ct~~, ccle h i t  ‘0’ C I V ~”t ’ V code . nd ‘O ’ - l  i s e di t  fa l a re
• Scarce qeo q ’ao - oa a—ca Code ‘St f~~ r ACOO dO I ld area Code , not ~ 2a~

V V

___________________ is ed- I ~~~ , -~

:oreect Event 
C miec ~ sta’-t ti ’- e — 

St Ol  tine 
— 

ca rl-cIt t’’e

°e :ord

em~a 

;~::;P;;::::oui 
},

~~4
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A ppl i cat ion Program on 6080 Directs £CW4 Processing.
Duph~ atCs are Returned to An el y~t

Searc h for possib l e dup li cate events as follow s :

• Searc h all event index records to find if

V A t locat ion and 2nd loc ation are the same as
t hose of event .

V 1st organi zat ion and 2nd organization are t~se
same as thos e of eve nt ,

Acti vity is time same as that of event ,
Equ ipment is the sa me as t hat ~f event .
Star t  time is Ike same as that of cvent delta .
Stop time is the same as that of event de l ta,

All e vents meeting all of these condition s are
potentiall y dupl i ca tes .

6080 A ppl ication App.
Abort 

A pp. Program YES Proq.2r og .
____________________ 

Directs ECA ~~ 
Vermm nate 

~~~ Dis p lay °ossi ble Possible• ~~~~~~~~~~~~~~~ °ost of Abort
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-c Program App
in m V 0 0 0  CCA ~ SO Prog .

Direct s ECAI4 V
°eturn to App. Space V
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Figur e 20. Add Event (Concluded)
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Index. All but two of the searches are exact match searches. The remaining
two fields are searched with between limits searches. Possible duplicates are
sent to the ana lyst who decides what to do.

Messages are retained on disk. An index of the messages is retained in the
directory data base. A procedure for Add Message is shown in Figure 21. It
is similar to those for the other indexes.

Messages and events are added to the indexes at a rate of several thousand
(an estimated average of 3000) per day. Those that are no longer needed must
be retired (purged from the active data base) on a regular basis; otherwise ,
the activ e data base would become saturated. As discussed in Section 2. 1, the
commonly used criterion for select ing entries for purging is age. A purge
algorithm based on removal of all entries older than a selected time is shown

V in Figure 22. This algorithm coordinates removal of messages and event s so
V that any events in the Event Correlation Index refer to messages which are
V still in the Message Index.

The steps shown in Purge Itmvlessages and Event s are:

1) The system manager requests that messages and events
older than a specified time be purged from the active data
base. An auto matic procedure could be used (e. g . ,  once
a day or once a week purge a day ’s or week’s worth of data).

2) The application program directs the ECA M to locate all mes-
sages with a DTG older tha n the specified time. These are
marked for retrieval.

3) Each of the marked messages is processed in turn. Its ID
is obtained . The ID is then used as a search argument to
locate all eveflt s which refer to the message. The events
and message are then deleted. The backup records are
similarly updated.

4) The procedure terminates when the last marked message
has been processed .

2. 3. 2 Trend and Correlation Analysis

Whenever a new event is created , the 6080 applicat ion program will automatic-
ally select and execute a prespecified sequence of searches. This process and
also the process of specif y ing search sequences are implemented entirely in
the application programs. Hence , ECA M activ ity is not involved in these
functions .
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Analysts may develop special sequences of searches which are evoked immedi-ate ly or which may be retained for execution upon request; that is , their execu-tion is not triggered by creation of a new event . These special sequences aresimilar to those triggered by addition of event s.

The correlation procedures currently in use for SACWARDANS are fairlysimple sets of searches , with the resulting values being compared with thresh-old limits . It appears likely , howev er , that more elaborate procedures might V

be dev eloped once the ECAM is availab le and the analysts become aware of thepotential power of the device. Current procedures are certainly constrainedby the available computing equipment .

The current correlation procedures use summary tables containing counts ofvarious occurrences. This is not the most suitable approach for ECA \Iimplementat ion.

The following are examples of correlation queries:

• How many events with activity-type ‘ value” have occurred inthe last “value ” hour s in geographic area im value f ‘ and with
country code ~m value~i and in environment “value ’?”

• Is the number of events with activity-type “value ” which have
occurred in the last “value ” hours in geographic area “value”and with country code “value ” and in environmental “value ”
greater than the threshold “value?”

• How many events with activity-type “va lue ” or “value” or“value ” hav e occurred in the last “value ” hours in geographic
area “value ” or “value” and in an environment between “val ue”
and “value?”

Figures 23 , 24 , and 25 are functional flowcharts of these three correlat ionqueries.

It is estimated that typical event s would trigger a prespecified series of cor-relation queries containing approximately 13 queries , each of which is aboutas complex as those listed above .

The above-mentioned queries give typical search sequences . The~’ do not fu l lyrepresent the types of responses the analysts want to receive . The responsepatterns which have been identified are:

• How many responders are there ”

• Does tLc number of responders exceed a threshold “value ’”

• How many items of equi pment are referenced in the
responders? (This is the sum of the equi pment count field
over all responders., )
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Search Event Correlation Index for all Events :

• Ac t i v i t y  type “ v a lue 1 ,”

• Geogra phic area value 2,’

• Country code “ value 3,”

• Environment = “value 4,” and
V 

• Start DTG ’ “value 5. ”

For all ev ents , meeting requirement set as
responders.

Count Responde rs;

Call it Count Value .

Return to Applicat ion

Program. Count was
“Coun t Value .”

Figure 23. First Sample Query
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Search Event Correlation Index for All Events:

• Ac t i v i t y  type = “ va lue  1 ,’

• Geographi c area “ value 2,’

• Country code = “ value 3,” V

• Environment = “ value 4 ,” and

• Start DTG > “va lue 5.’

For a l l  events , meeting requirement set as

Re sponde r

Count  Res pon ders ; 
V

Cal l  It Count  V

Val ue

Difference =

Co unt Val ue -

lThresho ld

Return to Appl ica-
t i on Program .
Threshold was not

Difference

Return to A pp lica
tion Program.
Thresh old was ex-
ceeded by “Diff-
erence .” Count of
Responders Was
‘Count Value .”

Figure 24. Second Sample Query

49 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



Search Event Correlat ion Index for A l l  Events :

• Activity type = “value 1” or “ value 2 , ’

• Geographic area = “val ue 3” or “value 4 ,”

• “Val ue 5” <Env i ronment < “ va l ue 6 ,” and

• Sta rt DIG ‘“value 7. ’

Fo r all events , meeting requirement set as

responders.

rCount Responders;
Call It Count
Val  ue

Difference =

Count Va lue -

Threshold.

Return to Applica-
ti on Program. NOThreshold not Difference ‘0?
Responders was 

YES

Return to Appl i ca-
t i on Program .
Threshold was ex-
ceeded by “Di ff-
erence .” Count of
Res ponders was
“Coun t Val ue .”

Figur e 25. Third Sample Query
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• Display the responders.

• Display the f irst  IN1? responders.
V 

• Display the f irst  “ N ” res ponders and be able to disp lay
another group of responders if there are any.

• Display the next group of ii

N
li  responders (a fol low-on to

the above).

• Inc rement a field in the responders (to keep an activity count ) .

Fi gures 26 through 36 show typical segments that could appear in a correlation
query . Figures 26 and 27 i l lustrate possible first  segments in a query (e . g . ,
the search component). Many varia t ions of the search component will exist
providing for different  combinations of search elements. Figures 28 through 36
show segments which can log ically follow a search segment . Under some
con dit ions , the segment s can cascade on each other . F igures 37 through 40
show typ ical queries with various opt ions for re turn to the ana lyst .

The correlation queries discussed above are simple with respect to t ime.
They count , sum , and display occurrences in a single t ime interval. The
term trend analysis g ives rise to the concept of performing these queries
over multiple time intervals . Thus , one could cr eat e a dis play t o answer the
following question:

What is the average number of events with activity type “value” or
“val u e” or “va lue , ” in geographic area “value ” or 1T val ue , ” and in
an env i ronment  be tween “value ” and “value ” that have occurred per
hour in each of the t ime periods : last year , last six months , last
month , last week , last day, and last hour ?

This query would result in a bar graph with an entry fo r each of t he six defined
time periods. Such a graph would show the activ ity trend as well as current
ac tiv ity. Figure 41 contains a functional flowchart for this query , and Fig-

V ure 42 shows what a sample display might look like .

2.3.3 Work load

The dominant factors in system workload are the maintenance of the Message
Index and Event Correlation Index and the performance of trend and correlation
analysis . These functions are also time- sensitiv e and need to be performed
in near-real-time.
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Sea rch Event Corr elation Index for All Events:

• Activity type = “ v a l u e  1 ,”
• Geog raphic area = ‘ va lue  2 ,’
• Coun try code = ‘ value 3 0

• Environment = value 4,” and
• Start DIG > “ value 5.” -;

Fo r all  even ts , meeting requirement set as responders . V V

Fi gure 26. Simple Search Segment

Search Event Correla tion Index for All  Events:

• Activity type “val ue 1 , or “ val ue 2 , ’ V

• Geog raphic area = “ v a l u e  3 ,“ or “ value 4, ’

• “Value 5” ~ Environment < value 6 ,’ and 
V

• Start 2TG ‘“value 7. ”

For all events , meetin g requ~ rernent set as responders.

Figu re 27 . More -Comple x Search Segment
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I
Count Responders ;
Call it Count
Value .

Return to Applica
tion Program.
Count was “Count
Val ue .” 

V

Fi gure 28. Count Responders Segment

Count Responders;
Call It Count
V i a l  je.

2ifference =

Cou nt Value —
I h re s ho 1 d.

Return to A pplica-
tion Program. NOThreshold Wa s ~ot
ExCeeded. Count o 

Difference > 0?

Return to A pplica-
tion Program .
Thresh old was Ex-
ceeded by “Diff-
erence , ” Count of
Responder s Was
“Count Value , ”

Figure 29 . Count Responders Exceed Thresho ld Segment
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V Obtain An alog
Count of Respond-
ers ; Cal l  it
rount Value

Return to Appli-
cation Program .
Anal og Count was
“Count Va lue .”

4, 
V

V 

Figure 30. Analog Count Responders Segment

Obta i n  A r a l o q

Count of Respono-
ers;  Ca l l  - it
Co unt Va ~~ e .

Di f~ere nc e~Cc. ~n t  ~ai~ ’~- —

T’~resr~’ld .

Return to Ao~lica .
t ion Program.

: 
NO Di f ference

Return to A pp Hca
t ?Ofl ~r (~ ~~~ V

T , i r e s ho l d  ~‘s e -

V~~~~
V Vj f ~~ t~~,V V~~~~~~4 f

er e ’ ~~~ t- V ” A C~~~~
V,

V
V V

V~ , :  ~~~

ers = ,  Coa ’

4’
Figure 31. Analog Count Responders Exceed Thresh3ld Segment
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Sum Equipment
Count for All
Responders ; Call
it Sum Value

4’
V Return to Applica .

t ion Program.
Sum Was Sum
Va lue . ”

Figure 32. Sum Field Segment

Sum Equipment
Count for All
Responders ; Call
it Sum Value

4’
Difference =

Sum Value
Thresho ld

Return to A pp l i- 

1

cation Program. 
~~~~was rot Difference ‘ 0 ?

~as ‘ Sum Va lue .” 

Y E S

~e t u r n  to Ap pl i-
i l t  ion Pr(~V : r V ~ fl
m n r e s b o ld  ~
ed by D i f f e r o n e
Sur was “Sum
Vi a  1 ue.

4’
Figure 33. Sum Field Exceed Threshold Segment
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V 

Return Event Cor-
relation Inde x

V 

Entries to Appli-
cation Program
for All Respond-
ers. 

*

Figure 34. Return All Responders Segmen t

Return Event
Cor re l a t i  on
rndex Entries to
Application Pro-
gram for First N
Responders

Figure 35. Return First N Responders Segment

Return Event Cor-
relation Index
Entries to App li-
cation Program
for Next Respond-
ers .

Figure 36. Return Next N Responders Segment
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Sea rch Event Correlation Index for All Events

• Activity type = “ val ue 1 ,”

• Geog raphic area = “ value 2 ,”

• Country code = “ value 3,”

• Environment = “ value 4 ,” and

• St art DIG > “ va l ue 5 ,”

For a l l  even ts , meeting requirements set as

responder.

4’
Obtain Analog
Count of Respon-
der s;  Cal l  it
Count Value .

Return to Appli-
cat i on Program .
Analog Count Was
“Co unt Value .”

Fi gure 37 . Typical Query Search
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4’
Sea rch Event Correlation Index for All Events

• A ctivity type = “ val ue 1’ or “ value 2,”

• Geograp hic area = “ val ue 3” or “ value 4,
V 

• “Value 5” Env i ronment “value 6 ,” and

• Start DTG > ‘ value 7. ’

For al l  ev ents , meeting requirement set as
Responders.

V 4’
Sum Equipment
Count for Al l
Responders ;
Ca l l  it Sum Va lue

4’
Return to Appli-
cation Program .
Sum was “Sum
Va lu e. ”

Figire 38. T yp ical Query with More Complexity
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Search Event Corre la t ion Index for A l l  Events :

• Act ivity type ‘ val ue I ,”

• Ge ographic area = ‘ va lue 2, ”
• Country code = “ value 3 ,”

• Environment = value 4 ,” and

• Start DIG > “ va lue  5. ”

Fo r all events , meeting requirement set as

responders.

4’
Count Responders;
Call it Co unt
Vi a l

4’—
Diffe rence
Count Value -

Threshold.

~eturn to A ppli-
cat ion Program.
Threshold not ex- NO

Differenc: : 0 ?

Return to A p p l i c a V
t i on Program .
Thre sho ld  was ex-

V ceeded by ‘Differ
ence. ’ Count of
°esponde rs was
V V I r n l n r  V~ hie

Figure 39. Typical Query with Threshold Check
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Retu rn Event Cor—
rela tion lnde~ 

Sea rct Event Correl ation lndev for A l l  E v e n t s

Entr ies to A pp li —
cat~ 0n for F irst • A c t i vity type • value 1 ,’

Responders. • Geog r a p h i c  area = 
V V va? ,e 2 ,

• Co u nt ry  Code V

• E nvi ron”ier. t = 
VV
~~~d i e 4 , ana

• S t a r t  DTG “ va lue 5 ,

Are There More? 
For afl eve ’ts. mee ting requiremen ts set as

Responder ,

Y E S
‘~~a’n A r â J o ~~

Retu rfl S v e n t  c~ - 
,,‘- t o ’ Resccno-

re latlyr I nde~ 
e~~ s .  a 1 1  i t  C V c ~~ n t

S~ tr i e s tu -

: a t l D n  c ,,D VV , V a V V

$ f c r \e~~
Responders . ____________________

V Value —

V 

‘V ’e ‘-
~ 

V

n,’ e s i n l d  n”’ e’~cee de d Ana ’o~

ers wa~ 

Res pond ~~~~ 

~~~~
:at,or Pr pt ra’ .
nres’ d

e.  ee.~
V ~~~~~~ ~
log Pu ’ ’ O~

C , ‘t ‘a

4
Figure 40 . Typical Query with Return of Events of

Thresho ld Exceeded
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Searc h Event Correlation nde~ for All E vents: 
tou nt Markers .

Call Co unt 2.
• ACt~~V it VV type “ va 1 ue 1” or “ v alue 2, ”

“ val u e 3 ,”

• Geograp h ic area = .alue 4” or “ value 5 V ~

• “Value ~~VV Environment V a l e  7. .

Fp r a ll events , meeting require ment set as
resp onders . 

•

~ For All Events Marked as
Responders , Search for:

For All Events Marked as ( Start OTO current ~“S - 8T6O hrs

Responders . Search for: Set a “arker but do riot destroy

Start DTG “current OTS - 1 hOur . i responoer marker .

Set a marker but do not destroy 4respo nder marker ,

~ Count Markers;

___________________ Call Count 6

Count Markers -,

Call Count 1 . 4
~ Return All Counts

to A pp lication
Program .

For A l ) E vents Marked as
Responders , Search for: ____________________

Start DIG ‘current DEl - 2 hOurs .

Set a marke r but do not destroy
responder marker . V VDivide Afl Counts

~ b y iunb er of
‘-ipurs in Period
Covered.

~
V re.V a ,.e and Dis-
play a 3ar Chart
Trend Anal y sis
for Anal yst.

Figure 41. Procedure for Preparing a chart of
A ctivity Over Time
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Last Last Last Last Last Last
Hou r Day Week Month Six Year

M on t h s

Figure 42. Average Activity in the Indicated Period

Updates (additions , modifications , and deletions) to the L/O/E Indexes are not
time-sensitive , can wait a while if the system is very busy,  and ar e few and
inf r equent in occurrence. New locations (such as air bases) and new types of
equipment (such as airplanes) do not come into being very often . Organizationa l
changes may occur more often , but they, too , are infrequent . Upda tes to the
L/ O/ E  Correlation Index will occur more frequently as equi pment or organi- V
zations move , but this is , again , a small factor in system workload . The total
workload imposed by maintenance of these indexes should be less than 1 per-
cent of the estimation error in the workload associated with the Message and
Event Correlation Indexes.

It could be necessary occasio nally to reapportion the associative storage to
increase or decrease the size of some of the indexes. This is a task that is
performed only when the system is virtually idle .

It is apparent that the throughput requirement s of the system are determined
by the workload imposed by updates to the Message and Event Corre lation
Indexes and performance of trend and correlatio n analysis .

It was estimated in WP0234 that the syste m should be sized for an average
daily receipt of 3000 messages , each wi th an average of one event . Subse-
quent discussio n of workload has not altered this estimate. The trend and
correlation ana lysis workload has , however , gone up substant ia l ly ,  with the
current estimates being that about 13 searches per event will constitute the
standard , automatically evoked sets. This estimate has gone up twice , and
one shou ld expect it to rise further as the capabilit ies of a system such as
ECAM become available to the anal yst s. They are conceptually bound at
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present by hardware constraints. As these are removed , they will be able to
perform analyses not formerly considered . Thus , the work load from these
sources is expected to bet

• An average of 3000 Message Index additions per day

• An average of 3000 Event Correlation Index additions per day

• An average of 3000 Message Index purges per day

• An average of 3000 Event Correlation Index purges per day

• Art  average of 39, 000 standard correlation queries per day

• An estimate of an additional 4000 (approximately 10 percent
more) ad hoc correlation queries per day

2. 4 REQ UIREMENTS SUMMA RY

2, 4. 1 Data Base Storage Requirements

2 . 4. 1. 1 Data Base Size -- An estimate of the size of the SA CWARDANS
directories data base is shown in Table 9. This estimate, of approximately
37. 6 million eight-bit bytes , is exclusive of overhead for format identifica-
tion , work space, and unusable waste space. The percentage of additional
space required for overhead is high ly variable , being primarily a function of
the array architecture and also a function of the manner in which the array is V
used. In previous analysis reported in 1~,V’PO234 , in excess of 30 percent addi-
tional space was required for overhead. Based on that ana lysis , the total
storage space requirement is approximately 49 million bytes.

A substantially smaller assoc iat ive store could be used for a test bed system.
Thirty days of event and message entries plus all of the other indexes can be
accommodated itt a 10-million-byte store, with approximately 40 percent
additional space being available for overhead. Thirty days of message/event
traffic is a meaningful and usefu l data base. This size data base is sufficiently
large to service a portion of the operational requirement . Such a system V
would provide for study of the current concept and would provide the means
for investigation of additional analysis procedures.

2 . 4. 1.2 Record Sizes -- As described in Section 2.2, the directories data
base contains six types of records, of which two types predominate - - over
95 percent of the record instances are either Message Index entries or Event
Correlat ion Index entries. All of the record types require 50 or fewer bytes
per entry, exclusive of overhead . Table 10 lists the percentage distribution
of record instance lengths.
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Tab le 10. Distribution of Record Lengths

Percent of Records Percent of RecordsNumber of Bytes 1 Wit h This Number With This Number(8 bits/b rte) I of Bytes or Fewer Bytes

13 2. 7 2 . 7
26 48.2 50.9

27 0.1 51.0

36 4.0 51.4

42 48.2 99.6

50 0.4 100.0

2. 4. 1. 3 Item Sizes -- Section 2. 2 also describes the items which make up
the directories data base records. Table 11 lis.3 the percentage distribution
of item instance lengths. These percentages include the numb er of instances
of the records which contain the it ems.

Table 11. Distribut ion of Item Lengths

Percent of EntriesNumber of Bytes Percent of Entries With This or(8 bits/byte) With This Byte Size Fewer Bytes

1 14.0 14.0
2 14.4 2 8 . 4
3 “~0 2 8.5
4 33.4 6 2 . 0
5 33.2 95. 2
9 4. 7 99 .9
12 “=0 99.9
14 ‘— 0 99. 9

228 ‘-0 100. 0
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2. 4 . 2 Al gorithms

Functiona l flowcharts are presented in Section 2 . 3 for the algorithms required
to maintain the SACWARDANS directories data base as it was described in
Section 2 .2 .  Section 2. 3 also contains typical queries , with the corresponding
search algorithms . These algorithms also are shown in functional form;
factors introduced by the manner of storing the directories are not shown .

Tables 12 through 26 contain a breakout of the ECA M-related operations for
each of the functional algorithms shown in Sectio n 2. 3 that support data base
maintenance (add , delete , and modify entries). These charts list each opera-
tion (transfer parameter , exact match search , e tc . ) ,  showing the siz e of the
operan d involved . They also indicate the expected number of hits and other
result s data. These charts reflect single executions of the algorithms.
Table 27 present s an estimate of ECA M operation usage in data base mainte-
nance functions . Information concerning parameter lengths is also provided .
These estimates were derived b y apply ing the expected number of executions
of each a lgorithm per day to the data contained in Tables 12 through 26 . The
frequency of execution of the algorithms is functionally dependent upon the
expected update rate for the various indexes. Since several of these indexes
hav e a low update rat e , the frequency of execution of the corresponding algo-
rithms is low , and hence they contribut e little to the composite work load .
The algorithms which dominate in the calculation of workload are those for
Add Event , A dd Message , and Purge Messages and Events. Some additional

V workload was factored in to account for surges in the activity of the infrequently
used algorithms and to account for ad hoc requests not accounted for by the
standard spectrum of data base maintenance activity.

Table 12 . Use of Array in Algori thm for Add Equipment

Operation Type ~~~~~~~~~~~~~~~~~~~~~~~~ Result

Transfer 4 parameters 1 of <15
to ECA M . 3 of <5

Search exact match. 15 Test for no hits.

Search exact match. 5 Test for no hits.

Search exact match. 5 Test for exactly 1 hit .

Search exact match. 5 Test for exactl y 1 hit .

Search for e mpty entry . Find f irst  empty.

\~V’rite the 4 parameters 1 of ‘-15
into array as new entry 3 of ‘-5
and set nonempty.

65

~~V V~~~~~~~~
V V 

~~~~~~~~~~~~~~ 
, -



“- —~~ 
- V V ~V V - V -- V _V~ = V V - - -~~~~~ ~ V~~ VV V 

-- - ~~~—V_

Tab le 13. Use of Array in Algorithm for Add Organization

Operation Type OPera~~ Size , Bytes Result

r ansfer 3 paramet ers 1 of <30
to ECA M . 1 of <5

p of <3

Search exact match. ‘-30 Test for no hits .

Search exact match. ‘-5 Test for no hits .

Search exact match . ‘-3 Test for exactl y 1 hi t.

Search for empty entry. Find f i r s t  empty .  
• V V~~

Wri te the 3 parameters 1 of ‘-30
into array as new entry 1 of — 5
and set non emptv . 1 of ‘-3

Table 14 . Use of Arra  in .Algorithm f o r  Add Location

Operation Type [O
Perand Size . B~ tes I Result  :1

Transfer of 6 parameters 1 of ‘-30
to ECAM . 1 of ‘-12

4 o f < 4

Search exact match. ‘-30 Test for no hits , V

Search exact match . ‘-12 Test for no hi ts ,

Search exact match. < 4  Test for no h i t s .

Search exact match. < 4  Test for  exactl y 1 hit .

Search exact match . <4  Test for exactl y 1 hi t .

Search exact match. <4  T est for exactl y 1 hit .

Search for empty entry . Find fi rst empty .

Write the 6 parameters 1 of ‘-30
Lnto array as new entry 1 of ‘-12 V

and set nonemptv . 4 of < 4  V V
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Tab le 15 . Use of Array in A lgorithm for Add
Location/Organization! Equipment V.

Operation Type ~~~~~~~~~~~~~~~~~~~~ I Result

Transfer  4 parameters  3 of < 5
to E C A \ I . 1 of <2

Search exact match. ‘-5 Test for exactly 1 hit .

Search exact match .  ‘-5 Test for exactly 1 hit.

Search exact match. ‘-5 Test for exactly 1 hit .

Search for e mpty en t ry .  Find f irs t  empty.

Wri te  the 4 parameters  3 of ‘-5
into a r r ay  as new ertr ’; 1 of ‘-2
and set nonemptv .

Table 16. Use of Ar r ay  in A lgor i thm for Add Message

V Operand Size BytesOper a t to r Type ( 8 h i t s / b y t e )  Resul t

T r a n s f e r  6 parameters 1 of 9
to E CA \ I .  2 of 5

3 o f < 3

Search exact ma tch .  ‘-3 Test for no hits .

Search exact ma t ch. Test for  exactly 1 hit .

Wr i t e  t h e  6 para met ers
tr ito a r ray  as N~~’W en t ry
and set nonemptv .
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Table 17 . Use of Array in A lgorithm for Add Event

Operation Type •J ~~~~~~~~~~~~~~~~~~ Result

Transfer 15 parameters 2 of 5 
—

to ECA M . 3 of ‘-5
5 of ‘-3
2 of ‘-2
3 of ‘-1

Search exact match, ‘—3 Test for no hits .
Search exact match . ‘-3 Test for rio hits .
Search exact match. ‘-3 Test for no hits .
Search exact match. —‘3 Test for no hits .
Search exact match. ‘-5 Test for no hits .
Search exact match. ‘-5 Test for no hits .
Search exact match. ‘-5 Test for no hits .
Search exact match. ‘-1 Test for no hits .
Search exact match. — 1 Test for no hits .
Search exact match. ‘—2 Test for no hit s.
Search exact match. —1 Test for no hits.
Search exact match , and ‘-3
Search exact match , z ’nd “-3
Search exact match , and ‘-5

Search exact match , and — 5
Search exact match , and ‘-1
Search exact match , and —

~~~ V

Search between limit s , arid 5
Search between limits . 5 Test for no hits; if

there are any , pass
back all 15 pa ram-
eters of events
meeting criteria.

Search for empty ent ry . Find f irst  empty .
Wri te the 15 p arameters
into array as new entry
and set nonempty.
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Table 18. Use of Array in A lgorithm for Modify Equipment

Operation Type Operand Size , Bytes Result

Transfer 1 parameter ‘—5
to ECAM .

Search exact match. —‘5 Test for exactly 1 hit .

Return entry to host. — 27
Transfer 4 parameters.

Perform Delete
Equi pment.

Perform Add Equipment.

Table 19. Use of Array in A lgorithm for Modif y Organization

Operation Type J Operand 5j~~ , Bytes J Resul t

Transfer 1 parameter -‘5
to ECAM .

Search exact match. ‘—5 Test for exactl y 1 hit .

Return entry to host.
Transfer 3 parameters.

Perform Delete
Organization.

Perform Add
Organization.
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Table 20 . Use of Array in A lgorithm for Modify Location

Operation Type ~~~OPe~and Sipe . Bytes 1 Resul t

Transfer 1 parameter
to ECAM.

Search exact match. ‘-3 Test for exactly I hit .

Return entry to host. ‘-50
Transfer 6 parameters.

Perform Delete
Location.

Perform Add Location .

Table 21. Use of Array in A lgorithm for Modi.f
Location/Organization/Equi pment

Operation Type Ope~~ n~~Si~~~~~~ytes [ Result

Transfer 3 parameters 2 of “-5
to ECA M . l o f ’-3

Search exact match, and -“5 Test for exactly 1 hit .

Search exact match , and -‘5

Search exact match. “-3

Return entry to host.
Transfer 4 parameters .

Perform Delete L / O/ E ,

Perform Add L/ O/E .
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Table 22. Use of A rray in Algorithm for Delet e Equipment

Operation Type 
J 
0P S 1 ~ytes 

J 
Result

Transfer 1 parameter —5
to E C A M V

Search exact match. ‘-5 Test for exactly 1 hit.

Write zeros Lito entry. 27

Mark format field with
NOT IN USE .

Table 23. Use of Array  in Algorithm for Delete Organization

Operation Type 
J_

OPez

~~

n

~

.

~

si
1
z:.

~~~

Ytes
_ I  

Result

Transfer 1 parameter ‘-5
to ECAM .

Search exact match. ‘-5 Test for exactly 1. hit .

Write zeros int o entry.  — 3 6

Mark format field with
NOT IN USE. 

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _

Table 24. Use of Array in A lgorithm for Delete Location

Operation Type Operan d Size, Bytes L Result

Transfer 1 parameter ‘-3
to ECA M.

Search exact match. -3 Test for exactly 1 hi t .

Write zeros into entry.  —5 0

Mark format  field with
NOT IN USE.
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Table 25, Use of Array in Algorithm for Delete
Location/Organization/Equipment

V 

— 

Operation Type OPerand 
Sip~

e~ Bytes J Result

Transfer 3 parameters. 2 of ‘-5
lo f ’-3

Search exact match , and — 3
Search exact match , and “-5
Search exact match. —‘5 Test for exactly 1 hit .
Write zeros into entry. 13
Mark format field with
NOT IN USE.

Tab le 26. Use of Array in A lgorithm for Purge Messages and Events

Operation Type OPe
~~~~~

S
~~~~~

Ytes

_ [  
Result

Transfer 1 parameter 5
to ECAM.

Search, less than 5 Should have — ‘3000 hits
if run one each day .

Read parameter from
first (next) marked
ent ry.

Search exact match , or ‘-3 Should have —3000 hits
total per day . Each
instance of search
would ave rage 1 hit .

Search exact match.  — 3 Should have ‘-3000 hi ts
t otal per day . Ea ch
instance of search
would av erage 1 h i t .

Writ e zeros into ent ry . ‘-42 Total of 3000 ent rn - s
per day .

Write zeros into entrs’ . ‘-26 Total of 3000 entr ies
per day .

Mark format field with Total of 6000 entries
NOT IN USE . per day.
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Table 27. Estimated Use of Array Operat ions for Data Base
Management (Updates , Additions, and Deletions)

Operation Usage

a) Searches

Total: 90 , 000

Single-fie ld: 50 , 000

Exact match 50 , 000
Less than Negl i gib le
Greater than Negl igible
Between limits Negligible

Multiple-f ield:  6 , 000

Add used 21 , 000

Or used 3 , 000

Ei ght f ie lds  3, 000

Two fields 3, 000
Exact match 24 , 000

B etween l imits  6 , 000

Parameter:

V Less than or equal to 5 byt es
Less than or equal to 10 bytes >98~’o

Longest parameter �30 bytes

b) Parameter Transfers to / f rom ECA M

Total : 100 , 000

To ECA M 65,000

From ECAM 20 , 000

Parameter  Ieng~hs:

Less than or equal to 5 bytes

Less than or equal to 10 byt es  >98°~o
Longest parameter ‘30 bytes
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Table 27 . Est imated Use of Array Operations for Data Base Management
(U pdates , Additions , and Deletions) (Concluded)

Operation Usage 
V

c) Write Parameter int o Field

Total: 80, 000

Parameter length:

Less than or equal to 5 bytes 95%
Less than or equal to 10 bytes 98%
Longest parameter �30 bytes

d) Read Parameter from Field

Total: 25 , 000

Parameter length:

Less than or equal to 5 bytes 93%
Less than or equal to 10 bytes 99%

Longest parameter ‘30 bytes

e) Zero Entry

Total : 7 , 000

Entry length:

Longest 50 bytes

f) Examine for Number of Responders

Total: 50,000

Expected number:

Zero 40 . 000

One 4,000

One to 10 range 3, 000

Three thousand 1

g) Find First  Responder 7 , 000
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Data base maintenance contributes fractionally to the ECAM workload. The
dominate factor is the execution of queries -- both standard and ad hoc.
Standard queries are standard only in the sense that once defined they are
automatically evoked under a specified set of circumstances. The query
sequence to be applied in a given circumstance and the circumstances in which
a sequence is to be applied may both be redefined as required by the analysts.
Thus , a “ standard query sequence ” is a sequence which is current ly defined
for automatic evocation. These definitions will , of cour se , change . What is
not likely to change is the nature of the query algorithms. They basically
consist of counting the number of occurrences during a given time interval
meeting a set of criteria . The information required to qualify occurrences
(events) is contained in the Event Correlation Index entries. Hence , selection
of events to be counted as responding to a query criteria is determined by a
sequence of searches , with the result s being log ica lly combined using “ and”
and “or” operations. Ad hoc queries , against the Event Correlation Index ,
are similar in na ture.

The workload deriv able from query operations is not well defined - - either in
terms of the quantity of queries or in terms of the complexity of the queries .
This stems from a lack of analyst experience in an environment which can
perform the extensive-- both in quantit y and complexity-- queries possible
with an associative system. Given a specific query, it is easy to show the
search requirements for the query. Tables 28 through 30 present breakdowns
for the three sample queries shown in Section 2. 2 , Figures 23 through 25.

Table 28. Use of Array in A lgorithm for First Sample Query

Operation Type 
~ 

~~~~~~~~~~~~~~~~~~~ Result

Transfer 5 parameters 1 of 5
to ECAM . 1 of ‘--2

3 of ‘-~‘1

Search exact match , and ‘-‘1

Search exact match , and ‘-1

Search exact match , and ‘-2

Search exact match , and ‘--1

Search greater than.  ‘-5 Mul t iple responders
l ike ly .

Count responders.

Return count to host. 2 of 3
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Table 29. Use of Array in A lgorithm for Second Sample Query

Operation Type 
— 

~~~~~~~~~~~~ yteS Result

Transfer 6 parameters 1 of 5
to ECAM. 1 of ‘-2

3 of ‘-1
lo f ’-3

Search exact match , and “-1

Search exact match , and ‘-1
Search exact match, and ‘-2

V Search exact match , and “1
Search greater than. ‘-‘5 Mult iple responders

likely.
Count responders.
Return count to host. 2 of 3

Return difference to host. 2 of 3 Only if threshold was
exceeded.

Table 30. Use of Array in A 1.gorithm for Third Sample Query

Operation Type 

~ 

°P~ 
ran~d S

1
ize ,~~~ytes Result

Transfer 8 parameters 1 of 5
to ECAM. 5 of ‘-1

2 of 2 or 3

Search exact match , or ‘-1
Search exact match , and ‘-1

Search exact mat ch , or ‘-1
Search exact match , and ‘-1
Search between [imit s , and ‘-1
Search greater than . 5 Mu lt iple responders

like I \V

Count responders.

Return count to host. 2 or 3
Return difference to host . 2 or 3 Univ if threshold was

ex ceeded .
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The estimate for the number of new events per day is 3000. It is also esti-
mated that each event will trigger a standard sequence of approximately
13 queries. This results in an estimate of 39 , 000 standard queries to be
executed per day . Ana lysts will be expected to initiate other ad hoc queries. V
An additional query workload of 4000 queries (approximately 10 percent addi-
tional) is allowed in our fi gures for ad hoc queries. Thus , the query work-
load is 4 3, 000 queries per day.

As indicated above , the confidence level in the query workload estimate is
low. Further , the workload could increase substantially during a period of
crisis, In a crisis environment, the number of events is sure to increase.
The number of queries resulting in the triggering of additional processing will
also increase . Determining the nature of the unusual occurrences is likely to
result  in additional processing (addit ional queries) and readback to the host of
additio nal information concerning the events. It seems clear that the system
should hav e processing capacity considerably in excess of estimates of average
workload in order to accommodate surges resulting from higher short-term .
real-world ac t iv i t y  levels. Hence , we have further extrapolated workload
est imat es t~ . account for  an additional 50 percent query workload.

Table 3 1 contains workload information assuming 43 , 000 and 65 , 000 queries
pe r day and assuming an equal proportion of the three sample queries.

Table 31. Qu ery Workload Assuming Sa mple Queries

4 3 00 0 65 , 000Operat ion Que ries/Day Queries/Day

Parameters to t ransfer  to ECA M ‘-273, 000 ‘-412 , 000

Bytes of parameters ‘--600, 000 — 900 , 000

Searches -‘230,000 —‘350,000

Exact match searches ‘--172, 000 — 260 , 000

Between limit searches —15,000 ‘-25 , 000

Greater than searches —43 , 000 ‘-65, 000

Results  to be returned to host ‘-72 . 000 ‘-110, 000

Bytes to be re turned  to host ‘-215 , 000 ‘-325 . 000
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Anal ysis of the Event Correlation Index content shows that there are 11 fields
which could meaningfully serve as search fields in tally ing the number of
occurrences meeting a set of criteria . Of these , two fields are DTG fields ,

- V and hence they would frequently involve searches other than exact match . The
other nine would normally be searched for exact match , but sear ches involving

V OR (e. g . ,  equipment type equal A or B) are possible. Table 32 shows the
equivalent of the data in Tab le 31 under the assumption that all 11 fields are
searches in each query, with nine fields being exact match searched against
a single argument . This represent s an extreme workload . A more reasonable
high level of workload is shown in Table 33. It assumes that seven fie lds are
searched , with eight arguments being transferred to the ECA M. These
searches may result from search of seven different fie lds or search of the 

V

same field two or more times, Clearly, some queries might require only
four field searches , while others might require nine or 10. The number
seven is an average which is on the high side compared with the current state-
ment of the SACWARDANS query requirements. This table also assumes a
hi gh number of querie s (85 , 000), which is double the currently stated estimate
and much hi gher than earlier estimates.

Table 32. Query Workload Assuming Extreme of 11 Fields
Searched per Query

43 000 65 , 000Operation Queries/Day Queries/Day

Parameters to transfer to ECAM ‘-559 , 000 ‘-845, 000

Bytes of parameters “- 1 , 978 , 00 0 ‘-2 , 990 , 000
Searches ‘-473,000 ‘-715,000

Exact match searches ‘--387,000 ‘-585,000

Other searches ‘-86,000 ‘-‘130,000

Results to be returned to host ‘-86, 000 ‘-130, 000
Bytes to be returned to host ‘-260, 000 ‘-390 , 000

Table 33. Query Workload-- High Expected Value

85 000Operation Queries / Day

Parameters to transfer to ECA M ‘--680 , 000

Bytes of parameters ‘-2 , 125 . 000
Searches ‘-595,000

Results to be returned to host —170,000

Bytes to be returned to host ‘-510, 000
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Tables 32 and 33 contain estimates of return parameters based on return of
two values: the count of event s and the d ifference between this value and a
threshold. It is assumed that this averages out to six bytes per query.

Addit ional workload occurs if event ID5 are sometimes returned. Analysts
might in some cases require the message IDs associated wit h an event rather
than , or in addition to, the event ID. The other values in the Event Index
records can be obtained easily from di sk copies , g iven the ID. Hence ,
retur n of these values is not a req u irement. It may be the simplest way to
obtain the values , and if the system is not busy, the channels could undo ubtedl y
support the return of entire Event Index entries. It is not necessary to desi gn
the system with this capacity during periods of heavy workload .

Analysts will not be ab le to inspect large numbers of event or message
entries. If one assumes that there ~Vre 15 analysts working on a round-the-
clock ba sis , then there are 21 , 600 analyst minutes per day. It is hard to
imagine them scanning 10 entries per minute. This would generat e a require-.
ment for 216 , 000 IDs to be transferred. Since they might terminate some
scans before they were all examined , this could require as many as 500, 000
I Ds to be transferred. At five bytes (fo r messages) per ID , this  is 2. 5 mil-
lion bytes , which is less tha n 30 byt es per second .

Table 34 adds a factor for the return of IDs to the estimates in Tab le 33.

Tab le 34. Query Workload-- High Expected Value ,
Includin g ID R et u rn

V Operation 85~ 000
V Queries/w ay

Parameters to transfer to ECA M “ 680 , 000
Bytes of parameters ‘-2 , 125 , 000
Searches ‘-595,000

Result s to be returned to host ‘~‘700 , 000

B~~es to be returned to host ‘-3, 100, 000

As can be seen from Section 2. 3 and t he precedin g discussion , both th~- da ~base management and query algorithms are basicall y s imple . The ~~~~~~~~~~~ t ’ t f

ar e hi gh , especially when related to conventional data base m a n a ge m eV  V V ~~~~1 V V
~~

que ry access . But the complexity is not great . The algorithms n~ake ex~~’r-
sive use of the exact match search , generally with short argurnc-:~ - . • ‘

searches ar e used , but at a much low er f requency .  The oth ~ r f r t ~~ :~~ . l - V V
operations are those which count the number of responders and ~•~ ri a ~~~~~~
within  all records satisf y ing the search cri teria.  The aIg or i~h~is a r t
tura l ly simple , con taining successions of searches which  may be h V ~~~~& V

V 
V
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A NDed and ORed together. Generally , the searches can be ordered in a
manner convenient to the system. They must , of course , adhere to the proper
logic , but the constraints are minor in terms of search order . The algo-
rithms do not , with the exception of Purge Messages and Events , contain
high- level language loops . The algorithms generally can be performed as an
entity without interrupts for user intervention. Where interaction with the
user is required , then the search results could be saved within the array.
However , a simpler procedure which meets the requ irement is to interrupt
for user intervention and then restart the algorithm from the start , thus
eliminating the problems which will arise from retaining intermediate results
and restarting from that point . Exception processing can be similarly treated.

2 .4. 3 Use Factors

SACWA RDANS will init ially hav e seven ana lysts on- line at a time. This is
likely to expand to 12 to 15 analysts.

Initially , SACWA RDANS was planned for implementation on a single host
6080. This inferred that the ECA M would interface to a single computer ,
with another computer as backup. This meet s the reliability requirement.
However , system flexibility is enhanced by a dual interface , with either 6080
having access at any time. Thus , while not a requirement , this dual inter-
face is a desirable feature ,

SACWA RDANS is an on- line system. Analysts sitting at terminals require
a reasonable response time. It is generally thought that response time in
excess of 1 to 2 seconds is not accept able to users; they become restless and
lose their train of thought.
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SECTION 3
SOFTWARE STRUCTURE

Although the major emphasis in this initial contract was on refining the hard-
ware design to show feasibility and to allow development of a plan , some initia l
software work was done to ensure that the resulting hardwar e would ufit h t  a
realistic environment . The major processing functions that were identified
and their assignment to hardware elements are shown in Figure 43. Each one
is briefly discussed below .

3.1 HOST FUNCTION S

All host functions are intended to run under an existing operating system (OS)
and do not require that modifications to the OS be made . Host functions are:

• Query Processor -- This module receives query request s from
users at terminals and from other jobs within the host system.
It ana lyzes the queries to identify those port ions which are to be
executed in the ECAM , parsing them and generating an inter-
mediate- form query text for transmission to the ECA M via the
ECA M handler module.

• ECA M Handler -- This module operates as the front-end pro-
cessor for the ECA M , batching requ~~ts , managing buffers ,
monitoring status , and serving as the inte’~ ~e to the host ’s
I/ O subsystem. It should be a general-pu~~ ose element
designed to give extensive support and protection to the query-
generating software and users.

• Fast I/O -- In contrast to the ECA M handler , this module is to
be very specific to the task of ECA M checkpoint/restart opera-
tions . If the fast I/O path is made directly from the ECAM to
the host ’s memory, this module will be responsible for providing
buffer space within its own user-job storage areas. It then will
pass buffer pointers to the ECA M using normal I/O facilities.
Note that this approach requires that the fast I/O handler be
unswappable. User job s can easily be made unswappable under
HIS- 6080-GCOS and other operating systems.

• ECA M Device Driver -- This is the interface component of the
I/ O subsysterri that is written specifically for communicating
with the ECAM as a peripheral device.
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3.2 MASTER MINICOMPUTER FUNCTIONS

The programs for the master are the major system software development
items in the EC.AM. For this reason , the contractor recommends use of a
minicomputer (and its support software) instead of a more specialized unit .
Master minicomputer functions are:

• Master Executive - - It is expected that some type of rudimentary
execut ive will be developed to sequence among the master func-
tions . It will be interrupt-driven, with the host interface and
the interpreter as the major sources. For maintenance and
diagnostic functions , it may be desirable to use portions of the
minicomputer vendor ’s executive to handle peripherals .

• Maintenance and Diagnostic Functions -- These will include
system integrity tests (go/no-go), background array testing
tasks , and fault isolation routines.

• Initialization -- This module will handle creation of the descrip-
tor table structure which defines the mapping of the data base
logical storage scheme onto the physical storage of the array .
The function may operate exclusively within the master or may
be divided between the master and host . In either case , it in-
cludes the capability of working in a conversational mode with a
data base administrator at a termina l and analyz ing the packing
and efficiency effects of alternativ e mappings.

• Query Processing -- It is expected that very little transforma-
tion of the queries will occur in the master. Instead , this
modu le will be similar to a relocating loader , converting ad-
dress references , adding user identification tags , etc.

• Host Interface Handler -- This module is concerned with the
details of interface control and transferring data between the
host I/ O mult iplexer and buffers in the master’s memory.

• Master Memory Management -- There are several distinct
memory management functions that must be performed in the
master. It is expected that the most cost- effective approach to
this function will not be to emphasize efficiency, however. In-
stead , the use of simple algorithms together with ample amount s
of storage will probably result in the lowest total cost . The
areas to be managed include:

- Host communication buffers
- Slave communication buffers
- Slave working storage (in master memory)
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- ECAM intermediate result s (in array storage)
- Master work ing storage

• Multi-User Bookkeeping -- A considerable amount of master
processing will be allocated to managing the pseudo-mult i-
programming of the ECA M required by the large number of
users. This function must be in the master rather tha9 the
host; otherwise , multi-hosting is difficult . The funct ioLl s to be
performed include obtaining and releasing temporary storage
for user activation records in master memory and for user
intermediate results in the array , monitoring ECA M files to
detect erroneous locks , and deadlock detection/prevention.

• Master Scheduler/Dispatcher -- This is the master program
module that is concerned with sequencing the modules execu-
ting in the master central processor .

• Slave Scheduler/Dispatche~ -- This module is similar to the
one for the master except that slave preemption is not allowed ,
so state-saving and restoration requirements are simpler.

3.3 SLAVE PROCESSOR

Only two software-type functions are perfcrmed in the slave , and both are
implemented as microprograms. The only softwar e implications of these
will be the requirement for an assembler for the interpreter.
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SECTION 4
E CAM HARDWARE STRUCTURE

In this section , each of the functional elements of the ECAM is described .
Prio r to this , however , it is appropriate to briefly discus s the design philos-
ophy and tradeoff criteria that were used and to justif y the level of detail to
which the design was taken.

It was known from the inception of the project that the perfo rmance of the
ECAM was substantially in excess of that required for the baselin e applica-
tion. This cha racteristic caused system cost reduction , rather than speed ,
to be the major design goal.

In the array, implementation decisions did not greatly impact the software
component of system costs , so design emphasis was on minimizing hardware
costs . Because of its size , the array is also the biggest contributo r to hard-
ware cost. The cost min imization effo rt resulted in the following array
characteristics:

• The design is very storage-technology independent. Because
storage technology is advancing rapidly, both the first and
subsequent systems should be able to take advantage of devel-
opments without significant softwa re or hardware changes.

• Logic speeds are conservativel y specified. The baseline
shift rate is 1 microsecond per bit. Signal distribution for
a large system running at this rate is straightforward and
“unexotic. ”

• The number of wires in the signal distribution system is
minimized by the choices of processing algorithms and by
multiplexing. The cost of the distribution system is
obviously a function of the number of wires. Less obviously,
it has been found that the signal distribution system is also
the biggest reliability problem in parallel machines.

• The word logic functions and the processing algorithm s are
chosen to minimiz e the size and pin count of the word logic
integrated circuit.

In the control unit area , the situation was reve rsed in that system cost was
best reduced by us ing hardware to reduce software cost. Du r in g the program ,
the approaches taken by many parallel machine designers were examined
and , where possible , user experience data were reviewed . The results of
work in this area are as follows:
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• The data-handling and “host relations” functions are divorced
from the function of controlling the sequencing of array
operations . The master processor handles the former , the
slave the latte r .

• The use of a conventional minicomputer as the master is
recommended in order to capitalize on existing software
and programmer experience.

• The language interface to the ECAM is raised from the
conventional sequence-of-primitives level to an HOL*_ like
inte rmediate language that can be easily generated from a
compiler or written directly by a programmer.

• The mapping between the logical data storage schema
and physical storage is specified by the user , but the
query transformations that are necessary to reflect the
mapping are handled by the hardware.

• The slave cont roller is designed to be changed as experi-
ence with the system results in ideas for improvement .
Strategies are not hardwired .

In the subsections that follow , the hardware of the machine is described .
Then , in Section 5, we describe the transformation of this hardware, via
microcode , into a data base machine for SACWARDANS-typ e environments .

The level of detail developed for each of the hardware blocks has been
chosen by the following criteria:

• Areas critical to performance (e. g . ,  the slave controller)
and areas critical to cost and “producibility” (e. g. , the
word logic and signal distribution) have been carried past
the register level , to the point where detailed flow charts
are provided and some generic logic has been specified .

• A reas specific to a host machine have been specified only
at a functional level. Design of these is straightforward
once a final choice is made.

• The design has been left relatively independent of the type
of minicomputer chosen. Our work has not yet required
detailed specification of inte rfaces to the master , so we
have deferred a choice until softwa re requirements are
available .

*Higher..Order Language
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The discussions below are separated into two subsections, covering first the
control units and then the array.

4.1 CONTROL UNIT

As shown in Figure 1, the control unit consist s of the host interface , the
master control minicomputer with its memory, and the slave controller.
The connection of these subunits is shown in Figure 44. These are described
individually in the following subsections.

4. 1. 1 Master Control Processor

As was mentioned previously, our design work has not yet required that we
commit to a particular minicomputer as the master processor. Our require-
ments for the machine are as follows:

• The minicomputer must allow for direct access to its main
memory bus by the host interface and the slave controller .
Access priority should be a round-robin or similar strategy
to guarantee the host inte rface adequate bandwidth for
block transfers.

• The minicomputer must have an interrupt capability sufficient
to allow the slave and host interface to communicate errors .
We expect that fu rther definition of the host interface will
produce additional requirements for the master’s interrupt
stru cture.

• The minicomputer must provide a programmed I/O facility
by which the host interface and the slave can be controlled .

• The minicomputer’s operating system must provide a static
addressing environment so that the table structure and
stacks used by the slave can be implemented as described .
Dynamic relocation of data used by the slave is not allowed ,
no r are dynamic changes to any address-mapping mechanism.

The major source for speed requirements on the master will be the simula-
tion efforts which occur early in the next phase. During this period , increa sed
definition of the softwa re will allow estimates of required memory sizes.

We expect that the major selection criterion on the minicompute r will be the
cost of initial and maintenance programming. Minimization of these costs
requires use of higher-order languages , availability of good standard soft-
wa re , and a high degree of prog rammer familiarity with the target machine.
Based on this , we recommend tha t the PDP-l1/45 be used as the baseline
processor , but that a final decision be deferred until the software cost
aspects of the ECAM application can be used in the selection process.
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4. 1. 2 Slave Controller

4 . 1. 2. 1 Inte rprete r -- The Interp reter is a dedicated function computer;
because the detailed algorithms of the inte rpreter function will evolve as
experience is gained using the ECAM , the Interpreter is highly flexible
and modular. The Interpreter consists of an application- independent Kernel
Machine (IQ~l) ,  and ECAM-dependent Functional Modules (FMs). The KM
is described next in Section 4. 1. 2. 1. 1, afte r which the FMs are described
in Section 4. 1. 2 . 1.2. The KM provides flexible operand addressing mech-
anisrn s , while the actual operand storage unit s (register files , master inter-
face registers, etc. ) needed for efficient execution of the initial ECAM
algorithms are FMs , as described in Section 4 . 1. 2. 1. 2. 1. Similarly, the
KM includes the mechanism for invoking operations , while the actual oper-
ators which perform the required ECAM operations (such as Add , Shift ,
etc. ) are FMs , as described in Section 4. 1.2. 1.2 .2 .

The KM consists of a Fetch Unit (FU) and a set of cont rol and data lines to
which the FMs are attached , as shown in Figure 45. The FU is vertically
microprog rammed , having highly capable microinstruction sequencing logic
which supports stru ctured microcode , as described later.

4. 1.2.  1. 1 Kernel Machine -- Physically, the Kernel Machine consists
of a Fetch Unit and a set of control and data lines to which the Functional
M odules are attached. The FMs are operators (such as adders , shifters ,
etc. ) and storage (registers and memories) ; they are selected for efficient
exe cution of the algorithms of a specific application. The use of diffe rent
FMs , and changes in FM designs, do not affect the KM hardware. The FU
is driven by microcode stored in a microprogram memory; its inte rface to
the microp rog ram memory is asynchronous , so size and speed specification
has been deferred until simulation results are available.

4 . 1.2. 1. 1. 1 Kernel Machine Inte rface Lines -— F igure 45 illustrates the
KM and how FMs attach to its buses , The signal lines are listed in Table 35 .
and briefly described as follows.

• “Source Address” lines select from among 256 locations.
Some locations are assigned within the FU (See Table 36),
but most are available for assi gnment to the attached FMs.

• “ Ready” line s signify that the corresponding address or data
lines have stable signals.

• “Source Data” lines carry the contents of the selected source
registers.

• “Indirect” lines specify whethe r the selected operand registers
contain pointe rs .
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Table 35 . Kernel Machine Inte rface Lines

Sig nal Line 1. No. of Bits

Sou rce A A ddress 8

Sou rce A Address Read y 1
Source A Indirect 1
Source A Data 16
Source A Data Ready 1
Sou rce B Address 8
Source B Address Ready 1
Source B Indi rect 1
Source B Data 16
Source B Data Ready 1
Operato r Select 6
Operation Select 6

OPOP Read y 1
Operato r Ready 1
Ope rato r Complete 1
Destination Address 8
Destination Address Ready 1
Destination Indire ct 1
Destination Indirect Inhib it 1
Destination Data 1 6
Destination Data Ready 1
Destination Ready 1
Condition Inputs 31
Condition Inpu t Enables 31
Abort 1
Error 1
Interrupt Request 1
Ha rd Interrupt 1
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Table 36 . Assigned Ope rand Addresses

SAA SBA DA Assignm ent

00 00 --- Zero

- - - - - - 00 No destination

01 --- 01 Indirect Tag Memory

02 - -- 02 FU Write Protect Memory

03 - -- 03 FU Operator/ Indirection Counters: OPC ,
SAIC , SBIC , DIC (left to right)

04 - -- 04 FU Condition Registe r bits 00-15

05 --- 05 FU Condition Register bits 16-31

06 --- 06 FU Condition Registe r bits 32-47

07 -—- 07 FU Condition Register bits 48-63

08 --- 08 Microprogram Memory Data Registe r bits
00-11 , right-justified , zero-filled

09 --- 09 Microprogram Memory Data Register bits
12-27

OA --- OA Microprogram Memory Data Register bits
28-39 , right—justified , zero-filled

013 --- 013 Microprogram Memory Address Registe r

OC --- OC Microprog ram Memory Address Stack Pointer

OD --- OD Microprogram Memory Address Stack .
(top entry)

OE --- OE Unused

OF --- OF Unused
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• “Destination Indirect Inhibit” is used by the selected
ope rato r to write directly into the specified destination
register even though it contains an indirect pointer .

• “Operato r Selection” lines select the FM operator to
be used to perform an ope ration.

• “Operation Selection” lines select one of the operations
that may be pe rformed by the selected operato r module.

• “OPOP Ready” signifies that the Operator/Operation
lines carry stable signals .

• “Operator R eady” signifies to the FU that the selected
operato r is beginning to perform the ope ration.

• “Operator Complete” signifies that the operato r has
com pleted its operation(s).

• “Destination Ready” s ign if i e s  that the selec ted loca t ion
is prepared to receive info rmation .

• “Abort” commands all active operato rs to immediately
cease operation.

• “ Error ” notifies the Ft.T that a module has detected a
“fa tal” error.

• “Interrupt Request” notifies the FU tha t some FM
operator wants control of the machine.

• “Hard Interrupt” define s whether the interrupt being
requested is to be handled by FM hardware or FU
fi rm wa re.

• “Condition Inputs” and the associated “ Enable” lines
allow conditions gene rated by certain FMs to be tested
by the microcode. The Enable lines cause the values
present on the corresponding Condition Input lines to
be stored in the FU Condition Register.

4. 1.2. 1. 1.2 Fetch Unit  R~gisters -- The principal FU registers have
been divided into three groups7ö r illustrative convenience:

• Registe r Bus Drivers (Figure  46)

• Memories and Associated Registers (Figure 47)

• Othe r (Figure 48)
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Register Bus Drivers: There are three register address/data bus pairs;
the FU contains registers to drive each of these (FM s may also drive these
lines). Since all FU registers are addressable (see Table 36), circuits are
included to detect their addresses (which all have zero in the four most signif-
icant bits) . Each FU register is connected to the input selector for the
Source A Data register (SAD). Zero is provided as the data when the entire
address is zero. Figure 46 shows these registers and their inputs.

Fetch Unit Memories: Four distinct memories are used in the FU:

• Microprogram Memory

• Microprogram Memory Address Stack

• Indirect Tag Memory

• Write Protect Memory

The Indirect Tag Memory requires three read access ports (See Section
4. 1. 2. 1. 1. 3), so it is replicated three times; all three are written into
simultaneously.

Figure 47 shows these memories and some associated registers.

Othe r Control Unit Registers: The majority of the othe r registe rs (Figure
48) hold conditions or counts which may affect sequencing or detect errors .
The sequencer itself will not be specified at this time; it should not contain
any registers except those used to record sequencing prog ress.

4. 1. 2. 1. 1. 3 Microinstruction Classes -- Two microinstruction classes
are provided:

• Operate

• M ove , Test , and B ranch.

Detailed descriptions of the instructions follow.

~j icrothstruction Format Type 0 -- Operate. - Type 0 microinstructions
specif y one or two source operands , an operation to be performed on the
operand(s), and a destination for the result. The format is shown in F igure

• 49. The various fields will be described by following the flow of micro-
instruction execution.

Three bits define the Operand Addressing Mode (OAM); see Table 37. Until
specified otherwise, the following description covers the case when the OAM
is 4:*

*Afl codes , addresses , etc. , are hexadecimal.
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Figure 49. Microinstruction Format 0 -- Operate

Table 37 . Operand Addressing Modes

OAM Meaning

0 SAA . SEA are addresses; indirection dete rm ined by ITM .

1 SAA is an add ress , SBA is an 8-bit literal; indirection
determined by ITM .

2 SAA and SEA are a 16-bit lite ral ; indirection determined
by ITM .

3 Read last link of indirect chain pointed to by SAA and !
or SEA .

4 SAA , SBA are addresses; indirection- inhibited.

5 SAA is an address , SEA is an 8-bit literal; indirection-
inhibited .

6 SAA and SBA are a 16-bit lite ral; indirection-inhibited.

7 Write last link of indirect cha in pointed to by DA.

98 

.. .—-- —.— - ---.-~~- -~~



1) Source Operand Addressing. The KM has an operand address
space of 256 locations or registers. Not all implemented registers
need be accessible on all three operand buses , but the same address
is reserved on all three buses for each register. However , every
register must be accessible on at least one source bus and the
destination bus to facilitate initialization and debugging. Certain
operand addresses are assigned within the FU , as listed in Table 36 .

Operand addresses are generated in three ways : they occur in
microinstructions fetched from Microprogram Memory by the FU;
they can be locate d by following a chain of registers containing
“pointers” ; and they may be emitted by operators during the course
of an operation . A Programmed I/ O ( PlO) interface to another
processor is such an operator; PlO is discussed in more detail in
Section 4. 1.2. 1. 1. 5.

When an operand address is stable , the unit which generated it
activates an appropriate Address Ready Line -- Source A Address
Ready, Source B Address Ready, or Destination Address Ready.
Each registe r in an attached FM must decode its own address.
FU registe rs are selected by logic within the FU.

= When a register detects its address on a source address bus , the
selected register places its contents on the corresponding source
data bus and activates the corresponding Source Data Ready Control
line -- Source A Data Ready or Source B Data Ready. A zero source
address is detected by the FU, which supplies a zero operand.

If the OAM is 4, this completes operand accessing. Alternate
addressing modes include indirect chains and literals , and are
described below.

2) Operator/Operation Selection. The 12-bit OPerator/OPeration
(OPOP) code consists of a 6-bit Operator Select field and a 6-bit
Operation Select field. The OPOP code can be generated in two
ways: it may occur in a microinstruction, or it may be em itted
by an operator during the course of an operation. In either case,
an OPOP code can be viewed as performing a hardware procedure
call within the currently executing microinstruction. The called
procedure may be as elementary as a single A rithmetic Logic
Unit (A LU) operation, or it may be a complex algorithm which
emits sequences of source and destination addresses and additional
OPOP codes. When an OPOP code s ignal is stable , the unit which
generated it activates the OPOP Ready control line; the selected
operator acknowledges this signal with a signal on the Operator
Ready Control line. When an operator completes execution , it
activates the Operato r Complete control line .

Hardware procedures , like their software and f irmware counte rparts ,
may pass control among themselves in a hierarchical fashion. Each
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operator which is capable of emitting OPOP codes has an Operato r
Counte r which is initialized at zero. When the operator is invoked ,
it increments its counte r by one. While the counte r is nonzero .
every subsequent OPOP Ready (b y any operator) increments the
counter , and every subsequent Operator Complete decrements the
counte r . The operato r whose counte r equals “ 1” is the lowest level
one which is active: it has control of the machine and is the only
operator which can drive the KM interface lines; its Ope rator
Complete decrements its counter to zero , which disables it until
it is invoked again , and returns cont rol to the next highe r level
operator. The counte rs are four bits; attempts to overflow or
underfiow the FU counte r will cause an erro r condition and set
Condition Register bit 04 or 05 (see Section 4. 1. 2. 1. 1. 4). The
FU Operato r Counter is an addressable operand (for diagnostic
purposes), as may be those of the operators.

A machine may contain one Interrupt Operator module , through
which operators can request their own invocation. When the
Interrupt Ope rator receives an inpu t signal from some othe r
operator , it activates the Interrupt Request and Hard Interrupt
control lines. At the completion of the current microinstruction ,
the FU executes the Activate Interrupt Module OPOP code (see
Table 38) with zero source and destination addresses , which
transfers control to the Interrupt Operator. The Interrupt
Operator arbitrates its inputs and calls the requesting operato r
with the highest priority . There are two preassigned inputs to
the Interrupt Operator: the PlO Ope rator , and the Control Panel
Operator (see Sections 4. 1.2. 1. 1.5 and 4 . 1. 2 . 1. 1.6) . The
Interrupt Operator may have additional input s available as desired;
the priorities of the PlO and Control Panel Operators are assigned
by the designe r in the context of the other operators which may
cause interrupts. The Interrupt Operator also has facilities for
enabling and disabling the input levels individually or as a group,
and clearing the interrupt requests individually or as a group --
Table 38 lists the OPOP codes for each of these operations.

FMs can also invoke f irmware routines by activating the Interrupt
Request line with the Hard Interrupt line inactive. At the end of the
microinstruction being executed when the Interrupt Request line
becomes active , the FU will do a subroutine CALL to a micro-
program memory address selected by special switches within the
FU. Once at that location , the microcode must dete rmine the
cause of the interrupt by testing an FM register or the Condition
Register.

If the microprogram memory address stack is full , the inte r rupt
request will be dis rega rded until the compl etion of the next RETURN
instruction.
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Table 38. Preassigned OPOP Codes

Operator I Operation I Assignment

0 0 No operation.

0 1 Activate interrupt module.

0 2 Clear all interrupt requests.

0 3 Clear interrupt request whose number
is the A operand.

0 4 Set interrupt mask to value of A operand.

0 5 Capture interrupt priority level.

0 6 Set interrupt priority level.

0 7 Read interrupt priority level.

0 8 Write microprogram memory.

All interrupt processing must either be done with all inte r rupts
inhibited or else the interrupt handler (whether FM hardware or
FU microcode) must stack the current priority level before
establishing the new one. After  processing the interrupt , the
previous priority level must be restored.

Pa rameter passing among operators is by mutually-agreed-upon
design conventions using the register address and data buses; the
details depend upon the specific operator designs .

Each operato r stores its source ope rand(s) internally, permitting
the source buses to be used for accessing the other operands while
the operato r executes. When an operato r has received its operand(s),
it begins the operation. An operato r which will issue further
OPOP codes must copy the DA from the bus befo re it begins other
actions if it wishes to place results in the specified destination
register.

3) Destination Addressing . When an operation is complete , the
operator places the result on the Destination Data Bus and activates
the Destination Data Ready control line. If the operator has issued
OPOP codes , it must retransmit the destination address before
sending the data, If the operator wishes to use the register directly,
independent of the bit in the FU’s ITM . the operato r must activate
the Destination Indirect Inhibit (DII) line , which will prevent the FU
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from sending any Destination Indirect signal. The ope rand registe r
which de codes its address on the Destination Address bus sets a
selection flip-flop when the Destination Address Ready control
signal is present and the Destination Indirect control signal is
absent. All othe r destination selection flip-flops are cleared by
the Destination Address Ready control signal. If a register
decodes its address on the Destination Address Bus and both the
Destination Address Ready and Destination Indirect control signals
are present , it transmits its contents on the Destination Data bus ,
sending the Destination Data Read y control signal when the data
signals are stable. If the Destination Indirect control signal is
absent , the destination register whose selection flip-flop is set
will activate the Destination Ready control line when it is ready to
accept data . The conjunction of Destination Ready and Destination
data Ready causes the selected register to store the information
from the Destination Data bus . The conjunction also causes the
operato r to deactivate Destination Data Read y. The Destination
R eady line cont rols the rate at which the destination registe r receives
data; it is not intended to accommodate varying destination registe r
setup times , which are required to be small (this may require a high-
speed buffer register in some modules) .

Each unit capable of gene rating operand addresses contains a Write
Protection Memory (WPM) , defining which registers it is not allowed
to w rite into . Unauthorized write attempts cause an error and set
Condition Register bit 03 (see Section 4. 1. 2. 1. 1.4) .

The WPM in the FU is itself an operand location which is always
protected against FU writes , regardless of the corresponding
protection indicator in the WFM . The same is true for the WPM s
in all address-emitting operators except for the PlO Operator.
The WPM in the PlO Operato r may be simply a gate which permits
PlO to write into any register. The method for writing into WFM s
(where allowed) are described late r in this section under “Write
Protection.”

The completion of an operation or microinstruction is detected by
the conjunction of Destination Ready, Destination Data Read y, and
the Operation Counte r of the unit being one. The next action is then
performed; if the r U  is in control , the completion signifies the
completion of a Type 0 instruction , which causes a test for interrupt
requests; if none are present , the microprog ram memory data
registe r is loaded with the next microinstruction.

The general discussion of the execution of Type 0 instructions is now
complete . Numerous variants and special cases can modify this
sequencing . as we now describe.

4) Reserved Values. A zero OPOP code designates no ope ration .
A zero Destination Address corresponds to no register; it is used
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when the result of an operation is not to be stored (for example,
when the result is only to be tested , as occurs with Type 1
microinstructions) . The FU controls the Destination Ready line
when the Destination Address is zero or when the destination is
a FU register.

5) Constants. The re are two ways to introduce constants . The
first is to store the constant in a register which is a write-protected
(as required) . The advantage of this is that constants are treated
like all other operands. The disadvantage is that the constants
occupy register space which may be needed for variable ope rands.

The second means of introducing constants is to place them in micro-
instructions as literal quantities. Short constants are specified under
Operand Addressing Mode 1 or 5 , in which the information on the
Source B Address bus is an 8-bit literal consisting of seven va lue
bits and a sign b it. The FU transfers the litera l to the Source B
Data bus in right-justified and sign- extended form and activates
Source B Data Ready. This approach accommodates the most
commonly used numeric constants without consuming registers.

Long constants are specified when the OAM is 2 or 6: a full 16-bit
literal is located in the pair of source address fields , with the low-
order byte on the B side; the FU transfe rs the literal to the Source
B Data Ready. If the Destination Address is nonzero , the FU copies
it onto the Source A Address bus to obtain the A operand; this register
is also used as the destination in the usual manner. (Note that this
requires the destination register to also be attached to the Source A
Bus. ) If the Destination Address is zero , the A operand is zero , and
the result of the operation is not stored . This approach to literals
avoids registers , and provides for logical and large magnitude numeric
constants ; howeve r, it is less flexible than the byte literal mechanism.

6) Indi rection. Thus far , we have assumed that all operand register
references were dire ct (i. e. , addresses of registers which contain
the operand). However , the FU also provides for multilevel indirect
operand addresses (i. e . ,  addresses of registers which themselves
contain addresses rather than operands) . Indirection is specified by
a tag associated with each operand register; this frees the microcode
and operators from the necessity of knowing whether refe rences are
indirect. Operand Address Zero (containing the zero operand) is
always direc t.

Indirection may occur when the OAM is 0, 1, or 2. The procedure
is as follows. If a referenced ope rand’s indirect tag is set when its
R eady Line is active , the referencing unit  (FU or operator) changes
the operand address to that in the low-order byte of the corresponding
data bus. Indirections are resolved on all three operand buses
simultaneously; each non-overlapped level adds one FU clock period
to the microinstruction execution time . Up to 15 levels of indirection
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are allowed in each of the operand addresses in a single micro-
instruction; an attempt to exceed this limit causes an error
condition and ‘iets Condition Register b its 06 or 07 (see Section
4. 1.2. 1. 1. 4) .

The three operand addresses will be direct, regardless of the
values of the corresponding indirect tags, if the OAM is 4 , 5, or
6 ( no rmal addressing , byte lite ral , and word lite ral , respe ctively) .
This allows the microcode to read or change pointers without
having to f i rs t  clear and then restore the corresponding indirect
tags.

It is also possible for the microcode to directly read or write the
last pointer in an indirect chain by setting the OAM bits to 3 ~r 7,
respectively. Literals cannot be used, nor can indirection be
inhibited. When OAM is 3 and both sources are direct, or when
OA’vl is 7 and the destination is direct, an error condition occurs
and Condition Register bit 08 is set (see Section 4 .1 .2 .1 .1 . 4) .
Special operators for more-complex list manipulation may be
implemented as operator modules connected to the buses if required.

Instead of being physically locate d with their corresponding registers ,
the indirect tags are gathered in an FU Indirect Tag Memory (ITM) .
The ITM has 256 one-bit words, each of which specifies whether
the corresponding register currently contains a pointer or an
operand. Any appearance of an operand address on the address buses
causes an ITM access; the ITM has three read ports to allow all three
operand addresses to be checked simultaneously. The ITM outputs
are control lines called Source A indirect, Source B Indirect , and
Destination Indirect. The Destination Indire ct signal will not be
activated if the FU is receiving the Destination Indirect Inhibit signal
from an operator, or if the OAM bits inhibit indirection and the FU ’ s
Operator Counter contains “1” .

The FU also uses the Indirect control lines to reflect in bits OC and
OD of the Condition Register whether the operand addresses specified
in the current microinstruction are direct or indirect (literals are
direct), independent of whether the OAM bits inhibit indirectiOn.
Subsequent operand addresses supplied by the specified operator do
not affect these Condition Register bits. This provides a convenient
means of testing whether a register contains an operand or a pointe r ,
especially by use of the Type 1 microinstruction.

The value of a specified ITM bit may be read and stored as well as
tested. To read the ITM, it is addressed as a source on the Source A
Address bus, with the desired bit number on the Source B Data bus.
The bit value is placed in the least-significant bit (LSB) position of
the Source A Data bus. The bit number may be know to the micro-
code and expressed as a byte literal or it may be unknown (e. g.. indexed)
and be supplied from a register specified by the Source B Address.
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Because the ITM cannot be corre ctl y acce ssed until the Source B
ope rand is available , the ITM does not activate Source A Data
R eady until Source B Data Read y is active and Source B Indire ct
is ina ctive; thu s , readi ng the ITM is one FU clock period slowe r
than testing it. The ITM address is forced by the FU to be direct ,
regardless of the value of the corresponding ITM bit.

To write into an ITM bit , the IThI is addressed as a destination , wi th
the desired bit number in the low-order eight bits of the Destination
Data bus , and the value to be written in the most-sign if icant  bit
(MSB) of the Destination Data bus. Some operator (such as a “move”
operator) is required to appropriately position the contents of the
source data buses on the Destination Data bus. As when reading ,
the ITM cannot be written until a bit number is available ; the IThI
does not activate Destination Read y until after Destination Data
R eady is active ; thus , writing into the ITM is also one clock period
slower than testing it.

7) Wri te Protection. If a unit is sending data to a destination , the
\~ P\l in that unit is consulted tL determine whethe r the write is
legal. This test is made by using the Destination Address signal
to selec t the W Pi~l bi t. Howeve r , if the module is using a Destina-
tion Address as a component of an indi rect addressing chain , the
WPM bit is ignored , since tha t register is not actually receiving data.

A WFM is read in about the same way as the ITM : the output of the
FU WPM is also input to Condition Register bit OE when read . Othe r
WPM s may direct their outputs to the KM’s Condition Register; this
is a module design issue. Writing a WPM is also nearly the same as
writing the ITM . As usual , the write protect mechanism of the module
controlling the bus govern s whether or not the write to a WPM is legal.

8) Hangups. A timeout mechanism is used to detect illegal addresses
and operator/operation codes . Wheneve r an Address Ready si gnal or
Operato r Read y signal is de tec ted by the FU , a timer is activated . If
the t imer times out before the corresponding Register Read y or Ope rator
R eady signal is detected , an error  condition is signalled and Condition
Register bit 01 or 02 is set (see Section 4 . 1.2. 1, 1.4).

Microinstruction Format Type 1 -- Move, Test, and Branch. - Type 1 micro-
instructions move information , test Condition Register bits (which include the
va lues of the move d information) , and perform microinstruct ion sequence
modifications.  Fou r types of sequence cha nges are possible: GOTO , CALL .
IF-THEN-ELSE (IT~~), and RETURN .

Figure 50 depicts the format of all Type 1 instructions . Generally, the fields
are used as follows:
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Figure 50. Type 1 Instruction Format

• II specifies inhib it ion  of indirect ion on the RA and RB fields .

• L specifies that the RA field contains a byt e literal .

• CC specifies that the condition is to be tested for 0 rather than 1.

• RA and RB specify registers.

• BT specifies the branch type : GOTO, CALL , ITE , or RETURN .

• COND selects the Condition Register bit to be tested.

• ADDRESS specifies the branch address ( in case of GOTO, CALL .
and ITE); it is not interpreted in RETURN instructions while the
FU is operating in Normal mode (see Section 4. 1.2 . 1.1.4).

The general sequence of operation for Type I mzcroinstructions is the follow-
ing:

1) Find the effective RA (if L = 0) and RB addresses. The RB
address is used as a destination during this instruction .

2) Copy the content s of the A target register  or the literal value
(if L 1) to the destination register . li the RB field is zero ,
the A value will not be copied anywhere , but wil l  be used to
change Condition Register bit s (this will affect some condit ion
values) . However , if both RA and RB are zero , no value is
copied and no Condition Register  bits are changed. The FU uses
the Source A and Destination buses to make the move ; in te rna l ly
the FL cop ies the Source A Data to the Destination Data bus.

3) Test the cond ition and select the next microinstruct ion (which . in
the case of CALL and ITE , requires pushing the return address
onto the Microprogram Memory Return Address Stack ) .
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Branch conditions are selected from among condition lines available to the
FU in a predetermined way. Some of the conditions are generated and
selected by circuitry within the FU ; others are generated by FMs attached
to the buses and to the condition lines. Tab le 39 lists the conditions assigned
and detected within the FU.

The 31 unassigned Condition Reg ister bits may be set by FMs attached to
the KM. Two lines are associated with each of these condition bit s - - the
Cond ition Value line and the Condition Enable line . An activ ated Condition
Enable line causes the value on the corresponding Cond ition Value line to be
stored in the Condition Register bit . This bit may be tested by Type 1 mi-
croinstructions; the Ft hardware doe s not otherwise modify its execution
sequences based on the values in these 31 condition bits. (Possible uses for
these condition bits include arithmetic overflow indication , and FM or ex-
ternal control signals ; the exact assignments depend upon the app lic at ion.

The specifics of selecting the next microinstruct ion depend upon the branch
type ; they are discussed below .

1) GOTO. If the condition is t rue , the GOTO is performed by copying
ADDRESS from the microins t ruct ion to the Microprogram Memory
Address Register.  If the condi t ion is false , the next sequential micro-
instruction is executed .

2) CALL. If the condition is t rue , the addres s of the next sequential
microinstruction is pushed unto the Microprogram Memory Return
Address Stack , and a branch to the address spe c ified in the CALL
instruction is made. If the condition is false , the next sequential
microinstruction is executed. (Note that this constitutes the s tructured
programming IF-THE N construct . )  The Microprogram Memory Return
Address Stack allows subroutine nesting to 16 levels ; when nesting
reaches 15 levels, the Condition Registe r stack almost full bit (OA )
is set . If the app lication microcode is such that the stack may become
filled , this bit should be tested prior to the CALL; the remaining
location in the stack permits  this test also be performed wi th  a CALL
microinst ruct ion . Attempting to perfo rm a CALL when all 16 stack
loc ations are filled will cause an error condition with  Condition
Register  bit 09 set (see Section 4. 1.2.  1. 1.4) .

3) IF -THEN-ELSE.  One of two sub routines is called , depending on
the Cond i tion Regis te r  bit : if the condition is t rue , the ent ry  address
is taken f rom the ITE ins t ruct ion ;  if the cond ition is false , the en t ry
addres s is taken f rom the  next sequential  m i c r o i n s t r u c t i o n  (the remain-
der of that word is  ignored ) .  Ei ther  subroutine re turns  to the se.~ond
micro ins t ruc t ion  following the ITE ins t ruct ion .  Stack overflow is handled
the same as for CALL.
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Table 39. Condition Register Bits Assigned by the Fetch Unit
(Bits 00-09 are reset when tested)

Condition Bit (hex ) Assignment (Bit=l  if Condition True)

00 External error signal

01 Register timeout elapsed

02 Operator timeout elapsed

03 Unauthorized write attempted

04 Operation counter underflow

05 Operation counter ove rflow

06 Source indirection counter ove rflow

07 Destination indirection counter overflow

08 LAST mode used with no pointers in register

09 CALL attempted wit h Microprogram Memory
Return Address Stack full (= 16)

OA Microprogram Memory Return Address
Stack almost full (= 15)

OB . Microprogram Memory Return Address
Stack empty

OC A source was indirect

OD Destination was indirect

OE Last destination WPM bit from FL

OF Destination Data = 0

10-iF Destination Dat a Bus Bits 0-15

20 Always = 0
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4) RETURN . If the condition is true , the Microprogram Memory
Return Address Stack is popped and the address that is removed is
p laced in the Microprogram Memory Address Register.  The ADDRESS
field of the microinstruction is not used (but see Section 4 . 1 . 2 .  1.1.4).
If the microcode is such that there is a possibility of stack underfiow ,
the Condition Register stack empty bit (OB ) should be tested prior to
the RETURN . Attempting to RETURN with an empty stack causes an
error condition (see Section 4. 1. 2. 1. 1. 4) .

4. 1. 2. 1. 1. 4 Errors  -- Error  conditions may be caused by a machine
condition detected by the FU or by a signal emanating from an FM connected
to the KM . Error  signals from FMs are ORed to produce a single FM error
signal. (If the system designer wishes to discriminate among the FM-caused
errors , he must use external inputs to the Condition Register or define them
in some other FM register.

The Ft operates in one of two modes: Error  mode and Normal mode . Errors
and interrupt s are not detected while the machine is in Error  mode , although
they can be found by testing the Condition Register . The FU enters Error
mode wheneve r an error condition is detect ed; it reenters Normal mode by
executing a RETURN instruction bit 0 = 0. This allows the machine to return
to Normal mode as soon as possib le after the error has been detected , even
though the error handle r may not have comp leted execution and returned con-
trol to the interrupted routine. Details are provided in the following para-
graphs.

Every machine-detected e r ror  condi t ion is associated wit h some bit in Con-
dition Register positions 00-09 (these conditions are listed in Table 39) .
Whenever any internal error bit is f i rs t  set (note that if an erro r bit remains
set , no error actions occur - - to permit error  handling on a priority basis) ,
all operations currently in progress are terminated by the FU , which emits
a signal on the Abort control line . The Abort signal resets the Operator
Counters in all operators attached to the KM and sets the FU ’ s Operator
Counter to 1, thus prohib iting all operators from emitting bus control sig nals
and placing the FU in control .

The FU now enters Error mode and behaves as though a subroutine whose
entry point is located at a switch-selectable microprogram memory location
is called: the current Microprogram Memory Address Register  value is
saved in the Microprogram Memory Address Stack , and the Microprogram
Memory Address Register  is then loaded from special switches within  the
FU . If the Yicroprograrn Memory Return  Address Stack was full before the
error was detected , the oldest entry will be lost and the more recent entries
will be saved , The stack full condit ion bit is not cleared by this action; then
the error-handling microcode can test whether stack overflow occurred.
Note that if s tack ove rflow occurred there  is no way to re turn  from the sub-
routine nest . This occurrence is fatal; the recovery routine will have to
abort everything.
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The error handling routine at the switch-selectable location wi l l  test the
Cond ition Register or some FM register to determine the specific error
condition and branch to the appropriat e handler.

Normal mode operation is resumed when the FU executes a RETURN opera-
tion whose least significant address bit  is zero. However , the existence of
any set bit in Condition Register positions 00-09 cause an immediat e reentry
to Error mode without affecting the Microprogram Memory Return Address
Stack .

4. 1.2. 1. 1. 5 Programmed Input/Output --As used here , the term “Pro-
grammed Input/Output ” (PlO ) refers to the capability for the Master mini-
computer to obtain control of the Slave Cont roller to initialize it , read its
status, diagnose it , etc . All Slave access is done through the Interpreter.
PlO is a straightforward instance of an operator which can request its own
invocation through the Interrupt Module.

4. 1. 2. 1. 1. 6 Control Pane l -- The requirement s for a control panel are
as yet undetermined. With few conceivable exceptions , the cont rol panel
functions can be handled by making the cont rol panel an operator.

4. 1. 2. 1. 2 Functional Modules for the ECAM Interpreter -- This section
describes the functional characteristics of the modules that will be connected
to the KM to construct the Interpreter and to connect to the other subunits of
the Slave . The module s are divided int o three categories:

• Register module s

• Operator modules

• Interface modules

Each module has been arbitrarily assigned addresses and operation codes;
these assignments could be changed in any way compatible with the reserved
assignments described herein .

4. 1. 2. 1. 2. 1 Register Modules •- Two modules containing register file s
are used in the Interpreter. One interface module (Section 4. 1. 2. 1. 2. 3) also
has register addresses .

Each register file module contains 32 registers , each 16 bits wide . Each
register file interfaces with one source bus and the destination bus. The
only actions taken by the register files are reading arii wri t ing ind i vidual
registers; these activities do not imply further action.

The two modules are specified in Table 40.
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Table 40. Register Module Specifications
Register RegisterItem File 1 File 2

Register Addresses (hex ) 20-3F 60-7F
Source Bus A B
Destination Bus Yes Yes
Operations Read ! Read !

Write Write
Function 32 32

Registers! Registers!
16 bits ea. 16 bits ea.

4. 1. 2. 1. 2. 2 Operator Modules -- The Interprete does not require
extensive arithmetic capability. It does require logical operations and shift-
ing for instruction field isolation . Two modules are described , one for shift-
ing and the other for arithmetic and logic , only because in currently available
technology the ALU and shifting functions are offered in diffe rent chip sets.
When the machine is built , however , it may be desirable to combine these
functions into one module , thereby effecting some savings in the bus inter-
face logic.

Both Operator module s interface with both sets of Source Data lines , the
Destination Data lines , and the OPOP lines. Register Address lines and the
associated control lines are not used by these modules. In the following
descriptions , A , B, and D are used to denote the values on the A , B, and D
data lines , respective ly .

The ALU has 10 functions , listed in Table 41. All arithmetic functions pro-
duce a carry/borrow result that is held within the ALU module ; this bit is
called C in the descri p tions. The ALU module transmits C to the controller ’ s
Cond ition Register at the completion of each ALU operation. Bit 23 of the
Cond ition Register is assigned to receive this information .

The 12 leftmost bits of B are ignored during short multip ly; rio overflow or
erro r condition result s if these bits are nonzero.

No erro r or interrupt signals are caused by the ALU . It doe s not issue OPOP
codes itself .

The ALU is assigned OPOP codes 1/016
_ 1/9 16. Operator code “1” selectsthis module .

111



—- ~ ----,-
.
~~~~~~

— .

Table 41. ALU Functions

OP/OP Code I Function I Action

i/ O  Add D = A + B
i/ i  Add with Carry D = A + B + 1
1/2 Add with Saved Carry D = A + B + C
1/4 Subtract D = A - B
1/5 Subtract with Borrow D = A - B - 1
1/6 Subtract with Saved Borrow D = A - B - C
1/3 Short Multiply D = A * B3_ 0
1/8 AND D = A A B
1/9 OR D = A V B
1/7 NOT D = ~~~~A

Assume , for purposes of functional descri ption (but not necessarily the imp le-
ment ation) , that the shift unit has two internal 16-bit registers , S and T.
These are connected as a simple bidirectional shift register , with T to the
right of S. The operation of the shift unit is given by the following algori t hm:

1) Copy A to S and B to T or A to T and B to S; the latter is
performed when the Operator Code is 3.

2) Shift S, T by the amount specified (in the Operat ion Code’ ~
the direction specified (in the Operation Code).

3) Copy T to D (the result ).

Shifts are allowea in either direction with a maximum 31 shift s possible .
All shift s fill with zeros. (Note that left shift s of more than 15 posit ions
produce a zero result .

The shift unit does not produce any errors , interrupts , or condition values
It does not issue OPOP codes itself .

The shift unit is assigned OPOP codes 2 / 0 - 3 / 3 F .  (The six operation bi ts  are
the direction and shift count . while the operator select of “ 2 ’ or “3” selects
this module , and the choice of operator number determines how the A and B
data are loaded before shifting .

4. 1. 2. 1. 2. 3 Interface Modules -- Each interface module has diffe rent
characteristics which are heavily dependent upon the modules at the other
side of the interface . Four interfaces are required for the slave controller:
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• Master Interface

• Iteration Controller Interface

• Fast Copy Interface

• PlO Interface

Note that though each of these modules is serving as an interface , it still
appears from the slave side as a register module or an operator module .
The interface characteristics manifest themselves in the actions taken when
the module is selected by the controlle r .

The interface module s are discussed below.

1) Master Interface. The Master Interface is viewed as an operator
module from the controller. Therefore , it is connected to all Source
and Destination Data buses and to the OPOP lines. Its three operat ions
are:

• Read Master Memory (code 4 / 2 )

• Write Master Memory (code 4 / 0 )

• Send Interrupt to Master (code 4 / 1)

For all three ope rations , the  Source A value is interpreted as a master
memory add ress . The Source B value is ignored for READ , and used as
a data word for WRIT E and INTERRUPT. READ produces a result onthe
Destination Dat a bus which is the content s of the word selected from the
master ’s memory; the other operations do not produce data: they are
terminated after the interface module has buffered the request . Request
buffering may incur a delay if the interface module is still handling a
previous request ; thi s delay is cont rolled by the module not sending an
Operator Ready Control signal until it is ready to buffe r the following
operation request .

The READ and WRiTE operations perform obvious functions. INTERRUPT
performs a write using the address and data from the A and B inputs ,
respectively, before transmitting the interrupt signal to the master. This
Write can be used to transmit status information to the master ’ s inter-
rupt handler.

The interface module remains busy after initiating an interrupt action
until the interrupt signal has been receive d by the master ’ s processor.

This interface module does riot send condition or error signals to the
controller .

2)  Iteration Controlle r Inte rface , The Iteration Controller , or IT , inter-
face is viewed as a set of registers from the controller. It is connected
to the Source A and Destination Data buses.
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This module has eight register addresses , with the assignments shown
in Table 42. Thre e of the registers are read-only: they present status
and count out put information from the array. Three other registers are
read/ wri te  in conventional ways . The two remaining registers are read /
wri te , but reading or wr i t ing  int o them causes other actions to be initi-
ted , as described below .

Table 42. IT Interface Register Assignment

R iSt~~~ \~Tidth Name [ Read Write
(he x) 

_________  _________________________L 
_______

40 12 Lengt h N X
41 13 Parameter Buffer Address  N N
42 16 Parameter Buffe r Dat a
43 8 Instruct ion Code K
44 1 Buffe r Select Bit K K
45 16 IT Output 0, 15 K --
46 16 IT Output 16, 31 N --
47 16 Array Status N --

‘~See text for exp lanation of imp lied operation.

The IT interface places IT commands and data in buffe r memory loca-
tions ; upon signal , the command is performed using the supp lied dat a .
There are two identical sets of buffer  registers -- Set 0 and Set 1.
Each set contains registers holding length , parameter buffer  address ,
and instruction code . In addition , each set is associated with a random-
access memory (RAM ) holding 8192 sixteen-bit words. The Buffer
Select Bit selects which set will be used.

The Parameter Buffe r Address and Data registers are used to access the
RAMs within the interface . These registers are not the actual address
and data registers associated with  the memory,  howe ver , since the IT
must also have access to the memory. Accessing the Parameter Buffe r
Data Register  causes a corresponding access to~the •rnemory location
selected by the Parameter Buffe r Address Reç4ster , fo llowed by an in-
crement ation of the Parameter Buffe r Addre s~ Register . When data are
written into the Data register , they are also wri t ten  into the selected
memory at the selected address. When the Data register is used as a
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source , the value is obtained by reading from the memory (and
then incrementing the address) . The source data will not be
available until the memory has p lac ed the selected word in the
Data register , from which it is p laced on the Source A Dat a bus.

Writ ing int o the Instruction Code register causes the interface
module to set an occupancy bit associated with the register; the IT
may perform an operation whenever the occupancy bit associated
with either Instruction Code register is set . If both are set , the
interface module will not signal the IT about the last one that was
set (until the f i rs t  has been cleared). The Code register occupancy
bits are cleared by the IT upon comp letion of the operation held in
the register . In addition , the interface sets Condition Register
bits 21 or 22 when the instructions in b uffers 0 or 1, respective ly,
are comp leted. The Condition Register bit s are reset when the
Instruction registers are loaded ,

This interface module controls two cond ition bits in the KM ; it does
not emit error signals. It uses eight register addresses : 40 _ 47 16.
3) Fast Copy Interface. The Fast Copy Interface controls the mech-
anism for quickly copying info rmation between the host machine and
the array. This mechanism has not been designed in detail during
this contract , b ut can be specified at the interface level , It will
behave like an operator in which control words are sent to it on the
Source A and Source B Data Lines. The out put s to the KM control
unit include status information regarding whethe r the fast copy unit
is active . There are no erro r conditions detected in this module .

4) Programmed I/ O Inte rface. The PlO Interface is used by the
master machine to set and read registers within the slave. This
action may cause the slave to init iat e a new sequence of event s , or
may be used to test the health of the slave machine. General details
of PlO modules are given in Section 4. 1. 2 . 1. 1. 5.

5) MOdule Summary. The register address assignme nt s and OPOP
Code assignments for the slave machine are summarized in Tables
43 and 44. Condition Register bit assignments are specified in Table
45. Assignment s for the Fast Copy Interface are not included in the
tables.

4. 1. 2 . 2 I teration Controlle r - - The funct ion of the IT is to transform the
commands it receives from the in terpreter  int o sequences of signals causing
the word logic to perform the specified operation on all bits of a field .
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Table 43. Register Address Assignment s

Add r~ess Uiex ) Register Location

00-OF Kernel Machine
10-iF Unused
20-3F Register Module A
40-47 IT Interface
48-5F Unused
60-7F Register Module B
80-FF Unused

Table 44. OPOP Codes for the Slave Controller

OPOP Code (hex ) Function Mode
Activated

0/ 0 - 0 / 8  Miscellaneous Kernel Machine
0/ 9 -O/ 3F  Unassigned
1/ 0-1/ 9  Ari thmetic ALU
1!A- 1/3F Unassigned
2 / O - 3/ 3 F  Shift Shi ft
4 / 0 - 4 / 2  Signal Master ~\Iaste r Interface
4/3-3F/ 3F Unassigned

Table 45. Condition Register  Bit Assignments for Slave
Controlle r (See Table 39 for bits  00-20 )

Condition Bit (hex ) I Assignment

21 IT Instruction from Buffe r 0
Comp leted

22 IT Instruction from Buffe r 1
Completed

23 ALU Carry  Bit
24-3F Unassigned
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The interface between the Interpreter and the IT is via a pair of dedicated
bu ffer memories, as shown in Figure 51. Each memory contains an 8-bit
IT-code register used to pass the instruction , a 12-bit register in which field
lengths are specified , and an 8K (twice word size) parameter buffe r . The
status of the bu f fe r s  is maintained by a “ re ady” fli p-flop itt each one. The
ready flip-flo p is set when an IT code is entered in the register by the Inter-
preter . and is reset by the IT when the buf fe r  has been processed. The IT
respond s to the first  buffer which becomes “ ready, ” latching up a buffe r
select signal which causes the appropriate paths to be connected.

The IT is internally microprogrammed to emit two types of control sequences
to the array,  as shown in Figure 52. The f i rs t  is straig ht-line execution of a
serie s of micro-operations with in  the array.  This structure is used for oper-
ations such as match-bit  t ransfers  which are not repeated over a number of
bits.

The loop ing s tructure is primarily used for ope rations (such as searches)
‘.vhich are repeated a number of t imes. The structure allows a block of setup
instructions , followed by a block which is repeated until a Icop exit cr i ter ion
is satisfied . Either of two exit cr i ter ia  may be used: “end-of-field ” based
on a counter , and “ no- activity ” where the activity indicator is t rue  when any
match bit (m) in the array is true .

The microinstruction formats which are used to code sequences of IT opera-
tions are shown in Figure 53. Type 0 instructions are the ones which cause
operations in the array and are the principal  ones used. Type I instruct ions
cause internal IT operations and are mainly provided for maintenance and
diagnostic purposes.

Within the Type 0 instruction , the f i rs t  three field s are used directl y to cause
array operations and the last two control IT sequencing. The “code ‘ f ield

contains the value to be transmitted as the array function code , the S field
determines the storage operation to be performed , and the P field cont rols
parameter t ransfers .

Loop ing in the IT microprograms is controlled by the L field of the Type 0
instruction. For nonlooping sequences , all microinstructions except the last
have a “ 0” in bit 7 of the word. The last microinstruction contains the “ 111”
uncondit ional termination code. Loops are created by markin~ the beginning
of the loop with an L-code of “Oxi ” and using either “ 100” or ‘ 101” in the L
field of the last instruction. Instructions preceding the f i rs t  one of the loop
have “0” in bit 7 . Instructions w i th in  the loop have L-code “ OxO. ”

The H (hold ) field of the Type 0 ins t ruc t ion  specifies the le ngth of t ime the
microinstruction is to remain in execution. This is done by specifying a hold
count of i t o  31 bit - t imes.  In the baseline , this is i t o  31 microseconds.

Type 1 instructions are used to map the 8-bit instruction code received from
the Interpreter into a longer code to t ransfer  data among the slave ’ s registers.
Details of this control code format will be determined during logic design.
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Figure 52. Iteration Control Sequences
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19 13 11 8 5 0
TYPED:  WORD 

~ CODE S P L HLOGIC OPERATION __________________ ______________

WORD LOGIC CODE j  L HOLD COUNT: SPECIFIES
DURATION OF THIS
INSTRUCTION AS 1-31
STORAGE BIT TIMES

STORAGE OPERATION: (MICROSECONDS )
00; NONE
01: READ
10: WRITE LOOP CONTROL:
11: READ/MODIFY OXO = NO OP

OX1 = FIRST-IN-LOOP
lxx = LAST-IN- LOOP , XX IS

TERMINATION CODE:
00: BIT COUNT = LENGTH
01: ARRAY ACTIVITY 0
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000: 0 0
001: G 1
0 10: INSERT BI~f COUNT IN WLC 0_ 3
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• 1V~ASTER CLEAR ’

Figure 53. IT Controller Micro code Formats
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The register-level structure of the IT is shown in Figure  54 and the control
sequence is shown in Figure 55. The IT control sequence is separated into
four major functions : Interpreter Buffe r access , Type 0 execution prepara-
tio n , execution control operations , and Type 1 execution. These are
described below.

Interprete r Buffe r access is made when an ins t ruct ion-ready signal is re-
ceived from ei ther of the Instruct ion b u f f e r s .  When this signal is sensed ,
the identity of the Read y Buffe r is latched in a f l ip-f lop,  causing the steering
logic of Figure 51 to make the proper connections. (The way in which  the
interpreter  handles the buffe r guarat~tees that no races can occur . ) Once the
buffer  has been selected , the upper six bi ts  of the IT code are used as the
uppe r six bits of a 9-bit microprogram address , wi th  zeros as low-order  b i t s .
This primitive hashing is adequate to scatter the short sequences of micro-
operations evenly through the storage . Where more than eight microinstruc-
tions are re quired for a given operation . the next succeeding code is left
unu sed.

Assignment of codes to the IT funct ions  ~f F igure  53 is a t r iv ia l  exercise that
has bee n left until mic roprogramr n in g  is done .

Execution preparations for Ty p e  0 inst ruct ions use the lower two bits  ~f the
IT code , togethe r with the S f ic i d  of the cur ren t  micro ins t ruc t ion  and the
mask portio n of t he Para m et er Buffer . The f i r s t  test made determines
whe ther the current microins t ruct ion includes a storage operat ion . If it does
not , masking and storage control tests are skipped . If it does , and the IT
code specifies that a mask is to be used for storage operat ions , the n the bit
is acces sed and tested . The P-buffer  address of this bit is formed by left-
concatenating a “ 1” onto the bit-count register , thus accessing the upper 4K
bits of the buffer . If the operation is masked in this bit position , a NO-O P
is selected as input to the Word Logic Code (WLC ) register . If not , the code
from the microinstruction is selected.

Once the proper code has been determined , the IT next requests access to
the appropriate bit (from BIT ADDRESS) . When the Storage Controller  makes
the bit available , t he com pletion status of the previous array operat ion is
check ed , and newly-prepared code is issued ( ‘ t r iggered ” ) fo r execution.
This is done by loading the \V LC, Store Code , and Hold Count reg is te rs  and
enabling t he stor age cont rolle r . Once these th ings  have been done , t i m i n g  of
the operation is independent of the IT and is based on the  Hold Count . When
the t ime required for  the operation’ has elapsed , the \V T .C reg ister is cleared
to NO-OP status and the “Array Operatio n Comp lete ” ind ica tor  re turns  to t rue .

Wh i le  the issued instruct ion is execut ing,  the IT pe r fo r ms a nu mber  of exe-
cution cont rol operations to de termine  the next m i c r o in s t r u c t i o n  to be fetched.
If a sto rage operation is being performed , the BIT COUNT is incremented to
reflect the activity and the (next ) BIT ADDRESS is obtained by increment ing
or decrementing the registe r . Next , the L f ield is checked to de te rmine
loop control actions . If the instruction is the f i rs t  in a loop, its address is
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saved and the Memory Address register is incremented. If it is a “middle , ”only the increment is performed. If it is a “last , ” the n the loop exit criterion
is checked to determine whether the execution should be terminated or the
next instruction should be from the previously-saved “first ” address.

Type 1 instruction execution distinguishes between the “TO” instruction and
othe r IT operations . For the “TO , “ the Bit Address register is loaded and
the Storage Controlle r is notified so that any required shif t ing can be begun .
Detailed specification of the ot her T :pe  1 operations has been left unti l  the
logic design of the IT is done .

The handling of parameters (specified by the P field of the microinstruction)
is done directly by combinational logic connected to the P register .  The pur-
pose of most P options is apparent. The index insertion codes ~re used to
p rovide the Match Memory Address field for those word logic functions which
require it. For access to a single bit , the lower four bits of the Length regis-
t er are used direc t ly. For “block ” t ransfers  of the stack to and from storage ,
the lowest four bits of the Bit Count register are used (they are incremented• during the execution control operations , so each iteration of the loop accesses
a new match memory bit ) .

4. 1. 2. 3 Stora2e Controller -- As has been discussed , de tailed internal design
of the Storage ~ ontrol1er1~as been deferred to allow a choice of storage tech-
nology to be made at the same time as a build commitment . In this section
then , the terminal characteristics of the Storage Controller are described.
In addition , the internal requirement s of the Storage Controller are discussed
in the cont ext of the baseline CCD technology.

As shrs~’n in Figure 56 , the Storage Controlle r is connected to three other sys-
tem subunits; the Fast I/O Controlle r , the Iteration Controlle r , and the Central
Signal Distributor . Functionally, it is responsible for shifting the storage to
any bit position required by either of the controllers, generating the control
signals to perform required operations , and handling any storage maintenance
functions (e . g . ,  refresh) .

The design of the slave is such that operations cannot occur simultaneousl y in
the Fast I/ O and IT Controllers. Thus , the interfaces to these unit s may be

• handled in an identical fashion with confidence that no contention will occur .

When the Storag e Controller receives a “REQUEST , ” it compares the bi t
address received from the requesting unit with an internal counter indica t ing
the index of the next bit available for an operation . If the values match , the
Storage Contro 1l~ F~-eturns a “Ready ” signal , indicating that the requestor
ma ,’ proceed to operate on the requested bit . The requestor may then return
an ‘OPENABLE” signal which causes the Storage Controlle r to perform the• operation specified by the “type” code and to increment its internal bit counter.If the bit addresses do not match , the Storage Controller performs the neces-
sary block accessing and shift ing prior  to returning the “Ready ” signa l.
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Figure 56 . Storage Controller Functions

For baseline purposes , it is estimated that seven lines w ill be requi red  to
control the storage devices. Obviously, this will change with  a change in
technology .

Internally, a Storage Controlle r for the baseline CCD part would contain the
followi ng registers :
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• Bit Position -- A 12-bit register used to hold the current position
of the storage . The upper four bit s of this register specify the
256-bit block and the lower eight bits the position within the block .

• Block Position Memory - - A 16-word by 8-bit memory containing
the current bit position of each of the blocks in a storage word.
The lower eight bits of the Bit Position Register may actually be
the memory word addressed by the upper four.

• Refresh Timeout - - Some type of t imer must be provided so that
the Storage Controlle r can cause a refresh cycle when the time
since the last normal array operation has exceeded a threshold .

4. 1. 2. 4 Fast I/ O Controller - - It is expected that the Fast I/O Controller will
transfer blocks of data between the host ’ s memory and the array without the
interve ntion of the master processor or the host I/O subsystem. The fast
I/ O operation will be initiated by the Interpreter  after  the words to partici pat e
have been selected (SELECTGROUP) . The Fast I /O Controlle r will use the
Storage Controller just as the IT does , t ransferr ing the required data and
halting.

This capability is provided as a dist inct  control subunit  because the normal
host-to-array path has been opt imized for control functions and it is e~pected
that the simulations will show that this path is too slow to suppo rt a 101 b it-
per-second rate . If this is not the case , the Fast I / O  Controlle r can easily
be dele ted from the design .

4. 1. 3 Host I~~~rface

The interface between the host and the master control unit will physically
connect as a high-speed peripheral dev ice of both units. On the host side ,
this connection can be made via an I/ O mult iplexer (IOM) on the Contractor ’s
machines or by some equivalent path on other machines. On the master side ,
connection will be made directly to the main processor bus. From the soft-
ware viewpo int , transfers will be me mory-to-memory.

Ef the ECA M installation is made with an HIS.-6080 as the host , and PDP-11/
45 as the master , it is expected that the int erface design can be based on a
unit designed by Univac , Inc., and installed at the NMIC in Washington , D. C.
The unit , called a Bus-to-Bus Converter , is described in Univac specificat ion
PX 11464. It has an estimated transfer rate capability of 120 , 000 bytes per
•-,econd , It is expected that this rate is in balance with the average rate capa-
bili t ies of other system ele ments , but would suggest that evaluation of ECA M
burst t ransfer  rates be checked via simulation prior to committ ing to the
desi gn.

If another combination of host and m aster is finally chosen , simu lation results
can be used to determine the required capability of the interface.
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4.2 ECAM ASSOCIATIVE ARRAY

In this section , the functions and logic of the ECAM Associative array are
discussed. The discussion covers the word logic and signal distribution
system and , briefly, the storage part requirements.

The ECA 1~-I Associative array is a memory which has a data processing capa-
bility at each individual word. This capability is provided by the Word Logic
Blocks (WLBs) which are connected as shown in Figure 57. A WLB operates
in a bit serial manner using a field (L) of its respective memory word as a
data source or destination. Each block contains an activity control called a
match bit (m).

L ‘ I • WL B

1 L  I J WLB

p L I 
~ • WLB

I —

L I IWLB

1 L I • WL B

_ _ _ _ _ _ _  

I • W LB

I • WLB
I —

L ‘

Figure 57 . Memory and Word Logic Blocks

The match bit determines the operational state of a WLB. If the match bit
is set (m = 1), the block is a participant. If the match bit is reset (m = 0).
the block is a nonparticipant. All WLBs operate in synchronism to execut e
commands which are broadcast to the array.

Several types of processing are possible . Data processing functions tran s-
form data fields by addition or subtraction of a value. They also search
participating words to locate the maximum or minimum. A compare opera-
tion ident ifies which are largei’, smaller , or equal to a broadcast value .
Match manipulation functions allow search and compare results to be
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combined. Thus , the array can execut e complex search expressions.
Input/output functions allow data fields to be entered int o or removed from
the array words.

To facilitate rapid input and output , the array includes I/O switches which
selectively connect the WLBs to 10 parallel I/O lines. Each I /O switch
serves 10 WLBs , as shown in Figure 58. During an I/O operation , each
rio switch examines both the WLBs it serves and control information de-
scribing the status of the I/O lines. The switch then connects as many as
possible of its participating blocks ’ unused i/o lines. The switch also re-
ports the number of connections made to the r io  control mechanism.

Control signals for the I/o switches are created in the Control Generator
Logic (CGL) tree (Figur e 59). The tree sums the number of responding
~VLBs in a hierarchical fashion and produces a list of partial sums which
control the I/O switches. The combined logic of the I /O switches and the
CGL tree facilitates multiple match resolution and responder counting within
the array. The tree also provides a pointer to the physical location of the
first responding WLB.

4. 2. 1 Array Physical Overview

As will be discussed in Section 6 , the array is implemented in cabinets of8. 4 x 107 bits or approximately 10 million bytes. Each cabinet contains thefollowing equipment :

• Thirty-two storage/word-logi c circuit boards

• Four storage buffer boards (board Type A) cabinet bu .ffer
circuit board (board Type B)

• A back panel , cable interface , and external connector assemb ly

• Modular power supplies

• A cooling system consisting of fans for the power supplies , and
fans/ducting for the circuit boards

Control signal distribution throughout the ECAM array is in the form of afan-out tree as shown in Figure 60. This technique takes advantage of the
ph ysical parallel structure of the array. Commands (called function codes)are issued by the slave controller to all words of the array. Distribution of
the function code signals is performed by a hierarchy of signal buffers as
shown in the figure. Tree-structured logic for i /O control and multiplematch resolut ion is packaged with the signal distribution buffers.
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A circui t board is the smallest plug-in replaceable unit. It has a storage
capacity of over 2. 62 million bits. A schematic diagram of one circuit board
is shown in Figure 61, Each board contains :

• Eight hybrid ci rcuit modules (all identical)

• Signal distribution buff ering circuitry

• Control generator logic (CGL)

The CGL is a tree-structured control circuit implemented in off-the-shelf
integrated circuits. It provides the control mechanism for the followin g
functions :

• In put/output

• Multiple match resolution

• Match counting

• Physical address determination of first responding hybrid

To achieve desirable i/O rates , the array has been provided with 10 pa rallel
i/ O  paths. The CGL allows selection of the array words which are to be con-
nected to the r io paths and controls the I / O  switches (discussed later) which
make the actual connection. The circuit board as shown in Figure 61 con-
tains approximately 52 standard integrated circuits and requires approximate-
ly 55 connector pins.

Each hybrid circuit module (Figure 62) has a storage capacity of 327 . 68 Kbits
and contains :

• Memory and word logic chips

• Signal distribution buffering circuitry (chips)

To simplify the structure and construction of the hybrid circuit module , the
CGL at this level has been designed into the Word Logic LSI Chips (WLLC) .

As stated previously the array design has intentionally been made as storage
technology-independent as possible. The baseline storage chip organization
is 10 words of 4096 bits each. Alternative organizations are discussed in
Section 6.

Each of the eight WLLC S in a hybrid consists of:

• Ten ~VLBs

• A 16-word by 10-bit static RAM (Match Memory)
• A 10-word , bit-serial I/O switch

• I/O and Multiple Match Resolver control logic

L 

• Function Code decoding logic
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The interconnection of these components is shown in Figure 63.

The WLBs comprise the data processing portion of the ECAM array . Each
WLB is di r ectly connected to one storage word (4096 bits). A \VLB can per-
for m such functions as:

• Add

• Subtract

• Compare with value

• Input ’output

• Ma ximum search

• Minimum search

• Between l i rT l it s search

Each \VLB (Fi g ’~r~’ ‘ 4 )  contains a match bit (m) .  In general , the ma tch bits
serve two purposes. Prior to an operation , the match bits indicate those
W LBs (and their  respective storage words) which will part icipate in a func-

• ‘i on. After an operation , the r~atch  bits indicate those ~VLBs (a nd storac~• words) which “ passed ’ the function. For example , prior to a Maximum
Sea rch function , the match bits indicate the storage words which will be
sea rched; and after the search , the match bits indicate the word (or words)
with the maximum value.

In addition to its match bit (m) ,  each array word has a match bit storage
memory of 16 bits. Thi s fea ture facili tat es evaluat ion of com plex search
expressions by allowing intermediate search results to oe stored and later
retrieved for combination with the results of additional tests. Word Logic
functions are provided for manipulation and storage of match bit results.

To ease implementation of the WLLC , the match bit storage vectors of the
10 WLBs are combined into a single 16-word by 10-bit RAM called the Match
Memory (MM) . This is shown in Figure 65 . Transceivers are provided to
reduce the number of interconnections required on the chip. Functionally,
the Match Memory still operates as if each WLB had its own dedicated 16-bit
match bit storage vector.

The i/o switch (Figure 66) allows the simultaneous bit ..-serial input or output
of up to 10 data storage words. Each WLLC contains one 10-path i/ O switch
which is connected to the 10 WLBs within the chip. The data I/O lines from
all I/O switches are combined (10 parallel) by a hierarchy of logic similar
to the signal distribution buffering. The If 0 switch is also an integral part
of the Multiple Match Resolver control logic within the ECAM array. In
single mode , the I/O switch selects the f i rs t  responding \VLB (m 1) within
the entire array. In multiple mode , the I/O switch selects the f irst  10 (or
less) responding WLBs. In either case , the respective storage word (words)
may then be input or output .
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To perform the Multiple Match Resolution function, each I/O switch requires
control signals which describe the number of detected responding words,
This control information is in the form of a list of partial sums. Each partial
sum indicates (modulo 16 with overflow) the count of responders beginning at
one end of the array. Rather than allow the sum to ripple through the array
(a time-prohibitive procedure), a summing tree is provided which computes
partial sums via a hierarchy of adders , As mentioned earlier, this logic,
called the Control Generator Logic (CGL) tree , provides the control mechan-
isni for:

• Input/output

• Multiple match resolution

• Match counting

• Physical address determination of first responding hybrid

The I/O and Multiple Match Resolver control logic ( Figure 67) generates and
combines match resolver signals in conjunction with the I/O switch and the
CGL tree.

The functions of the WLLC are directed by a six-bit Function Code (FC) . The
FC is decoded for i/O switch and Match Memory control by the FC decoding
logic. Also, each WLB contains logic (all identical) to decode the FC lines,
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Fi gure 67 . I/ O and Multi ple Match Resolver
Control Log ic

4. 2. 2 Word Logic LSt Chip (WLLC)

This chip (shown in Figure 68) is the bottom level of the ECAM Associative
array structure. It includes five functional subunits : The WLB , MatchMemory , I /O switch , I/O and MMR control logic, and the Function Decodelogic. These subunits are discussed below.

4. 2. 2. 1 Word Logic Block -- This section discusses both the hardware of
the WLB and the processing functions which it performs. For completeness ,the I/O and MMR functions which affect the WLB are included in this sectionalso.

The WLB (Figure 69) is the data processing element of the ECAM array.Three flip-flops determine the state of the block:

• Storage Latch (L)
• Match Bit (m)

• Temporary (T)

The Storage Latch captures and holds the most recent (current ) data bit read
out of the Data Storage chip. The Match Bit is used to indicate that the blockis an active participant in the current operation (search , count , 110, et c . ) .
The temporary bit serves several purposes, including Data Storage, Status
Indication, and Control.
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Processing of both data and state is performed by a combinatorial logic
block. The operation of the block may be conceptually broken into two steps :

• Decode

• Processing

One part of the bloLk decodes the six function control lines from the slave
controller. The decoded function opcodes direct data and state processing
which takes place in the “ALU ” portion of the block. Implementation of the
combinatorial logic block will be in the form of a programmable logic array
(PLA ) or read-only memory (ROM) .

The combinatorial logic block also provides outputs to (and accepts inputs
from) the Match Memory (MM ) and the I / O  switch. The match bit may be
stored in (or loaded from) the Match Memory. The match bit line also sup-
plies the I/O switch with information necessary for multiple match resolution
and high-speed I/O . Thc Global Data line (G) transfers data to and from the
I/O  switch. The Pointer (P ) is an output from the Multiple Match Resolver
circuitry that indicates the selected (resolved) word or words.

The ECAM word logic can perform three types of processing functions~

• Match manipulation

• Data processing

• Input/output

In general, these functions are supplied by the decoding of function codes
(FCs) and the combination of the decodes with array state or data.

In the function descriptions which follow, state or data variables which do
not have a new value explicitly stated remain unchanged. Also, some func-
tions may require setup processing (usually state manipulation) prior to the
iteration of the function across bit s of the selected data field.

4. 2. 2. 1. 1 Match Manipulation Functions -- The Match Manipulation
functions (Table 46) provide the capability of saving, restoring, manipulating,
and initializing word logic state contained in the match bit (m) and the tempor-
ary bit (T). The Match Memory functions move matc}~ state to or from the
Match Memory. The Boolean functions perform logical operations on tn and
T. The Initialize functions load m and T from the Global Data line (G) . The
Input/Output and Multiple Match Resolver functions determine the operationa l
state of the I/O switch and Multiple Match Resolver as well as effecting
match resolution.
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Table 46. Match Manipulation Functions

Function I Operation

• Match Memory to Match Bit (m — MM~ )

• Match Memory to Storage (L — MM~ )

Match Memory 
• Storage to Match Memory (MM~ — L)

• Match Bit to Match Memory (M M ~ — m)

• AND ( m - m . T )

• OR ( m - m ’ - T)

• Exclusive OR (m — m ~ T)

Boolean • Complement m (m —

• Exchange (m — T)

• Copy ( T —  m)

• Complement T (T — T)

• Initialize m (m — G)
Initialize • Initialize T (T ‘- G)

• Zero Hybrid Interface Register

• Load Hybrid Interface Register
I/O and MMR
Control • Capture Carry

• Report Carry

• Report Matches

• Select First m — P (slow)

Multiple Match • Select First Set m — P (fast)

Resolver • Discard First rn — m . P (slow)

• Discard First Set m — rn ~ (fas t)
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4 . 2 . 2. 1, 1. 1 Match Memory Functions -- The Match Memory functions
move match state information to or from the Match Memory. Transfers to
or from the match bit (m) and to or from the data storage (L) are possible.
The temporary bit (T) is used as a control variable. Addressing of the
Match Memory is performed by the four least significant function control
lines (FC 3 2 1. &~ 

The possible match state information transfers are
shown in Figure 70. The Match Memory functions are:

1) Match Memory to Match Bit. The Match Memory to Match Bit
function transfers the value of the addressed Match Memory bit (MM ~)
of each ar ray word to the match bit (m) of each array word. All
words participate in the transfer:

rn ‘- MM.

The temporary bit (T) must be initialized to 1 (T — 1). The transfer
equation is:

m — (T . \ IM .)  + (T m)

This equation is also used to implement the Match Memory to Storage
function when the temporary bit equals zero.

2) Match Memory to Storage. The Match Memory to Storage func-
tion transfers the value of the addressed Match Memory bit (MM~)
of the participating array words (m 1) to the current bit position
of the selected data storage field (L). The storage field of non-
participant words remains unchanged. The transfer is:

L — M M .
1

The temporary bit (T) must be inilialized to zero (T .- 0) . The func-
tion may be repeated to move all or part of the Match Memory con-
tents , The iteration equations are:

L — (m . \I\T ) + (ffj . L)

i n—  (T . MM.) + (T .  m)

These equations are also used to implement the Match Memory to Match
Bit function when the temporary bit equals 1.
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Figure 70. Match Stat e In formation Transfers

3) Storage to Match Memory . The Storage to Match Memory func-
tion transfers the value of the current bit position of the selected
data storage field (L) of the participating array words (m = 1) to the
addressed Ma tch Memory bit (MM~). The Match Memory bit of non-
participant words is cleared (set to zero). The t ransfer  is:

MM . — L
1

The temporary bit (T) must be initiali zed to zero (T ‘- 0) . The func-
tion may be repeated to load all or part of the Match Memory. The
itera tion equation is:

MM. — m (L + T)
1

The equation is also used to implement the Match Bit to Match
Memory function when the temporary bit equals 1.
4) Match Bit to Match Memory . The Match Bit to Match Memory
function transfers the value of the match bit (m) of each array word
to the addressed Match Memory bit (MM 1) of each array word . All
words participa te in the transfer:

MM. — m
I
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The temporary bit (T) must be initialized to 1 (T — 1). The transfer
equation is:

MM 1 — m (L -
~ 

T)

The equation is also used to implement the Storage to Match Memory
function when the temporary bit equals zero.

4. 2. 2. 1. 1. 2 Boolean Functions -- The Boolean functions perform
logical operations on the match bit (in)  and the temporary bit (T).  All array
words participate and no initialization is required:

• 1) AND. The AND function rep laces the match bit (in) with the logical
product of in and the temporary bit (T) :

in — m . T

2) OR. The OR function replaces the match bit (m ) with the logical
sum of in and the temporary bit (T) :

in — in T

3) Exclusive OR. The Exclusive OR function replaces the match
bit ( in) with the Exclusive OR of in and the temporary bit (T) :

m - m 9 T

4) Complement m. The Complement in function replaces the match
bit (m) with its logical complement :

m — ~~
5) Excha~g.~~ The Exchange function replaces the match bit (in)
with the value of the temporary bit (T) and simultaneously r eplaces
T with the value of m:

in — T

6) Copy. The Copy function rep laces the temporary bit (T) with the
value of the match bit (in) :

T — m

7) Com,,plement T. The Complement T function replaces the
t emporary bit (T) with its logical complement :

T - T
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4 . 2. 2. 1. 1. 3 Initialize Functions —- The Initialize functions t ransfer  the
value supplied by the slave contr oller via the Global Data line (G) to either the
match bit (in) or the temporary bit (T) . All array words participate:

1) Initialize m. The Initialize m function replaces the match bit
(in) with the value supplied by the slave controller via the Global
Data line (G):

m - G

2) Initialize T. The Initialize T function replaces the temporary bit
(T) with the value supplied by the slave controller via the Global Data
line (G) :

T — G

4 . 2 .  2. 1. 1.4 1/0 and MMR Control Functions -- The Input / Output ( I / O )
and Multiple Match Resolver (M M R )  control functions determine the opera-
tional state of the CGL tree , and consequently the state of the I / O  swi tch  and
Multiple Match Resolver.  Proper operational state is required for :

• In pu t /ou tpu t

• Multi ple mat ch r esolution

• Responder counting

• Responding hybrid address determination

Input/Output Control Functions Descri ption:

1) Zero Hybrid Interface Register. The Zero Hybrid Interface
Register function clears all Hybrid Interface registers as the first
step in establishing the proper operational state of the CGL tree:

HIF - 0

2) Load Hybrid Interface Register.  The Load Hybrid Interface
Register function causes all Hybrid Interface registers to capture
and retain their respective code values as computed b y the CG L t r ee .
The captured values are applied to the hybrid circuit modules as
the Match Count In. This function is the second step in I / O  switch
control preparation and multiple match resolution :

HIF - Count
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3) C~ pture Carry . The Capture Carry function causes all WLLCs
~o capture and retain their respective carry values as computed by
the CGL tree and by the I /O , MMR control logic on each chip. This
function is one of several which constitute an iteration process for
counting responders.

4) Report Carry . The Report Carry function causes all \VLLCs to
present their carry value (1 or zero) to the match count adders. This
function is one of several which constitute an iteration process for
counting responders. Under normal (noncounting) conditions , a match
count value generated by the I /O  switch is presented to the adders.
The WLLCs are restored to their normal state by the Report Matches
function,

3) Report Matches. The Report Matches function causes all \VLLCs
to present thei r I/ O switch-generated Match Count value to the match
count adders. This is the operational state required for [/0 swi tch
control preparation , multiple match resolution , and responding hybrid
address determination.

i’,r ~,:ltiple Match Resolver Functions Description: The Multiple Match Resolver
funct ions modif y the vector of match bits (m )  across the array in accordance
with the result of the Multi ple Match Resolver logic . The resolver produces
a pointer vector (F) which may indicate either the first  true match bit (m = 1)
or ~he first 10 or less true match bits. The ordering implied by the word

f i rs t ” is determined by the wiring of the resolver. This ordering is a rb i t ra ry ,
bu t deterministic. The CGL tree must be in ~he proper operational state be-
fore ~he Multiple Match Resolver functions will produce valid results . The
Multiple Match Resolver functions are:

I) Select First, The Select First function resets all match bits ( i n )
except the first  one as indicated by the pointer vector (F ) :

in — P (slow)

2) Select First Set. The Select First Set function resets all match
bits (in)  except the first 10 as indicated by the pointer vector (P ) .  If
less tha n 10 match bits are true prior to the execution of the function ,
then no bits will be reset:

m — P ( fa st)

3) Discard First .  The Discard First  funct ion rese ts  the  f i r s t  t rue
:~~atch  bit ( in)  as indicated by the  pointer  vector ( P ) :

in — in . P~ (slow)
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4) Discard First Set. The Discard First Set function resets the
f irs t  10 true match bits  (m) as indicated by the pointer vector (P).
If less than 10 match  bits are true prior to the execution of the fun c-

• t ion , then all bits will be reset :

r n — r n .  P ( f as t )

4 . 2. 2. 1. 2 Data Processing Functions -- The data processing functions
are:  Add/Subt rac t , Reverse Subtract , Ar i thmet ic  Compare , and Minimum !
Maximum . They are ar i thmet ic  and relational operations that are performed
over fields contained within participating words of the ECAM array.  The re-
sult of these functions is either a t ransformed data field or a match result .
If ‘~he word logi c match bits (in)  are viewed as a vector indicating the word
participants of a data processing function , then a match result may be viewed
as a transformation of the match vector so that the resultant match vector
indicates those words which were bot h participants and also satisfied the con-
~~tion evaluated by the function.

4. 2. 2. 1. 2 . 1 Add/Subt rac t  -- The A d d / Su b t r a c t  function is a multiple-
~se function which  adds the global value (G) supplied by the  slave control ler

~o the  value in the selected data f ield of each part icipating word (in = 1) and
replaces the data field with t h e  result of the addi t ion/subt rac t ion.  The
operation is bit-serial beginning wi th the LSB . The currently addressed data
storage bit is held by the data s torage latch (L) wit hin the \VLB .

The transformations which are possible with the Add “Subtract  function include:

L - L — G
L - L - G
L - L~ - 1
L - L - 1

L — L ‘
~
- 0

T - G � L

For each data bit , the  i terat ion proceeds by placing the b inary  sum of L , IV ; ,

and T into L. Simultaneously,  the  binary carry is placed in T. At th e  com-
pletion of the i tera t ion process , T contains the carry -out  of the  MSB.

The i te ra t ion  equations are :

L ‘- m ( L ~~~G~~~T)~~-~~~~T

T - m ( L . G ~~- L . T ~~- G . T ) -~-~~~~T

\ot ’~ that the values of L and T remain  unchanged in those words which  are
nonpartici pa nts (in = 0),  and that  the ma tch  bit of all \VLRs remains unchanged.

• 1) 0  
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Details of the Add/Subtract function transformations are as follows:

1) L — L + G. This use of the Add/Subtract function requires that
T be initialized to zero for all participating words (state manipula-
tion). The global value (G) is then supplied by the slave controller ,
LSB first , one bit at a time (one bit for each iteration of the function) .

2) L — L - G. To perform subtraction of the global value , the
temporary storage bit (T) of each participating word must be initial-
ized to 1 (carry-in = 1). Then , the global value (G) is supplied in
one ’s complement form. Alternatively, T may be initialized to zero
and G then supplied as two ’s complement.

F 3) L — L 
--
~~ 1. rncrementing a data field by 1 is done by initializing

T to 1 (T — 1) and adding zero (G = 0) .

4) L — L - 1. Decrementing a data field by 1 is done by initializing
T to zero (T — 0) and adding a global value of all ones (two ’ s comple-
ment form of minus 1).

5) L — L 0. The Add/ Subtrac t  function will result in no change
to the data field if T is initialized to zero (T — 0’ and the global value
is also zero (G 0).

6) T — G � L. This comparison may be performed LSB first by
executing the Add/Subtract  function in its L — L - G form and noting
the value of T at completion. A value of 1 (T = 1) indicates that the
global value was less than or equal to the field value. Both values
are assumed to be unsigned integers. Normally , T should be moved

in (by in — m . T) to record the result of the comparison.

4. 2. 2. 1. 2. 2 Reverse Subtract--The Reverse Subtract function subtracts
the value of the selected data field (L) of each participating word (m = 1) from
the global value (G) supplied by the slave controller , and re places the da t a
field with the result of the subtraction. The data transformation may thus
be describ ed as:

L — G - L

The operation is bit-serial beginning with the LSB. The temporary bit (T)
must be initialized to 1 (T — 1) prior to the iteration of the Reverse Subtract
function.

For each dat a bi t , the ite ration proceeds by placing the binary sum of L , G ,
‘ m d  T into L. Simultaneously, the binary carry (borrow) is placed in T . At
the completion of the i teration process , T contains the borrow generated by
the MSB.
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The iteration equations are:

L - m ( E ~~ G~~~T ) + ~~~ L

T - m ( t . G + t . T +G . T ) + i ~~T

The values of L and T remain unchanged in those words which are non-
participant s (in 0), and the m bit of all \VLBs remains unchanged.

4. 2. 2. 1. 2. 3 Arithmetic Compare--The Arithmetic Compare function
compares the value of the selected data field (L) of each participating word
(in = 1) with the global value (G) supplied by the slave controller, and codes
the result of the comparison into in and T:

rn T Condition

0 1 L < G

1 1 L = G

1 0 L > G

0 0 Nonparticipant

Proper operation of this function requires that the temporary bit (T) be made
equal to the match bit (in) for all words in the ECAM array (i. e. , T — M)
prior to beginning the iterations. The operation is bit-serial beginning with
the \ISB.

For each data bit , the iteration proceeds by comparing L and G and resetting
the match bit (m) if L <G , or resetting the temporary bit (T) if L > G. Once
either bit is reset in a particular WEB, neither bit will be changed again
(only one reset can occur per word) . At the end of the iteration process ,
\VLBs which have both in and T still true correspond to words where L = G.

The iteration equations are:

in -

• T - T ( i ~i + G +I )

This function does not change the contents of the data storage. Normally,
the encoded result should be moved to the match bit ( in)  or the Match Memory
(MM ) in order to prevent the value of T from being lost during subsequent
processing.

4 . 2. 2 . 1. 2. 4 Minimum/Maximum -- The M inimum/M a~~mum function is
a dual-use function which selects the participating word (in = 1) which contains
the minimum (or maximum ) value data field (L) . The selected word is
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indicated by a match bit value of 1. (The match bits of unselected participants
are reset. ) The two possible transformations are:

m — m . (minimum L)
or

in ‘- m (maximum L)

Multiple responses will result when more than one word contains the minimum
(or maximum) value. The operation is bit-serial beginning with the MSB.

The iteration process consists of two steps per bit of the selected data field.
The first step is the application of the Output function (Section 4. 2. 2. 1. 3) .
In the second step the slave controller broadcasts the value produced by the
Output function back to each word for comparison. The Output function in
this application result s in the OR of the current bit from all participating
words. The iteration equations are:

G — in . (T ‘? L) < output ORing >

and

rn - m~
The value of L is the same for both steps of the iteration.

Details of the Minimum/Maximum function are as follows :

1) Minimum. This use of the Minimum/Maximum function requires
that T be initialized to 1 for all participating words (T — in). This
causes the output function to apply L to the output OR. A true value
( 1) from the output OR indicates that at least one of the participating
words contained a zero at the current bit position. If a zero is de-
t ected , the Minimum/M aximum function (with T 1) will retain as
participant s only those participating words which contained a zero.
If a zero was not detected , all participants will be retained. At the
completion of the iteration process , only the word (or words) contain-
ing the minimum value in the selected data field (L) will be a participant.

2) Maximum. This use of the Minimum/Maximum function requires
that T be initialized to zero for all participating words (T — 0). This
causes the output function to apply L to the output OR. A true value
( 1) from the output OR indicates that at least one of the participating
words contained a 1 at the current bit position. If a 1 is detected ,
the Minimum/Maximum function (with T = 0) will retain as participants
only those participating words which contained a 1. If a 1 was not
detected , all participants will be retained. At the completion of the
iteration process , only the word (or words) containing the maxim um
value in the selected data field (L) will be a participant.
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4. 2. 2. 1. 3 Input/Output Functions -- The Input / Output functions are:
Input , Output , Flag Duplicates, Broadcast , and Output OR. They allow the

• loading or unloading of words (or fields within words) in the ECAM array.
The I/O switch permits up to 10 array words to be loaded or unloaded

• simultaneously in a bit-serial manner. Additionally , a single value may be
broadcast to all array words , or all words may be combined by logical ORing
to form a single output.

Details of the Input/Output functions are as follows:

1) Input. The Input function transfers data iron-i the Global Data lines
(G) to the selected data field (L)  of each participating word (in = 1).
The data transfer is:

L - G

The operation is bit-serial beginning with either the LSB or MSB.
No initialization is required and up to 10 words may be loaded simul-
taneously.

For each data bit , the iteration replaces the data storage bit with the
binar y value of one Global Data line. The mapping of Global Data
lines to array words is performed by the I / O  switch (Section 4. 2. 2. 3) .
The iteration equation is:

L - m . G + ~~~ . L

Nonparticipant words (in = 0) remain unchanged.

2) Output. The Out put function transfers data from the selected
da ta field (L) of each participating word (in = 1) to the Global Data
ILnes (G) . The data transfer may be in either true (L) or complement
(L) form. Thus , the data transfers which are possible are:

G - L

G - 1

The operation is bit-serial beginning with either the LSB or the MSB.
The temporary bit (T) must be initialized to zero (T — 0) for true data
transfer , and to 1 (T — 1) for complement data t ransfer .  Up to 10
words may be unloaded simultaneously.

For each data bit , the iteration places the value of the data storage bit
(true or complement) on the Global data line. The mapping of array
words to Global Data lines is performed by the I / O  switch (Section
4 . 2 . 2 .  3). The iteration equation is:

G - m (T 9 L)

All words , fields, and match bits remain unchanged.
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3) Flag Duplicates. The Flag Duplicates function is an adjunct to
the Output function. It detects those participating words (m = 1) in
which the selected data field (L) is equal to the field of the word being
output from the array. The state transformation is:

T - L  = G

The operation is bit-serial beginning with either the LSB or the MSB.
The temporary bit (T) must be initialized to 1 (T — 1).

For each data bit , the iteration process consists of two steps. First ,
the Output function is applied. Then , during the Flag Duplicates fun c-
tion , the slave controller broadcasts the output data bit back to the
array for compari son. The Global Data line (G) is compared with the
current data bit (L) and the result is placed in the temporary bit (T) .
The iteration equation is:

T - T ’  ( C3 G )

The match bit (m) of all \VLBs remains unchanged.

4) Broadcast. The Broadcast function transfers data from the first
Global Data line (G 0) to the selected data field (L) of each participating
word (in = 1). The data transfer is:

L . - G0

The operation is bit-serial beginning wit h either the LSB or the MSB.
No initialization is required and all array words may be loaded
simultaneously with a single value.

For each data bit , the iteration replaces the date storage bit with the
binary value of the first Global Data line, G0. The i/O switch operates
in the Broadcast mode to perform this function. The iteration equation
is:

L - i n .  G0 + i:n . L

Nonparticipant words (m = 0) remain unchanged.

5) Outout OR. The Output OR function transfers data from the Se-
lected data field (L) of each participating word ( n-i = 1) to the f irst
Global Data line (G 0). In the process , the bit output of each array
word is logically Ofled with the bit outputs of all other part icipating
words. The source data may be in either true (L)  or complement
(L) form. Thus , the data t ransfers which are possible are:
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G0 ‘- L (ORing)

G0 ‘- C (ORing)

The operation is bit-serial beginning with either the LSB or the MSB.
The temporary bit (T) must be initialized to zero (T — 0) for true
data Ofling, and to 1 (T — 1) for complement data ORing. All words of
the array may be ORed as output simultaneously.

For each dat a bit , the iteration OR’ s the value of the data storage bit
(true or complement) onto the first Global Data line. The selection
and ORing is performed by the I/O switch which operates in the
Output ORing mode to perform this function. The iteration equation is:

G0 ‘- m~ (T e L)

All words , field s , and match bits remain unchanged.

4. 2. 2. 1. 4 ECAM Associative Array Functions Summary -- Table 47
present s the ECAM Associative array functions in tabular form. The mean-
ings of the columns are discussed in the following paragraphs.

Control of the array is established by both the word logic FC lines and the
storage control lines (shi ft , RMW ) . The first 32 FCs (00-iF)  use the four
LSBs (3 , 2 , 1, 0) to address the Match Memory. Th ose same codes also use
the 4emporary flip-flop (T) a~ an additional control variable. Note that only
the Read and Modif y modes of the storage device are used. The Write mode
is not required. Function Codes 3D through 3F are currently shown as
performing no operation (i. e . ,  they are identical to NOP , 37) . Those code s
are reserved for maintenance functions which have not been defined. One
possible maintenance feature would be the inclusion of a Fault flip-flop (F)
in each WLB. Reserved codes would be used to control and sense this flip-
flop. A short discussion of the use of such a flip-flop is presented in Section
6 .4 .

The Function column describes each array activity in symbolic form. The
Local Match Input column lists the logic equations applied to the input of the
match bit flip-flop (M). The Temporary Input column lists similar equations
for the temporary flip-flop (T) .

The Match Memory requires both input and control. The input equations are
listed under the MM 1 Input heading. The symbol X indicates a “ don ’t care
input . The equations sho’.vn also serve as input to the I/ o  switch. There-
fore , some functions list a value even though the Match Memory is not af-
fec t ed . The Read/Wri te  control is meaningful only when the Match Me m ory
is enabled (E N A B  = 1).
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The Global Data columns list both the output equation (input is determined bythe slave controller) and the I/ O switch controls. The F/S/B column desig-nate s Fast (F) ,  Slow ( S), or Broadcast (B) as the operating mode of theswitch. The Input and Output functions require that the switch not be in theBroadcast mode. For those functions , fast or slow is determined by a pre-viously executed Resolve function (such as Select First) .

The Storage Part columns show the storage device input equations and thestorage data latch (L) control signal (ENAB). A 1 indicates that the latch isenabled to capture a data bit from the storage device.

The Notes column provide s explanatory comments for many of the functioncodes.

4. 2. 2. 2 Match Memo!y -- The Match Memory (Figure 71) is a 16-word by10-bit static RAr~.-I. Each of the 10 data bits is dedicated to a particular WLB .To minimize conductor paths on the WLLC , the input s and outputs are com-bined into bidirectional lines by transceiver circuits. Word addressing iscontrolled by the four least-significant FC lines (FC 3 2 1 ~~ 
The control

signals , Enable and Read/Wri te , ar e derived fr om the FC by the FC Decoding
logic . Because the memory is static , no special clocking or refresh cir-
cuitry is required.

As mentioned earlier, the consolidation of match bit storage vectors into a
random-access Match Memory is a means of achieving packaging efficiency .
It does not limit the information processing or searching capabilities of thearra y.

4. 2. 2. 3 Input/Output (I/O) Switch -- The I/O switch (Figure 72) is the data
transfer element of the ECAM array. All data being transferred to or fromthe WLBs and data storage devices passes through an I/O switch. There isone switch on each WLLC.

4. 2. 2. 3. 1 Interfaces -- Each switch serves 10 \VL~~s. Each WLB sup-
plies the switch with that block ’ s match bit. (The same line also connects tothe Match Memory. ) The switch generates the pointer bit (P) which is partof the Multiple Match Resolver (M M R )  logic . Te n bidirectional data lines
connect the I/O switch to the ~VLBs .

All of the I/O switches are connected to a common I/ O  port. Conceptually ,
the 10 data I/O (DIO) lines from all switches are Oiled together in parallelto form a 10-line port. In reality, the ORing is performed in stages at the
hybrid, board, and cabinet levels by buffering logic.

The FC Decoding logic supplies each I/O switch with signals which control
the operating mode of the switch .
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The I ’O  and MMR control logi c supplies each i /O switch with shift enables
which indicate the number of available DIO lines. In turn , the i /O switch
supplies the I / O  and MMR control logic with Match Count signals which
indicate  the number of data i /O lines required by the switch.

4 . 2 . 2. 3. 2 Opera t ing Concept -- The operation of The I / O  switch is shown
conceptually in Figure 73. A switch matrix selects the ‘ first ’ 10 participat-
ing words (m 1) and switches them onto the f i rs t  available I / O  lines. For
exa m ple , assum e the words 4 , 5 , and 9 are participants. If an i/O  switch
:i~ her ~ri ~he array has alread y used one I / O  line , the n the switch pict ur ed
r~-~’,:s4 route data f rom word s 4 , 5 , and 9 to I / O  lines 2 , 3, and 4. The switch
~—, ‘,~sT also produce a Ma T ch  Count value (equal to 3 in this case) which can be
added -o previous match counts , thereb y providing a control input to sub-
seq uent i /O  switches. The Match Count additions are performed by the i/O
and “.IMR control logi c and by the CGL tree. The P vector indicates the first
(o r f ir s t 10) responder (s) of the entire array.
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Figure 73. 1/0 Switch Operation Concept

4. 2. 2. 3. 3 Implementation -- The I /O  switch operation concept is im-
plemented as a triangular matrix which performs two functions:

• Selection
• Shif t ing

160 



147

- .  - -

Participating array words are selected on the bas is of the match bits (m) .
~elec ted Word Data I/ O (WDIO) lines are connected to Logical Data I/ O
(LDIO) lines which are then shifted to Physical  Data I/O (PDIO) lines.

The selector matrix is shown in Figure 74 , The matrix is triangular because
the f irs t word , if matched , will al ways connect to the f i r s t  logical data line.
The seco nd word can connect to eithe r of the f i r s t  two logical data lines , and
so on. The selector matrix is controlled by a Connection Enable (CENAB)
signal which propa gates in a stairstep fashion thro ugh the matrix . Matched
words cause the enable to be passed up and ~ the ri ght on the next level.
No n-matched wo rds cause the enable to be passed to the right with no level
chan ge. The final  level of the enable indicates the number of matches de-
tec t ed by the I/ O switch.

_r~-~- ~~~I ~~~~~~~~~~
- - — —5 ~~~0

- -  - —  _ _ _ _

I I
I i  1

C’,A BLE 
— — I I _________

I I
I I I I
I I I I

I ( I
I ( I i

0 1 2  ~~~4 6 7 8 9

WORD DATA 0 LINES

Figure 74. Selector Matrix

The sh i f te r  matrix is shown in Figu re 75. The matrix is tr iangular because
the f i r s t  LDIO line may require  connection to all 10 PDIO line s . The second
LDIO iine can be shifted to only nine of the PDIO lines , etc . The shif te r
mat r i x is controlled by 10 Shift  Enable (S ENAB) signals which run diagonally
through the matrix.  Only one Shift Enable is ene rgized at a time . The value
of the Match Count In controls selection of the proper Shift  Enable. If more
tha n 10 responders have been selected by the previous I / O  switches , no Shi f t
Enables will  be energi zed .
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The I/ O switch is designed to per -fo r-rn fou r func t ions :

• Input

• Output

• Broadcas t

• Output ORing

Th~’se funct ions c rrespond to the operat ing modes shown in Fi gure 76 .
Broadcas t ing  is an Input mode and Output OR ing  is , of coursc , an Ou tput
mode.

The I/ O switch allows both m u l t i p l e  ( f a s t )  and single ( s low) input . In t h t ’
Multiple Input mode , the “ fi rs t” 10 pa r t i c ipa t ing  (m = 1) a r r a y  wo rds are
lo ’~’Jed si multaneously in b i t -ser ia l  fashion from the 10 PDIO lines . If the re
are less than 10 participating words , then only the pa rticipating words will
be loaded and unused PDIO l ines wil l  be ignored .

In the Sing le Input mode , the “ f i r s t ” pa r t i c ipa t ing  (m 1) a r r a y  wo rd is load-
- ‘ 1 in b i t - se r i a l  f a sh ion  f rom the f i r s t  PDIO l ine , POlO 0. The r e m a i n i n g

PI)I () l ines will be ign o  N d .
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Fi gure 76. 1/0 Switch Mode Control

Selection of the “ f i r s t ” one (or 10) part icipat in g a r r ay  wo rds is p e r f o r m e d  by
the I/ O and MMR control logic operat ing in conjunct ion with  the CGL t r ee .

The I/ O switch allows both mul t ip le ( f a s t )  and sing le ( s low)  output . In ~he
Mul t ip le  Output mode , the “ f i r s t ” 10 par t ic ipat ing (m = 1) a r r ay  words a re
unloaded simultaneously in bi t -ser ial  fashion onto the 10 PDIO lines.  If
the re are less than 10 par t ici pat ing words , then only the par t ic ipat ing words
will be unloaded.

In the Single Output mode , the “ f i r s t ” par t ic ipa t ing  (m = 1) array word is
unloaded in bit -ser ial  fashion onto the f i r s t  PDIO lin e , PDIO 0.

Selection of the “ f i r s t ” one (or 10) pa r t i c ipa t ing  a r r ay  words is pe rfo rmed by
the I / O  and M M R  cont rol logic operating in conjunct ion with  the CGL t re e .

In the Broadcast  Input mode , all participating (m = 1) ar r a y  words  a re  loaded
simultaneously in b i t - s e r i a l  fashion f r o m  the f i r s t  P1)10 l ine , P1)100. For
p rope r operation , the remain ing  P1)10 l ines  mus t  be ei the r- :‘o’ro or ident ica l
to the data on the f i r - s t  P1)10 line.

Because the FC Decoding logic f o r t -~~~ the  f i r s t  Sh i f t  Enab le  l ine  ( S E N . -\ 13~~
) to

be true when the Broadcast mode is used , the I/O and MMR Coflt rol logic  and
the CGL tree do not affect  the operation of the swi tch  dur ing  B roadcast Input
m ode.
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In the Ou tput ORing mode , all pa rt icipatin g m = 1) a r ray  words are ( I 1~.~d
simul taneously in bit-serial fashion onto the f i r st  POlO line , P OlO 0.
Because the FC Decoding logic forces the f i r s t  S~~ ft Enable  ( SEN ~~B0) l ine  to
be tru e when the Output ORing mode is used , the I/ O  and MMR control logic
and the CGL do not affect the operation of the switch during ORING output.

The implementation of the I/O switch is rea l ized  by combin ing  the se lec tor
and shifte r matrices into a common I/O switch matrix with input and outpu t
controls.  The mat rIx  is constructed with three type s of logic bui ld ing  blocks:

• Type A - Word Logic Interface

• Type B - Selec tor/ Shi f te r

• Type C - Physical Data Inte rface

The blocks are in te rconnec ted  as shown in F igure  7 2 .

The Word Logic  In te r face  block ( F i i u r e  77) conv e r t s  the b i d i : -ec t i on a l  010
l ’~nc (G) f rom a ~‘:LB into two un id i r ec t i ona l  Word Data liacs , \VDI and WDO .
It also provides  b u f f e r i n g  for  the Po in t e r  signa l (P)  and i n v e r s i o n  of the m at c h
bit  (m) .

INPUT OLTPUT

~~~~~— — — —  —~~~~

~iATCH I Ic’) I MATCH
I MATC~

I A  
_ _ _ _

DATA .0  
_ _ _ _ _ _ _ _ _ _ _ _ _ _

PO IN T ER LI. _<E
~~ii — 

F’

Figure 77 . Word Log ic In te r face  fllock
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The Selector/ Shif ter  block exists in three nearly identical forms. Form s Bi
and B3 (F i gur e  78) d i f fe r  onl y in the source direction of the leftmost CENAB
input. Form B2 (F igure  79) contains an additional gate (N o . 10) which effe cts
mul t ip le/ s ing le  control .

Selection and shi f t ing ,  although co-located in the Type B blocks , are icnction-
all y distinct  and operate independentl y. Selection is accomplished by Gates
1 through 5 and Gate 9 . Gates 1 and 2 are used to control connection betweena word and a LDIO line. If the wo rd connected to the block has its match b it
set (m = 1). and the LDIO line which passes through the block is the f i r s t  one
available , then the output of Gate 2 enables the connection and propagates theenable (CENAB) to the next LDIO (now the first one available). If the match
bi t  is not set (m 0), but the LDIO is avai lable , then Gate 1 propagates the
enable to the next block on the same LDIO . Gate 9 combines two CENA B
sources for  the next block. Gates 3 and 4 make the conne ction between the
Wo r — i  L)ata lines and the LDIO lines. Gate 5 generates the P pointer  thatenables the word itself (match resolut ion) if a PDIO is available.

Sh i ft i n g  is perform ed by Gates 7 and 8 which connect the LDIO lines to the
PDIO l ines when the SENAB line is tru e ( SENAB = 1). D r ive r  6 gene rates as~.~nal (LPC)  indicating that a logica l - to-physical  connect ion has been made ,
This signal is necessary because not all of the wo rds connected to LDIO l in e sm ay ac tually be connected to physical da ta lines by the shifter .  The coinci-
ience of match (m), CENAB , and LPC gene rates the Pointe r signal , P.

In the Type B2 bloc k , Gate 9 is used to introduce the B r o a d c a s t/ S w i t c h  control
l ine into the switch matr ix .  This line , when energ ized  in conjunc t ion  w i th
SENA B 0 causes the data received as input on the fir -s t  ( l e f tmos t )  PDIO line to
be b roadcast to all  acti~~ (m = 1) WLBs. The data received on all the r emain-ing physical data lines must  be eithe r zero or identical to the data on the f i r s tP1)10 line . In the Output mode , energiz ing  the Broadcas t/ Swi t ch  cont rol l inein conjunction with SENA B0, causes the data supplied by all act ive (m = 1)
WLBs to be ORed togethe r and applied to the f i rs t  ( lef tmost)  PDIO , PDIO 0.
The PDIO line Inte rface b lock (F i g u r e  80) converts the b id i r ec t iona l  P1)10 l ineinto two unifi rectional Physical Data l ines , PDI and P1)0.

4 .  2 . 2 . 4  ILO and MMR Control  Logic  -- The I/ O and M u l t ip l e  Match  Reso lvercontrol logic (F igure  81) generates cont rol signals for  the I~() switch . It alsogenerates and combines Match Resolver signals in conjunctio n wi th  the c ;i.tree.

The logical componcnts of the I/ O  and M M R  control  log ic  a r ~ a dt ,’ ’der . inencoder , and an adder.

The decoder (F i gu r e  82) is connected to the M a t c h  Count In (M CI )  and Disables l4 n a l  l ines . It t r ans fo rms  those l ines into the 10 SE N A B  l ines w h i c h  cont rolthe shi f t e r matrix in the I/ O  swit ch . The decoder also pr ovides an input  forthe Broadcas t/ Swi tch  si gna l w h i c h  is generated by the FC Decoding log ic .
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Fi gure 80. Ph ysical  Data Line Interface Block

The encoder (Figure  83) is connected to the final  CENAB s l ines in the I/ O
switch . It t ransforms those 10 line s int o four  i\I atch Count l ines which are
inputs to the adder . The encoder also contains the carry f l ip-f lop and a con-
trol f l ip-f lop,  both of which are used during responder counting.

The adde r (Figure 84) adds the value applied on the five Match Count In l ines
to the match count indicated by the ‘ncoder outputs . The sum is the Match
Count Out. The adder consists of thFee fu l l  adder circuits , a half adder , and
an OR gate.

The I/O and Multiple Match  Resolve r control logic controls  the I / O  swi tch
during the following operations:

• Input/Output

• Multiple Match Resolution

• Responder Counting

During I/ O and Mult ipl e  Match Resolutio r , the 1/ 0  and  M M R  control logic
decoder transforms the Modulo  1C p l”a overf l ow r ep i  osentation of the number
of responders “ above” the cont rol led I/ O swi tch  i~~tn SENA J3s which result in
the connection of Logical Data l ines to unused I ’hvs ica l  Data lines . Mean-
while, the encoder converts the CENAB signals , which indicate the number
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of responders detected by the controlled I / O  switch , to a binary representa-
tion which is used by the adder to compute the number of respo nders detected ,
including the particular WLLC .

During Responder Counting, the encoder f i rs t  presents the number of detected
responders to the adder for accumulation. After the slave controller has
received the Modulo 16 result, the adder carrys are captured by the capture
fl ip-flop in each encoder. The control flip-flop is then set , causing the en-
coder to present the number of carrys (0 or 1) to the adder for  accumulation.
Carrys  are captured and accumulated until no overflow exists at the slave
controller . With each iteration , fou r  bits of Responder Count value are
recorded at the slave controller.

4. 2 . 2. 5 Function Code Decoding Logic -- The FC Decoding logic (F igure  85)
is a combinatorial logic block which generates specific control signals re-
qui red  on the WLLC. Its function is analogous to that of the FC Decodi ng
portion of the WLB.

MM ENABLE

(o ______ 
M M READ?iNRITE

I
i MULTIPLEiSINGLE

FUNCTION 2 I FUNCTION INPUT/ OUTPUT

CODE 
-J 

DECODE BROADCAST / SW ITCH

4 V CAPTURE CARRY (OP X)

15 REPORT CARRY OPY )

REPORT MATCHE S (OP R~~

Figure 85. Word Logic Function Code
Decoding Logic

4. 2. 3 Hybrid Circuit Module

The organization of a hybrid circuit module is presente d in F igu re 86 . The
components and their interconnection are discussed first. Then the ope rat ion
of the hybrid  during certain ar ray  operations is described .
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Each hybrid circuit module contains eight sets of WLLC Data Storage chip
combinations. Thus , a single module provides 80 ECAM array words. The
module also contains signa l buffer ing circuits which are standard , commer-
ciall y available chips.

In addition to the usual power and ground distribution , the hybrid circuit
module contains interconnections for  clock , data , and control.

Two clock distributions are provided . The Storage Clock lines serve the
Data Storage chips. A separate set of Clock lines is used by the WLLCS
(WLC Clocks) . Baseline storage devices are shown in the figure.  Alterna-
tive devices may have d i f fe ren t  clocking requirements. Ten bidirect ional
DIO lines (called P1)10 in the I/O switch) are wi re -ORed from each WLLC.
Bidirectional buffers  (t r ansce ivers)  are used at the hyb rid connecto r pins .
Control of the Data Storage chips is supplie d by four  Storage control lines
‘.vhich are conne cted directly to those chips. Function control of the WLLCs

~s supp lied by the six FC lines.

I / O  switch and M\ I R control is both supplied to and gene rated in the hybr id
c i r cu i t  module. The Hybr id  Inte rface (HIF ) c i rcui t s  capture the Match  Count
In and Disable control signals to the hybr id  (C a r r y  is captured in the f i r s t
\VLLC).  Additionally,  each \VLLC generates four  Match  Count Out signals
and a Disable signal which are connected to the next chip. The outputs f rom
the last chip are supplied to the CGL tree.

The hybrid circuit module uses funct ion control signals and I/ 0/ M M R  control
signals. FunctionCodes (FC) applied to each WLLC control both the actions
per formed by the WLBs , and also the operating mode of the I /O  switch. These
functions are described in Section 4. 2. 2. 1. The I / O / M M R  control signals are 

V

supplied by the CGL tree (board level) . They consist of Match Count In ,
Di sable , and Carry In. The controls support the operations of Input/Output .
MMR , and Responder Counting.

The Match Count In is fou r lines which are binary coded to represent the
numbe r of responders which have been detected “ above” the W LLC to which
the count is applied . The I / O  switch will not connect a WLB to an I / O line
when the Match Count In is greater than 10. Each WLLC adds the number  of
responders (m = 1) it detects to the Match Count In to produce the Match
Count Out. The Match Count Out becomes the Match Count In of the next
WLLC The final  Match Count Out informs the CGL tree of the number of
matches detected by the hybr id . NOTE: ~vIatch Count In to a hyb r i d  and

~.Iatch Count Out f rom a hybrid are not used simultaneousl y. Section 4. 2 . 4
losc r ibes  the operation at a highe r level .  The Match Count In signal to a

hybrid  is not used dur in g the Responder Count ope ration.

The Disable control signal is generated (b y the CGL tree or by a WLLC when
the accumulated Mat ch Count exceeds 15. Once gene rated , the Disable con-
trol  signa l is propagated to the end of the a r ray .  This signal is necessary
beca use the Match Count lines contain the result of Modulo 16 addit ions . The
Disable si gnal is not used dur ing the Responder  Count operation.
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During the Responder  Count operation , the Carry In signal to the hyb rid indi-
cates that a carry has occurred  in the CGL tree.  The carry will be captured
:n the f i r s t  WLLC and counted on the next iteration. The Carry In pin of each
of the r emaining sevel WLLCs in the hybr id  is fo rced to a log ic  zero.  Add~- r
ca rr vs  in those chips will  be captured wi thin each chip. The Carry  In signa l

- ‘ is ignored during Input/ Output  and MM R ope rations.

4. 2 . 4 Ar ray  Stor age Board

The organizat ion of an a r ray  Storage Board is presented in F igure  87 . The
components and their  interconne ction are  discussed below .

Each Storage Board contains :

• Eig ht hybr id  c i rcu i t  modules

• A CGL tree (Leve ls  1. 2 , and 3)

• Funct ion  Code decoding and b u f f er i n g

• Interconnect  signal b u f f e r i n g

flne board comprises  the storage , process ing , and control  hardware  f o r  1340
a r ray  words (each 4096 bi ts  in length) .

One hybrid c i rcui t  module  contains 80 Data Storage words  and 80 WLBs (pro-
cessing e lements).  The cons t ruc t ion  an d oper at i n of the hybr ids  are dis-
cussed in Section 4 . 2 . 3.

The CGL tree (F igure  88) controls  the operat ion of’ the I / O  switches and p ro-
vides the i\IM R capability for  eight hybr id  c i rcu it modules .  It also gene rate s
Responder Add ress signals which identif y the f i r s t  hybrid circuit  module
which contains a pa rt icipat ing (m = 1) a r r ay  wo rd.

The FC Decode and Buf fe r ing  logic is a read-only memory  (ROM ) or program-
mable  logic a r ray  (PLA ) which generates board and hybr id - l eve l  con t ro l
signals based on the FC lines. This logic also serves as a buffe r fo r  those
lines and thereby aids  signal d i s t r ibu t ion .

The Interconnect s ignal buf fe r ing  reduc es the signal load r e q u i r e m e n t  c rea ted
by the ca rd . It also increases the dr ive  and ORing capabi lity  of s ignals
leav ing  the ca rd.

In add i t ion  to the usual power  and g round d i s t r i bu t i on , th~ a r r ay  c i r c u i t  board
con tains interconnections for  clock , da ta , and control .
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Two identical clock distributions are provided. Each consists of a set of
three lines and each is connected to the hybrid circuit modules. One set
serves the Data Storage chips , while the second serves the WLLCs.

Ten bidirectiona l DIO lines are wire-ORed from each hybrid circuit module.
Bidirectio nal buffers (transceivers) are used at the card connector pins.

Control of the Data Sto rage chips within the hybri d circuit modules is provided
by four Storage Control lines which are conne cted to each hybrid. Function
control of the WLLCs is supplied by six FC lines which are also connected
to each hyb rid. The FC Decoding logic generates an I/ O cont rol line which
is used by the hyb rids and the data transceivers. In addition , the FC Decod-
ing logic produces two controls for the HIF logic within the CGL tree , and
buffers the six FCs before they are applied to the hybrids . I/ O switch and
MMR control signals are created within the CGL tree and applied directly to
each hybrid. Eleven cont rol signals (six in and five out) are used to connect
the circuit board to the more global levels of the tree ( cabinet buffe rs , etc. ).
The Responder Address lines (3) which originate in the CGL tree are sent to
the card connecto r for combination with signals from other cards and used
by the slave controller .

4. 2. 5 Control Generator Logic (CGL) Tree

This logic structure deserves additional discussion. In the following para-
graphs , the structure of the tree is presented fi rst , then the overall opera-
tion is described , and finally, the operation of the indi dual component s is
explained .

4. 2. 5. 1 Structure -- The structure of the CGL tree is evident in Figure 88.
Packag ing constraints require that the numbe r of chips contained in each
hybrid circuit module be minimized. The refore , the tree structure is not con-
tinued within the hybrids. Instead, a ripple technique is used to control the
I/ O switche s within the hybrid. Refe r to Section 4. 2. 3 for details. The re-
suit of this break in the unifo rm ity of the tree structure is that HIF circuits
are required. These circuits (located within the hybrid ) consolidate the
ope rational differences that exist between the tree structure and the ripple
stru cture .

Identical building blocks are used to implement the branch nodes of the tree.
The tree structu re is continue d by interconnecting array Sto rage boards to
sim ilar logic on the Storage Buffe r and Cabinet Buffe r boards and at the sub-
system level. The logic at the highe r levels is not described in this section.
It is merely a continuation of the tree structure.

The base of the tree is connected to the slave controller. It indicates the
Modulo 16 count of the number of active (responding) array words. The tree
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also supplies the slave controller with the address of the first responding
hybrid . The Address lines (RA 0. RA 1 RA~ ) are wire-ORed across
arra y circuit  boards .

4 .2 .  5.2  Ove rall Opera tion -- The CGL tree provides control enviro nm ent
for the hybrid circui t modules. The operations controlled by the tree include:

• I/O Preparation and Multiple Match Resolution

• Responder Counting

• Responding Hybrid Address Gene ration

4. 2. 5. 2. 1 I/ O Preparation and Multiple Match Resolution -- The result
of this operation is the selection of one array wo rd or a set (maximum 10)
of arra y words. The word (or words)  selected is the f i rs t  of the matched
(m = 1) words of the array. While the actual selection is perfo rmed by the
I/ O switches , the selection is based on the outputs of the CGL tree.

The tree receives a match count f rom each hybrid indicating the number of
matched ar ray  words within the hybrid . The tree combines the match counts
to produce a series of pa rtial sums , one for each hybrid . ~ part ial sum
(called Match Count In)  indica tes to a hybrid the number of matched words
which hav e been detected in previous hybrids.  The partial sums are repre-
sented Modulo 16 with an overflow indication.

During I/ O Preparation , ei ther one or a set (maximum 10) of words is
selected. This is controlled by the Mult iple/ Single  control derived from the
FC. During MMR , usuall y one word (the f i rs t )  is selected , again us ing the
Multiple/ Single control. The two functions are the same. Only the objective
may be considered different .

The tree structure is fully combinatorial and does not , if fully implemented,
require a sequence of operations to reach its final state. Howeve r , becau se
the tree is not implemented within the hybrid circuit modules (a packagin g
restriction), and because the hybrids do not follow the interconnection rules
of the t ree , a two-step operating sequence is required .

First , the FrIF registers are cleared . This causes the Match Count In of each
hybrid to equal zero. The hybrids will each simultaneously accumulate their
own Match Count sum by ripple adding the count of each WLLC. When the
sums reach the Match Count Out lines of each hybrid , the tree begins gene r-
ating partial sums by using a hierarchial  adding technique. When the partial
sum s are present at the inputs of the I-HF registers , the first  operating step
is complete.
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As the second step, the HIF registers are loaded with the pa rt ial sums gener-a ted by the tree. This causes each Match Count In to equal the sum of thepreviously supplied Match Count Out values, or

MCI~ = MCO.

The hybrids will the n simultaneous ly accumulate new partial sums internallyuntil the Match Count In of each WLLC is correct. The final Match Count Outof the hyb rid will be Supplied to the CGL tree , but is not used,
4. 2. 5. 2. 2 Responder Counting -- The object of the Responder Countingoperation is to inform the slave controller of the total number of matched(m 1) words within the array. The counting is perfo rmed by an iterationproccss that produces fou r bits of resul t at the slave controller with each iter-ation.

To initialize the array, the 1-fIF registers are first cleared . This causes theMatch Count Out generated by each hyb rid to indicate the Modulo 16 repre-sentation of the number of matched words within the hybrid . The tree com-bines the Match Count in successive stages until a four-bit result is producedat the base of the tree. The four bits rep resent the least significant four bitsof the responder count . If the Overflow signal at the base of the tree is zero ,the counting is complete,

In the summ ing process, carry s are gene rated at each point in the tree whe rethe sum exceeds 15. These carrys are propagated back toward the hybrids .The Capture Carry FC causes the carrys to be latched in fl ip-flops in thehyb rids. Tree-generated carrys are captu red in the first WLLC of a hybr id.Carrys which are generate d within the ripple adder stru cture of a hybrid aresimultaneously captu red in the seven remaining WLLCS in each hybrid .
After the carrys have been captured the Report Carrys function is executed .This FC disables the I/O switch so that it does not detect matches. The CarryCapture flip-flop then presents its value (1 or 0) to the adde r. A Modulo 16sum of carrys is then gene rated by the adders and may be removed by theslave controller at the base of the tree. This sum represents the next fou rbits (more significant than the previous four) of the Responder Count . If theOve rflow signal at the base of the tree is zero , the counting is complete. Ifnot , carrys are again captured and another four bits of sum are generated .
When the èounting is complete , the Report Matches function is executed . Thisresto res the I/O switch to its normal match-detectj~~ state. Because fou rbits of sum are gene rated with each iteration , no more than I = (log~N) / 4ite rations are required , where N is the number of responders (matches) andI is rounded upwa rd to an integer value.
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During I/ O Preparation and Multiple Match Resolution , the CGL tree indi-
cates . in bina ry, the physical address of the hybrid circuit module which
contains the first responding (in = 1) array word . The address is present on
the Responder Address lines (RA 0, RA 1, . . .  , RA E) afte r the H1F registers
have been cleared but before they are reloaded.

4. 2. 5. 3 Component Operation -- The HIF consolidates the operating differ-
ences between the CGL tree and the hybrid circuit modules. One HIF block
is shown in F igure 89. This logic is located in the hybrid circuit modules.

When the Zero Hybrid Interface Register FC (OP Z) is execute d , all HIF
flip-flops are cleared . When the Load Hybrid Interface Register FC (OP L)
is executed , all 11fF flip-flops are simultaneously loaded with the code value
supplied by the CGL tree.

The Control Generato r Logic block (Figure 90) is the basic unit of the CGL
tree. Each block connects to one block on the right (trun k or base side) and
to two blocks on the left (leaf side).

The block contains two adders and two OR gates which are used for most
functions . The adder and gate at the lower left combine tt~ Match Count andOve rflow signals from two sources (blocks or hybrids) and pass the result to
the right. An Overflow signal from this adder constitutes a carry which is
passed to the hybrids for captu re during Responder Counting. The adder and
gate at the upper right combine the Match Count and Overflow signals from the
upper source with the Code and Disable signal s from the block on the trunk
side to produce Code and Disable signals for the block or hybrid to the lower
left (leaf side) . The Code and Disable signals contain pa rtial sum information
like the Count and Overflow signals, but they propagate toward the leaves
rather than toward the trunk of the tree. At the base (trunk ) of the tree , theCarry, Code , and Disable signals are hardwired to zero .

The three remaining gates detect the occurrence of no responses above with
one or more responses below. This serves as a binary Responder Address
line. All Responder Address lines generated at the sam e tree level are ORed
together.

4. 2. 6 Associative Array Summary

The elements of the ECAM Associative Array have been presented and dis-
cussed. Word Logic Blocks provide each Storage Word with a processing
capability that supports Associative array functions. A RAM supplies the
WLBs with a workspace for intermediate- result storage during evaluation of
complex search expressions. A unique switch mechanism enables high-speedinput and output. The I/ O switch comb ines with a tree-structured control
scheme to perform Multiple Match Resolution and Responder Counting . Ahie rarchy of signal distribution and buffering is mated with the CGL tree totake adva ntage of the various packag ing techniques and thereby assure aneasily implemente d and realizeable array structure.
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SECTION 5
SYSTEM OPERATION

This section describes a candidate mapping of the SACWARDANS directories
onto the ECA M hardware and discusses the slave microprograms which pro-
vide access to the data base. The SACWARDANS mapping is provided as a
cont ext for discussion; the final mapping will depend on the data requirements
when the ECA?vI is installed and will be the result of a series of storage eff i-
ciency/speed tradeoffs . The microprogram approach , however , provides a
general-purpose relational environment which will support a wide range of
applications. Changes to the approach are expected to result from actual user
experience , rather than from additional a priori design work.

5.1 SACWARDANS DIRECTORY STORAGE

This section describes the mapping of the SACWA R DANS data base (as des-
cribed in Section 2) onto the ECA M hardware. It was prepared by Informatics ,
Inc. as part of the analysis work done early in the contract . As such , it is in
slight variance with the final design. Specifically, it describes a contiguous
forma t field containing scratch storage when , in fact , this information is
distributed across words as described in Section 5. 4. These format changes
have virtually no impact on the discussions which follow.

5. 1. 1 SACWARDANS Directories Organization in ECA M Array

Search time and algorithm complexity are reduced , with the current ECAM
word architecture , by formatting the ECA M words as a series of different
record types. Figure 91 illustrates this approach. The problem that arises

LEFT-
- LOCATI ON MESSAGE EVENT ORGANIZATION EQUIPMENT OVER
~CAM WORD RECORD RECORD RECORD RECORD RECORD SPACE

OR

LEFT-
ECAM WORD LOCATION ~‘ ESSAG E ORGANIZATION EQUIPMENT EVENT r OVER

RECOR D REC O RD RECOR D RECO RD RECOR D I SPAC E

Figure 91. ECAM Word Formatting Approach
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in attempting to format with a single instance of each record t ype in an
ECAM word is that it may not be possible to fill the words , or even come
close to filling the words. As shown in Figure 91 , one instance of each
record type less than half fills an ECA M word. In addition , the wide disparity
in the expected number of entries in the various directories would result in
further unused space. This occurs as the result of not using space allocated
to a particular record type because there are insufficient instances of the
record type as compared with the number of instances of another record type .

5. 1. 1. 1 SACWA RDANS Formats -- The SACW .ARDANS directories data base
contains a large number of message and event correlation records and rela-
tiv ely few other records. Consequently, it is necessary to pack several of
each of these records into a single ECA M word. Otherwise , the amount of
wasted space would be very high (greater than 80 percent of the memory
when a word lengt h of 512 bytes is used). Figures 92 through 96 show five
formats for ECAM word layouts for use with the SACWARDANS directories
data base. The first format , shown in Figure 92 , contains only message and
event records. The other formats use the same basic structure but the space
occupied by one message and one event record is allocated to other record
t~-pes. All five formats would be required in order to accommodate the
SACWARDANS directories data base. Formats 2 . 3 and 5 would be used to
record the Equipment , Organization , and Location Indexes. The L/ O/ E  Index
appears in formats 2 , 3 , and 4. These formats would be used to the extent
required to accommodate the instances of these lists. Format 1, which con-
tains only message and event records , would be used to contain the remaining
message and event instances. The mix of formats required for the
SACWA R DANS directories data base as previously desc r ibed is:

• Format type 1 occurs in 60 , 000 instances.

• Format t ype 2 occurs in 1000 instances.

• Format type 3 occurs in 5000 instances.

• Format type 4 occurs in 9000 instances.

• Format type 5 occurs in 5000 instances.

Figure 97 show 3 all fiv e formats in a single diagram. The five formats are
structurally similar. All  hav e a format field in the same position. All  have
six message-type records and six event-type records . A gain , the structuring
is such that these records occupy the same columnar position in all five for-
tnat~ . Hence , a search of the message list is performed by the same search
algorithm over all five formats , except that one additional record position
must be applied to words in format 1 (which has a sevent h message record).

5 . 1. 1. 2 Format Field -- Figures 92 through 96 show a format field in all of
the layouts. This fie ld serves three purposes: ident ification of which format
a particular word is in; markers indicating which records within the format
are actually in use; and provision of work space for use by algorithms.
Thirty-six bytes are shown for this purpose. This may be more than neces-
sary, but it should offer a flexible capability.
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There are various ways to structure the format field, The conceptually
simplest is to assign to each format an ID. The ID would be recorded in a
subfield of the format field . This subfield would be followed by a subfield
wh ich is a busy/not busy bit vector. Corresponding to each bit in the bit
vector there would be a record in the format . Hence , the bit vector would

• declare which record s were occupied. The bit vector would be large enough
to accommodate the format with the greatest number of records. The remain-
ing space would be reserved for work space. Figure 98 shows the format
fields for the five defined formats. This arrangement of the format field is
not easily examined , ~ecause a given record type/position combination is not
necessarily in the sathe column. Figure 99 shows an expanded bit vector
which includes a bit for each record type/position regardless of whether it is
included in the format. A further elaboration is shown in Figure 100. In this
concept , two bits are used for each record type /position . One bit indicates
whether the record type / posit ion is included in the format , and the other m di-
cates whether the space is occupied. The format field layout shown in Fig-
ure 100 is easily manipu lated in sof tware . It uses more bit s , but even in a
fairly large system the number of bits required would not be excessive. In
theory, the format ID could be eliminated , since the bit pattern would define
the ID. In practice , an ID field is convenient and may be worth the space.

5. 1.2 Data Base Size

The design obj ective for the ECA M has been to dev elop a system capable of
holding 80 million or more bytes within the associative array. In develop ing
the orig inal estimates , allowances were included for system growth , waste
space , and identification (format ) information as well as actua l data content.

Table 48 details the use of ECA M words for the SACWARDANS directories
data base. The values shown assume that the sizes of the directories are the
same as previous estimates and that the formats shown in F igure 97 are used.
The total space requirement of approximately 41 million bytes is consider-
ably lower than the design objective of 80 million bytes for the ECA M. There
has been a reduction because:

1) The longer ECA M words provide more efficient packing and
consequent reduction in waste space and format information .

2) Changes in the pointer structure (e . g . ,  use of IDs to provide
access to disk records and elimination of hard disk addresses
in the directories) and some other data items have resulted in
some data volume reduction.

In addition , the design obj ective of 80 million bytes included a provision for
system growth.
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Table 48. Use of ECA M Bytes in Sample Formats

\L1 :n~ er of
EC.~~=! Data Bytes Format  Bytes Empty Bytes Total Bytes

For a. \Vords (8-bi t  bytes)  (8.bit  bytes)  ( 8 — b i t  bytes) ( 8—bi t  bytes)
_________ (512 by t e s/ w o r d )  

______________ ________________ _______________ _______________

- 

1 ~0. 000 28 . 360 , 000 2 , 160 .000 0 30 , 720 , 000

2 1.000 461 , 000 36 ,000 15 ,000 512 ,000

3 ~ 000 2 , 350 , 000 180 ,000 30 , 000 2 , 560 ,000

4 9 , 00 0 3 .9 06 ,000 324 ,000 378 ,000 4 ,608 ,000

C 3 3 , 000 2 290 , 000 180 , 000 90 , 000 2 , 560 , 000

T~’tal 80 . 000 3” . 567 , 000 2 , 880 , 000 513 , 000 40 , 960 , 000

Total , data bytes ‘~1. 7

Total .  fo r m at bytes  7 .0
‘
~ Total . emp ty  h~~es 1.2

Total , r . on-emptv  h - .-mos 98.

5. 1. 3 Checkpoint , Restart ,  and Recovery

The system (hardware and software) must provide absolute assurance that
there will be no loss of data in the event of a failure. It must also be possible
to fully or partially restore the data base , subsequent to a system failure , in
the ECA M memory array or in availab le port ions of the memory array . If a
portion of the array becomes inoperable , then it should be possible to use the
remaining portions of the memory , loading the more critical data into it.

The most obvious way of providing for data base restoration is to periodically
prepare a checkpoint copy of the directory data base and maintain a journa l of
changes -- or additions , deletions, and modifications. In the event of a
memory fa ilure, the last checkpoint copy is loaded into the ECA M , alter
which the entries in the journal are reposted. The journal is, of course ,
segmented into a precheckpoint copy journal and a postcheckpoint copy
journal. Hence , only those entries not reflected in the checkpoint copy are
reposted.

Full memory checkpoint creates an image of the ECA M memory array on
another storage medium (disk or tape). A ful l  memory che ckpoint copy is ,
in effect , an inst antaneous snapshot of the memory content . In reality , the
snapshot is not prepared instanta neously. If during the time period in which
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the checkpoint image is being created the content of the memory array is not
altered , then the image is effectiv ely an instantaneous snapshot. Thus , the -

•dump operation must be undivided with respect to ECA M memory write , al-’
though it need not be undivided with respect to ECA M search and read.

Preparing a full memory checkpoint copy and restoring from it requires bulk
unloading and loading of the memory. If the memory is serially dumped , a
word at a time , at a shift rate of 1 million bit s per second , then approximate ly

Li 11 minutes are required for dumping 80 million bytes . Memory restoration
would require a similar load time plus the time required for reposting the
journa l entries. A faster parallel I/ O is provided , but it increases costs and
system complexity. Hence , alternative checkpoint/restart strategies have
been cons idered .

In a memory which is addressable , it is possible to segment a checkpoint• operation. This is done by making a copy of a predefined section of the
memory. Writes are locked out of that section while the copy is being made.
The copy operatio n then moves to another section. It is always possible ,
when writing into the memory , to determine whether the wr ite is to a section
which has already been copied , is in the process of being copied , or has not
yet been copied . Wr ites to the section being copied are delayed -- that is ,
locked out. Writes to copied sections are logged in the new journal , whereas
writes to the as yet uncopied sections are logged in the old journal. C

The ECA M does not hav e a word addressing structure that is availab le to the
software . Hence , when an entry is added to the ECA M memory , there is no
way of determining where it is placed. As a result , if the memory output is
altered during a memory dump, one cannot determine whether the change is
or is not reflected in the checkpoint copy . It would , of course , be possible
to examine the checkpoint copy, but this would requir e searching it. This
search would not be in the ECAM; hence , it is expensive to implement . As a
result , any changes made during the checkpoint operation would have to be
recorded in the journal , but it would riot be clear whether the changes are or
are not reflected in the checkpoint copy. If a restart Is required , then re-
posting of all entries in the journal could result in some changes being made
twice. For example , an entry could be added and included in the checkpoint
copy. If the checkpoint is used for a restart , then the entry would be re-
posted. The ambiguities in the journ al entries can probably be resolved in
software procedures used in reloading the memory. Reposting can be avoided
by searching the memory alter the checkpoint copy has been reloaded and
before the journa lled entry is added . While such software procedures could
be developed , they add to the complexity of the software and great care must
be taken to absolutely ensure data integrity. Thus , this is not an ideal solu-
tion to the problem and It does not aid in context switching as is the case with
the incremental checkpoint procedure described below.
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An alternative strategy for creating checkpoint images has been developed.
The alternat ive strategy , referred to here as incremental checkpointing ,
creates a total ECA M memory image as a set of smaller images , each of
which is an image of a portion of the ECA M memory. The images of the
ECA M memory increment s cover the entire ECAM memory and they are dis-
joint with respect to each other. It is not , however , the case that the ful l
image thus created is an effectiv e instantaneous snapshot of the memory

C cont ent . Each image increment is within itseLf an instantaneous snapshot ,
but a composite of two or more image increments is not an instantaneous
snapshot. A procedure has been devised which permits determination of
whether an update is to an area of the me mory which has already been copied
for the checkpoint copy . Thus , all entries in the journal are properly identi-
fied with respect to whether they are or are not included on the checkpo int
copy.

The incremental checkpoint procedure is based on a software addressing
scheme which is superimposed onto the ECA M architecture. The existence
of the software addresses provides for determination of where new entries
are placed in the memory array . Hence , it is possible to determine whether
a new entry has or has not been posted to a portion of the memory array which
has already bee n checkpointed. If the checkpoint copy has been made , then
the entry is recorded in the journal which contains changes to the new check-
point image. Otherwise , the entry is recorded in the journal only for the
prior checkpoint.

The memory is subdivided int o sections. Each section is assigned , probably
by software , an address. The address is recorded in each word of the sec-
tion. It is thus possible to locate all of the words comprising a section by
searching the memory for the section address. Likewise , it is possible to
determine what section an entry is in by reading the section address recorded
in the word.

Checkpoint ing is done a section at a time. The procedure may be interrupted
between sections , with array content alteration being a permissable operation.
Checkpoint of a section requires a memory search on section address followed
by a readout of memory contents for those words identified in the search . See
Figure 101 for a flowchart.

Whenever a change is made to the array content (add entry, delete entry,
modify entry), the section address is read so as to record the sectio n address

• in the journal. If checkpointing is in progress , the section address is checked
against a list of those which have already been checkpointed . This is used to
determine whether the change should be recorded in the new journal. It
should be recorded in the journa l for the previous checkpoint image in either
case.
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Figur e 101. Checkpoint Flowchart 
C

It is clear that the write lockout time using the incremental check point proce-dure can be as small as desired -- depending upon the size of the section. Itis also clear that restart is conceptually simple -- reload the last ful l  check-point and repost all entries in its associated chang e journal. However ,restart time has not been shortened , except for elimination of some problemswith the jour nal.

The size and manner of selecting the memory sections is not relevant to thecheckpoint procedure. It is also not necessary for a section to be in contig-uous words. However the baseline ECAM storage parts , which contain 5120bytes in 10 words , are a convenient size for an increment. Furthermore , itwould seem to be convenient to move all of the data contained by a part in theevent of a failure in the part. Hence , using the ECAM part as a memoryincrement is attractive. There may , however , be prob lems associated withsoftware assignment of addresses to parts.

The above concept can be further modified to provide for retention of adynamically updated memory image -- the equivalent to a checkpoint copywhich is always up-to-date, A mirror copy is retained on disk. Each sectionof the ECAM memory is assigned a disk location which is accessed by thesection address. All updates to the ECAM memory are also recorded in thedisk copy . In the event of a total or partial memory failure , the memorywould be reloaded fro m the disk copy which is kept current . Hence , postingof additional journalled entries would not be necessary.

Retention of a mirror copy on disk could be used as a total rep lacement formemory checkpointing arid jour nallirig of changes. A more conservative andsafer approach is to continue periodic , but probably less frequent , check-pointing and continue to retain a change journa l. It is also possible to occa-sionally validate the memory contents by comparing them with the disk copy .
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The procedures discussed here reduce the criticality of the high I/ O band-
width in order to create checkpoint copies of the memory content . It is not
ac ceptable to lock out all updates to the memory for a prolonged period of
ti me , as would occur with ful l  memory checkpo inting. Incremental check-
pointing permits the writ e lockouts to be reduced to 1 second or less , which
is well within system requirements. If desired , incremental checkpointing
can operate on a low-priority background task basis. That is , when the sys-
te m is otherwise idle , the checkpoint task operates.

The procedures discussed here do not provide fast re load of the total ECA M
memory . The retention of a dynam ica lly- update d disk copy would speed up
reload , sin ce it would not be necessary to repost journalled changes. How-
e-:er . the t ime for to tal memory reload can be held to jus t  over 1 minute b y
~ise of the high-speed I/ O  faci l i t y .
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5.2 SLAVE CONTROLLER FUNCTIONS -

•

This section describes the language interface between the master and the
slave and discusses the microprograms and data structures required to
implement this interface in the slave.

The ECA M system must operate in at least two different modes:

• Setup

• Retrieval

Essentially all usage will be in the retrieval mode , as the setup mode is
required only for reformatting ECA M words to chang e the ECA M allocation
policy, an infrequent occurrence. Furthermore , the two modes are incom-
patible; one user cannot be retrieving while the system’s data base is being
reformatted. (Limited changes-- updating, for example-- are compat ib le
with retrieval. ) This section describes the slav e controller operating in the
retrieval mode . The setup mode is involved primarily with preparing the C

tables required in retrieval; hence , no explicit discussion is included.

First , the way in which retrieval requests from analysts at terminals are
handled is reviewed. After  an analyst at a terminal enters a request , the
following event s occur:

1) The host software detects that a retrieval request for the . 
-

ECA M has been entered.

2) A buffer containing the request is passed to the master machine
through the host ’ s data channel.

3) The master ’ s software massages the retrieval request to pro-
duce a command sequence and appropriat e data structures for
the slave unit . The master’s software also assigns a process
number for managing the use of the slave and other resources ,
including space within the master ’ s memory.

4) The master schedules the request and initiates slave proces-
sing when the s lave becomes free.

5) The slave exec ttes the  sequence of commands contained in the
master’s memory. Some of these command s are control func-
tions , while others request array operations. All array
operands are specified as fields within ECAM records. The
slave unit consults tables within the master’s memory to find
all instances of the desired records and fields for each opera-
tion; it issues instruct ions to the iteration control for the
manipulation of individual fields. In this process it sequences
through all instances of the record.
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6)  The itera tio n control performs all necessary sequencing across
the bi ts comprising the fields within the array . The iteration
contro l cannot make any decisions except whether the end of a field
ha s been reached; it is not programmed.

7) The ac tual processing of the request bits is performed b y the
word log ic associa ted with each word of the ECA M ar ray .

Match bit information is kept within the ECA M words , conti guous with the
reco rd for which the bits  are applicable . .~s desc ribed in Section 5 . 2 . 1 , the
match bits a re processed as though they wer e located in a stack s tructure.
En fac t , however , they are located in fixed positions within the record and
brou ght into the word logic hardwar e when the associated record is about to
he processed. When the processing of the record is complete , the match bit s
are stored back into the ECAM word . This detail is handled by the slave unit
without explicit commands within its program (in fact , these functions are
generated by the s lav e and passed to the iteration contro l , which then passes
them to the array hardware).

Data being passed between the slave and the array are passed through a buf fer
:yi e morv (discus sed in Sect ion 4. 1). This buffer  is constructed in two inde-
penden t parts so that operands can be b uffered and passed to or from the
maste r using one buf fe r  unit whi le  a r ray  operations are taking place using
the othe r bu ffe r uni t .

While th e slave ’ s pr imary funct ion is to provide sequencing through the
mu l t ip l e instances of records within  the  array,  it also w ill per form some auto-
ma t ic loop ing that will shorten the execution t imes for most code sequences,
Specifically ,  it wil l  form loops of operations wherever a sequence of opera-
tions uses the same records; the loops wil l  minimize word sh i f t ing  and match
bit reloading .

In this Section , the functions to be performed by the s lav e unit are specified .
In Section 5. 2 . 4, detailed execution sequences are presented that could be
used to implement many , bu t not all , of the operations specified for the uni t .
Finally , in Sectio n 5. 2. 5 , the reg ister assignment for the interpreter  hard-
ware is presented .

The instructions are described as a “high- level ” language , but , in real i ty ,
almost every statement corre sponds to a single instruct ion .

The slave controller is designed to mask from the master- p roduced code any
need to know about multiple instances of records of the same type. Thus ,
code in the language is writ ten as though there were only one instance of each
record type .  The instruction interpreter will  implement the details required
for processing multi ple ins tances of the records.
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~\ lthough the slave code automatically is generated from the retrieval request ,
the code will be described as though it had been produced by a programmer.

Four types of information about the language are presented in the paragraphs
that follow :

• Data structures visible to the programmer

• Operations available to the programmer

• Data structures used to implement the operations (not visib le
to the programmer)

• Control sequences for implementing a controller which performs
the desired functions,

5. 2. 1 Programmer Visible Data Structures

Two types of information are visib le :

• Data base contents

• Intermediate processing result s

The data base contents are shared among all processes , but each process has
a private copy of its own intermediate results.

The basic units of data base information are field contents. Fields are grouped
into records , of which there are a fixed number (althoug h this number is im-
plicit within certain table structures , no part of this design makes any signifi-
cant assumption regarding the actual number of distinct record types) of
distinct types. All processing is grouped into blocks within which all trans-
actions interact with the same record type. (Thes e blocks may be nested to
allow processing in different records. )

Intermediate processing results are either strings , which are stored in the
master’s memory, integers , also stored in the master ’s memory, or match
bits , which are stored in the record itseLf. The programmer sees a stack of
match bits associated with each record; all manipulations of the match bits
use the top entries on this stack (which is private to the process). (The
appropriate match bit s will be copied into the word logic during actua l proces-
sing; see Section 5.2.  4.)

Fi gure 102 summarizes  these (logica l) data structures.
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5. 2. 2 Operations Available to the Programmer

The operations available to the programmer comprise the functional capa-
bili ties of the slave processor. Thus , in essence , this sectio n is a pro-
grammer ’s reference manual for the s lav e processor. Most of the operations
will be descr ibed by specify ing a syntax (usefu l only for examples , since the
programs are , in fact , generated automatically from the retrieval request
string) and semantics as either a sequence of stateme nt s or English text.
More semantic details (specified as possible imple mentations) for some of
the ope rations are given in Section 4.

Programs are modularized into procedures , exactly like procedures in any
programming language. Procedures are subdivided by using the compound
statement FOR which includes all operations to be performed on the single
record type specified in the FOR statement. FOR blocks may be nested to
create more-complex sequencing among record types. The components of
each FOR block are either other FOR statement s or ‘ simple ’ statements.

5 . 2. 2 . 1 Block Structuring Statement s -- The PROCEDURE statement is the
only statement creating a block. A procedure block has the syntax:

“ LABEL ” PROCEDURE (“ PA RA METER _LIST”);
DECLA RATION_LIST”

“STATEMENT_LIST ”
END;

(Quotation marks are used to enclose name s of syntactic types .)

Control is passed to the procedure by execution of a CALL statement (see
Section 5. 2. 2 . 4) in which the entry point name matches the label on the pro-
cedur e block. Paramet ers are passed (always by reference) in the usual
fashion , Any variable which can be declared can be passed as a parameter.

The PROCEDURE statement does not correspond to any code executed by the
slave processor.

Any variables local to the block , including the parameters , are declared in the
DECLARATION_LIST of DECLARE statements. Each declare statement has
the syntax :

DECLARE “NA ME_ LIST ” “TYPE ” “ ALLOCATION ” ;

The allowed TY PEs include:

• STRD~G S INTEGER

• BOOLEA N • FIELD
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A FIELD variable contains the oame of a field.  This name includes a specifi-
cat ion of the record type which contains the field .

The ALLOCATION specifies the length of the variable; if MA STER is missing,
the space is allocated in the activation block for this procedure (see Section
5 .2 , 3.3) .  Otherwise , A LLOCATION specifies that the master computer holds

— the information:

“ALLOCATION ’ ::= MA STER3 “ LENGTH ”

~~~~~~~ Declaration statements are included to assist understanding , but may
not be used anywhere in the sy stem. The allocations within the master wil l

• be performed directly by the master ’ s r equ est process ing sof twar e and by
po inter mani pulations programmed by that processor. One conseque nce is that
the LENGTHS declared in the ALLOCATION for the MASTER are not used in
the  processing , but do clarify examples. These lengths do appear in data
st ru c tures  used by the ins truction interpreter (see Section 5 ,2 . 3. 3),  bu t  those
data structures are established b y  the  master ’ s request processing software .
The len gths of activation block allocations are used dur in g  the prologue of the
procedu re to allocate space on the  act ivat ion blo ck stack (see Sect ion
3 .2 . 2 . 3. 2 ) ;  th is  is hand led by a specific ALLOCA TE s ta tement  (see Sectio n
5 . 2 . 2 . 3. 2) .

The ST -\ TEMEXT_L[ST specifies the  a lgor i thm used in the procedure ; it is
cons tructed from compound and simple s ta tements .

5 . 2 . 2 . 2 Compound Stateme nt s -- The compound s ta tement  FOR specifies
iterations within records:

ALL
FOR IMATCHED ? RECORDS (“ FIELD_DESIGNATOR ” ) LOCK A N D ~ DO;

“ STATEMENT _LIST ”
END_FOR;

The FOR statement specifies that the STA TEMENT_ L IST shall  be ex ecu t ed
fo r every instance of the record containing the des ignated field . (Note: In
succeeding descript ions , the records containing the field designated in a FOR
statement will be called the selected or desi gnated records. ) The optiona l
LOCK act ion , if pr esent , fo rces the selected record to be locked before
entering the block; it will be unlocked up on completion of the block. If the
record cannot be locked , the process will WAIT unt i l  the LOCK can be set .
The match bit at the top of the match bit stack associated with the desig nated
records is used to select which of the designated records ac tua l l y  partici pate
in the processing; when MATCHED is specified , the  bit present atop the s tack
before entering the FOR statement is used , bu t when A L L  is specified , a “ 1”
hit  is pushed onto th e stack as part of the FOR execution so that  all  copies of
th e record will p art icipate in the  initia l processing s t o p s .
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FOR loops are terminated by the operator END_FOR which tests for loop
completion:

END_ FOR;

- - When all designated records hav e been processed , the END_ FOR causes the
records, if locked , to be unlocked , and the surrounding block to be reentered
(which may implicitly cause a new set of records to become the designated
records).

5. 2. 2 .3  Simple Statements -- There are two types of simple statements:
iterat ive and singular. Singular statement s are control statement s or require
interactions between the instances of the selected record type. Iterat ive
statements require independent operations on all instances of the selected
record type.

“ VALUE ” is used in the following to denote a numeric quantity stored as a
double-precision quantity in the master ’s memo ry, whereas ‘ STRING ” de notes

- 
- art arb itrary character sequence from the master ’ s memory. The actual

addressing mechanisms and specifications used in instruct ions are describ ed
in Section 5. 2. 3.

- 

- 5. 2, 2. 3. 1 Iterative Operations -- The iterative operations require
- 

- independent operations on all instances of a record.

Let M 1, M2 ,  M 3 denote the three top match bit s on the stack associated with
the sefected record . The iterative operations are :

• FIND:

Synt ax : FIND ( “STRING ” , “ FIELD ”)
Action: M 1 : M 1 (C(FIELD) = C(STRING))

• MASKED FIND:

Syntax : MASKED_FIND (“ STRING ” , “ MASK” , “ FIELD ”)
Action: Same as FIND, except don ’t compare in bit positions

where the i\~1ASK bit string contains “0”.

• GREATER:

Syntax : GREATER (“ STRING” , “ FIELD ”)
Action: M~ := M 1 (C(FIELD) . GT. C(STRING))
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• LESS:

Syntax : LESS ( “ STRING ” , “ FIELD ”)
Action: \ I~, := M 1 (C(FIELD ) . LT . C( STRING ))

• BETWEEN LIMITS:

Syntax : BETWEEN_LIMITS (“ STRING 1” , “STRING 2 ” , “ FIELD ” )
A ction: M 1 : M 1 (C(FIELD ) . GE. C(STRING 1))

(C(FIELD ) . LE. C(STRING 2 ))

• ADD:

Synt ax: ADD ( “STRING ” , “FIELD ” )
Action: FIELD : C(FIELD ) ÷ C( STRING )

All  ari thmetic FIELD operations push one bit  onto the match bit
s tack;  this hi t will be set wherever art overflow has occurred .
The push operation is pe rformed in all records , b ut the addition
and bi t sett ing is performed only on those records where M 1 = 1.

• SUBTRACT VALUE:

Syntax : SUBTRA cT_VALUE ( “STRING ” , ‘ FIELD ” )
Action: FIELD : C(FIELD ) - C(STRING )

All ar i thmetic FIELD operations push one bit onto the match bit
stack; this bit will be set wherever an overflow has occurred .
The push operatio n is performed in all records , bu t the sub-
traction and bit setting is performed only in those records where

= 1.

• SUBTRACT FIELD:

Syntax : SUBTRACT _ FIELD (“STRING ” , “ FIELD ”)
Action : FIELD : C( STRING) - C(FIELD)

All ar i thmetic  FIELD operations push one bit onto the match bit
stack ; this bit will  be set wherever an overflow has occurred .
The push operation is performed in all records , but th e sub-
traction and bit setting is performed only in those records where

1.
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• INCREMENT:

Syntax : INCREMENT (“ FIELD ”)
A ction: FIELD : C(FIELD) + 1

All  arithmetic FIELD operations push one bit onto the match bit
stack; this bit will be set wherever an overflow has occurred.
The push operatio n is performed in all records , but the incre-
rnentation and bit setting is performed only in those records
where M1 = 1.

• DECREMENT:

Syntax : DECREMENT ( “FIELD ”)
Action: FIEL D : C(FIELD) - 1

All arithmetic FIELD operations push one bit onto the match bit
stack; this bit will be set wherever an overflow has occurred.
The push operation is performed itt all records , but the decre-
mentat iori and bit setting is performed only in those records
where M1 = 1.

• FA STREAD:

Syntax: FASTREADMATCHEDRECORDS
(“CONTROL_WORD”, “FIELD”)

The control word contains bits for the initial state of the controller
of array-host communication; generally, it specifies a BUFFER
allocated in the host’ s memory; the separate FIELDS are
concatenated to fill the BUFFER. Further details are not pro-
vided at this stage of the design.

• FASTWRITE :

Syntax: FASTWRITEMATCHEDRECORDS
(“CONTROL _WORD”, “FIELD ”)

This performs the inverse of FA STREAD; the BUFFER specifi ed
in the CONTROL_WORD is split apart inversely to the way it was
concatenated in FASTREAD . The write is pe rformed in all
records having M 1, = 1, Further details are not provided at this
stage of the design.

• PUSH I:

Syntax : PUSH 1

This pushes a new match bit equal to 1 onto the stack associated
with each instance of the selected record.
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• PUSHO:

Syntax : PUSHO

Place a new cleared match bit  on each stack associated with theselected record.

• POP:

Syntax : POP

Remov e one match bit from each stack associated with theselec t ed r eco rd.

• DUPLICATE:

Synt ax: DUPLICATE

Push an extra copy of the top match bit onto each stack associatedwi th the selected record.

• EX CHANGE:

Syntax:  ~~~CH AN G E
Action :  M 1 : \I 2 ; M2 := M 1 si multaneously

The operation is performed on all  stacks associated with theselected record .

• ROTATE 3PLA CES :

Syntax: ROTATE3PLACES
Action : M1 : M2; M2 : M3, M3 : M 1 simu ltaneously
The operat ion is performed on all stacks associated with theselected record .

• NOT:

• Syntax : NOT
Action : M 1 :~~ M 1
The operation is performed on al l  stacks associated with thesel ected record .
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• OR:

Syntax: OR
Action: M2

POP

The operat ion is performed on all stacks associated with the
selected record; the stack is now one bit shorter.

• AND:

Syntax : AND
— Action: M2 := M 1 . M2

POP

The operation is performed on all stacks associated with the
selected record; the stack is now one bit shor er .

• XOR:

Syntax: XOR
Action: M 2 M 1 ~ M 2

POP

The operation is performed on all stacks associated with the
selected record; the stack is now one bit shorter.

• REA D:

Syntax : REA D (“ VALUE”)
Action: PUSH

The operation is performed on all stacks associated with the
selected record; tne stack is now one bit longer. This opera-
tion reads a bit from a lower position on the match bit stack
and copies it to a new top of the stack entry.

• WRITE:

Syntax : WRITE ( “VALUE” )
Action: MVALL .E :

pop
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The operation is performed on all stacks associated with the
selected record; the stack is now one bit shorter. This opera-
tion wri tes the match hit valu e from the top posit ion ott the stack
~o a position w i th in  the  stack and then pops the value off the
stack.

3 . 2. 2. 3. 2 Si ngular  Operations -- There are three classes of singular
operat ions:

• Control operations

• Manipulation operat ions applied to values in the master

• ECA M operat ions requir ing interact ions between selected
reco rds .

3. 2 . 2 . 3 . 2 . 1 Control Operations -- Generally , the  contr ol oper at ions
iiIect the execution sequence within the slave. However , so me contro l opera-
-ions actually manipulate the implementation data structures used by t he s lave .
h ence , w e must describe the stack of activation blocks.

A stack of activation blocks associated with  each process is stored within the
mas er ’ s memory.  There is a block on th i s  stack for each procedure which
~as bee n called by the process hut  which has not returned control to its caller.
Each block has the format shown in Fi gure 103. The e lements  wi th in  the block

r — — — — — — — —
Loo~ inq
Sta tes

Local  L

.,

Local 1

Parameter N

S

S

Parameter 1

Saved State

Figure 103. Act ivat ion Block Format
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are described in Section 5. 2 . 3. 3. Here we only need to know that the saved
state at the bottom of the block contains two words : one contains a pointer to
the next instruction in the calling program and the other contains a pointer to
the bottom of the preceding block on the stack,

The control operat ions are:

• GO TO:

Syntax: GO_TO (“ADDRESS”)
Action: Take the next s lave instruct ion from the designated

address (within the master ’ s memory).

• IF POSIT IVE GO TO:

Syntax: IF_POSITIVE _GO _TO (“ ADDRESS” )

Action: If the value on the top of the activatio n block stack is
po sit ive , take the next instruction from the designated
address. Otherwise , continue with normal instruc-
tion sequencing. See Sectio n 5 . 2 , 2. 3. 2 . 1 for instruc-
tions which place values at the top of the stack where
they may be tested b y this instruction. The result
being tested is popped from the stack.

Note: This statement can be used to create a loop within the
program , as shown in the following code skeleton:

FOR DO;
GO.....TO (LABEL2);

LABEL 1:
(body of loop)

LABEL2: (evaluate condition)
IF_POSITIVE_GO_TO (LABEL1);

END_ FOR;

• SAVE BLOCK:

Syntax : SAVE _ BLOCK

Action: Allocat e two words on the act ivation block stack and
place a pointer to the present activation block in the
first word of the pair. Keep a pointer to the pair for
use during the CALL instruction.
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Note : This description precludes the use of subroutine callsbetween SAVE_BLOCK and CALL to evaluate pararri-eters of the procedure being called , If this possibil i tyis desi rab le , simply sav e the pointer to the SAVE _B LOCK word and include a flag to indicate which callshave been made -- the descr iptions of CALL andRET URN would requir e corresponding changes.
• CALL:

Syntax : CALL “ADDRESS”

Action : Call the procedure whose first instruct ion is locatedat the desi gnated address . This requires saving theinstruction counter in the SAVE BLOCK word whichis pointed to by the saved pointer (see SAVE BLOCK
descr ipt ion above), and updat ing the act ivation blockpointer (see Section 5 . 2 . 3.3 . 2 ) .

• ALLOCA TE:

Syntax : ALLOCATE ‘ VA LU E ’~
Act ion: Allocat e VALUE new locations at the top of the acti-va tion block stack . The new locations will  be usedto hold the local variables for the new block .

• RETURN:

Syntax : RETURN

Action : Return from the current procedure to the calling
procedure. This requires freeing the topmost acti-vation block on the act ivatio n block stack and makingcorresponding changes in the slave ’s reg is ters des-cribing the status of the activat ion block .

• HALT:

Syntax : HALT

Action : Terminate this process; signal the master that theprocess has terminated and the slave is now free fora new assi gnment .
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• WA IT:

Syntax: WAIT

Action: Suspend this process; signal the master that the pro-
cess has been suspended and the slave is free for
another assignment. The process must communicate
information to the master regarding the conditions for
resuming the processing. Note that the master may
not reassign any resources allocated to the process
after WAIT , whereas all resources must be freed after
HA LT. These actions are taken by the master’ s con-
trol program.

5. 2. 2. 3. 2. 2 Value Manipulation Operations -- All of these operations
manipulate double-precision quant ities stored within the master’ s memory.
Any address which is zero will be interpreted to refer to the top (double word)
entry of the act ivation block stack: if the operand is read in the operatio n ,
the stack will be popped; if written, a new top entry will be pushed onto the
stack. Within the syntax , the reserved word STACK is used to designate the
top of the stack used in this way.

The value manipulation operat ions are:

• ADD:

Syntax : ADD “VALUE 1” TO “VALUE 2 ” GIVIN G “VALUE 3”

Action: Perform double- precision addition.

• SUBTRA CT:

Syntax: SUBTRACT “VA LUE 1” FROM “VALUE 2 ” GIVING “VALUE d ’

A ction: Double- precision subtraction.

• COPY:

Syntax: COPY “ VA LUE 1” TO “VA L UE2 ”

Action: Copy a double word. Not e t~~ t by using STACK operand
addresses , PUSH and POP actions can be achieved on
the activation block stack.
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• STRING COPY:

Syntax : STRING _COPY “ STRING 1” TO “STRING 2 ” , “ LENGTH ”
Action: Length specifies the number of words to be copied ,

while  STRING 1 and STRING 2 are starting addresses .

• ADDRESS COPY:

Syntax : ADDRESS _COPY “ADDRESS 1
1’ TO ‘ ADDRESS 2 ”

Action:  Place a copy of the first  address in the location speci-
fied by the seco nd address . The first address wil l  be
converted to absolute form before being copied .
Note: This operation will  usuall y be used to place the . -

address of a sub routine ’ s parameter on the activat ion
block stack .

• MAKE POINTE R:

Syntax : MAKE _ POINT ER ‘ [ND ~~~”

Act ion: INDEX is an index into the current activation block .
Convert this to a memory address by adding it to the
pointer to the current activat ion block; push the r esult
on to the t op of t he activ at ion block st ack .

5 . 2 , 2 .3 . 2 .3  Record Interact io n Operations -- The operat ions in this
clas s use the values in selected fields from possibly all instances of the record
in the ECA M,

The record interaction operation s are:

• SELECT FIRST:

Syntax : SELECT _ FIRST

Act ion: Push a new set of match bit s onto the match bit stacks
associated with the designated record; all new bits
are cleared except the one on the first stack which
had ~~ 1 before the SELECT_ FIRST ins t ruc t ion
was executed .  Note that  the ordering imp lied by th e
word f i r s t  is determined by the wiring of the mul-
t ip le  ma tch resolver. This ordering is arb itrary ,
h u t  dete rmin i st i c ,
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• REA D FIRST:

Syntax: REA D_FIRST (“STRING”, “FIELD”)

Action : Copy the contents of the designated f ield in the first
selected (M 1 = 1) record to the master’s memory.
The first record is determined by the multiple match
resolver. The match bit s are unchanged.

• WRITE FIRST:

Syntax : WRITE _FIRST (“ST RING ” , “ FIELD ”)

Action: Copy ST RING int o the designated field within the f irst
selected record. The match bits are unchanged .

• RESET FIRST:

Syntax : RESET_ FIRST

Action: Clear the first  set match bit atop the stacks associated
with the designated record . All  other match bits
remain unchanged.

• REA D FIRST ELIMINATING DUPLICATE S:

Syntax: REA D_ FIRST _ ELIMINATIN G _ DUPLICATES
(“ STRING ” , “FIELD ”)

Action: Read the designated field from the first selected
record; reset its match bit (M 1), and reset the match
bits of all other selected records whose contents in
the designated field match the string read out to the
master’ s memory .

• MATCH COIJNT TO;

Syntax: MATCH _COUNT _ TO “VALUE ”

Action: Place the count of set Mj  match bits into VALUE ,
which is a double-prec isLorl integer in the master ’smemory. Do not modify any match bits.
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• STATUS TO:

Syntax : STATUS _TO “STRING ”

Ac tion: Copy the status of the ECA M system to the specified
string within the master ’ s memory. The detailed
structu re of the status information is not defined in
th is  document .

• MAXIMUM:

Syntax: MAXIMUM ( “ FIELD ”)

Ac tion : Consider all selected records with M 1 = 1. Clear
M 1 in all records itt which the contents of the desig-
na~ed field are not equal to the maximum value among
all f ields bein g considered. The result  wi l l  be M 1 1
only whe re the maximum value is found ,

• \ I INIMI M:

Syntax: MINIM U M ( “FIELD ’)

A ct ion :  Consider all select ed records with M 1 = 1. Clear \I i
in all  records in which the contents of the desi gnat ed
field are not equal to the minimum value among all
f ields bei ng considered . The result  will  be M 1 = 1
only where the minimum value is found .

5 . 2. 2 , 3. 3 Notes -— ~~ erv iterat ive operat ion must be iterated across all
instances of the desi gnated record. Since these records do not interact  in the
performance of the operation, the order of iterat ion does not affe ct the  resul t s .
Suppose that a program fragment contains a sequence of iterative operations :

Opi
O P2
OP3

Suppose there are four instances of the record: R 1, R 2 ,  H 3, H 4. No te that
these represent instances within formatted ECA M wor ds , and that the instances
may in fact be in words of different formats; the record instance table (see
Section 5 . 2. 3. 1) specifies these details. A simple sequencing of the opera-
tions through the records is OP 1(R 1), OP1(R 2 ) , OP 1(R 3), OP 1(R 4 ),  OP2(R 1),

OP3(R 4) . However , the same results wilt be achieved b any sequence
which includes all co mbinations of the operations and record instances , as
lon g as the operations on each re cord instance are performed in the specified
order. The sequence OP1(R 1), 0P2(R 1), OP3(R 1), OP 1(R 2 ), . . . OP3(R 4) is
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equally valid; it is constructed by forming a loop around the sequence and
execut ing the loop for each instance of the designated record . Loops of this
type may contain any sequence of iterative operations , but they may not con-
fain singular operations or FOR statements.

The s lave will automatically form these loops whenever possible; they can be
efficient because they minimiz e the need to load and store the match bits with.
in the array.

5 .2. 2 . 4  ~~ ample -- Here is a procedure which searches for and marks all
records in which fie ld D contains string W , or field C mat ches the contents of
field B in some other record (of possibly another type) in which field A con-
tains string Q.

MARK: PROCEDURE (A , B , C, D,Q, W);
DECLARE A , B , C, D FIELD;
DEC LARE Q, W, CONTENTS STRING;
ALLOCATE CONTENTSLENGTH;
FOR MATCHED RECORDS (D) DO;

PESHO; /~ INIT IALIZ E THE BIT WHICH WILL
o . COLLECT (BY OR) THE MATCH OF CEND_F H, AGA INST THE B OF SOME RECORD~ /

FOR ALL RECORDS (A) DO /*DO THIS MATCH IN ALL
INSTANCES * /

FIND (Q, A );  / ‘~MARK ALL THAT MA TCH STRING Q~/
END_ FOR; /*THIS COULD BE REMOVED IF THE

NEXT FOR ALL RECORDS (A) IS
ALSO REMOVED~/

FOR MATCHED RECORDS (A) DO;
/*LOOP OVER ALL MATCHES OF Q IN A */

GO_TO END_SOME;
READB _ LOOP: REA D_ FIRST (CONTENTS , B); /*REA D ONE B FIELD

INTO CONTENTS--THIS DOES NOT
CHA NG E MATCH BITS* /

DELET E _ FIRST ; / *REMOVE THE USED B FROM FURTHER
CONSIDERATION * /

FOR ALL RECORDS (C) DO; /*NOW LOOK FOR CONTENTS IN
ALL INSTANCES OF C*/

FIND(CONTENTS,C); /*MARK EVERY C THAT
MATCHES THIS B*/

OR; /*COMBINE THIS RESULT WITH
END _FOR; PREVIOUS B SEARCHES* /
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END_ SOME: SUBTRA CT =1 FROM MA T CHCOUNT GIVING STACK;
/0 EVA LUATE TERMIN A TION CON DITIOX * /

[F _ POSITIVE _GO_TO REA DB _ LOOP;
hLOOP IF THERE A R E  ANY ~ ORE MATC h ES /

END _FOR ;
FOR ALL RECORDS ( A )  DO; /~ COULD BE R E T , I ( ) V E D ;  BUT

SEE THIRD END BA CR ~ /
PO P; /~ REM OV E THE BIT S \VHIC 1I h OLD TIlE

A MATCH RESULT : 
/

END;
FOR ALL RECORDS (D)

FIND( W , D); I;: MA RK ALL D’ s CON TA [NING \Y: /
OR; / :COMBINE THIS RESULT WiTh

PREVIOUS RESULT;  THIS FORM S
THE ROUTINE ’ S RESULT !

END;
R E T U R N ;  I :  END OF EXECUTIO N /
END ; /~~END OF PROCEDURE DEF LNI TI ON O /

No tice tha t  the record and f ie ld-naming convent ions  are redundant . Each
field is assumed to have a unique nam e ;  t hus , i t s record can be inferred f rom
the field name (a rule s im i la r  to the PL/ 1 ~t ru cture  nam ing rule) . Each
com pound statement cont - .uin s a :ield desi gna tion that imp lici t ly selects a
record; each field used wi th in  the block mus t  be within the same record.
This condition should not be violated because the request processing software
will  generate consistent code; it wi l l  h e checked , however , in the ins t ruct ion
interpreter , which will cause an interrupt in the  master if a mismatch is
detected.

5. 2. 3 Implementat ion Data Structures

The data structures described in th is  sect ion are used in the implementat ion
of the  language (i . e. , b y the instruct ion in terpre ter ) ,  bu t most are  not v i s ib le
to the programmer of the  s lave machine. Most of these s t ruc tu res  describe
memo ry allocations for a process , for fields wi th in  records , or for  records
wi th in  ECA M words. The se are discussed in reverse order .

5 . 2 . 3 . 1 Re cords wi th in  ECA M Words -- Each ECA M word has one of a fixed
number of fixed formats;  each word contains a format f ield to hold the  format
desi gnator. In order to locate all records of the same type in words of any
for m at , the f i rs t  records are classified by  type number.  For each reco rd
typ e there is a descri ptor of a list of instances of the record type , a LOCK
field , and a STA CKLENGTH field (see Fi gure 104) . LOCK contains zero or
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Word Bit Posit ion
List Stack Format of First Bit

Lock Pointer Length Si z e Code of Record

Record ______ ___________

Type Number 
~~ 

— ______ ______ ______

V — .

.

________ _______ _______ .

Record Tyc e
Table 

______ ___________

~eco rd Instance List

Figure 104. Record Descriptor Structures

the process number of a process which has locked this record type along with
a bi t patter n which indic ates t he alloca t ion of t he mat ch bi t stack slots wi th i n
the record. (This allocation is handled by softw are within the master. )
Finally, the STACKLENGTH field contains the maximum size of match bit
stacks associated with the record (see Section 5. 2. 3. 3) .

Each descriptor of an instance of a record contains the format code and bit
ori g in which specify the search algorithm to find an instance of the record .
All  instances of a selected record type can be found by looping through the
corresponding record instance list until  its length limit has been reached.

Note that these tables do not change (except within th e LOCK fields) unless the
structure of the data within ECAM is changed. All processes use these tables.

3. 2. 3. 2 Fields within Records -- Each field can occur only once within a
record. Its origin and length within the record specify the bits in the field .
The record type is included in the field descri ptor (see Fi gure 105). An order
b it specifies whether the LSB or \ISB comes first  within the field .

[ Record Type J Order Origin LenQth

Figure 105. Field Descri ptor
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There are a fixed number of f ields whose descriptors are collected in a fie ld
descr ipto r table , indexed by the field type number (F igure  106) . This tab le is
com mon to al l processes.

RT Order Or~gin L (len cth )

F~el~ Type
~~-“ber

Figure 106. Field Descriptor Tab le

5 . 2.3.3 Process Local Information -- There are three types of process
loc al information:

• Match bits in records

• Buf f er spaces in the master and host

• Other miscellaneous state information

5 . 2 . 3 . 3 .1 Match Bits In Records -- A process may have a stack of
ma t ch bi t s in every ins tance of every record type . Fortunately , most pro-
ce sses do not require so many stacks.  Each record contains a small  field
holdin g some of these match bit stacks (the space can be sized only after more
i nfo rmat ion about the application is available) . A table is needed for each
process describing the locations of its match bit stacks for each record type
(see Fi gure 1O’~). The TOP describes the current length of the stack. Assume
(arbitrari ly)  that the bottom of the stack has the smallest bit address (BASE ) .
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• Type Base Top
~o.  _______ _______

Process
Descr ip tor Table -‘

for Match Stacks

Matc h Stack Descr ipt or Table
(Process Local)

Figure 107. Match Stack

The sum of BASE and TOP will be the bit address of the top of the stack. The
amount of space allocated for each stack may be different for each record;
the actual allocated Length will be found in the record descriptor (see Section
5 .2 .3. 1).

5.2. 3. 3. 2 Miscellaneous Process State -- All information associated
with procedure calls is saved within a stack , grouped into activat ion blocks;
each act ivation block corresponds to a sing le activation of some procedure.
The format of an activat ion block (see Figure 103) is described next . The
items within the block are :

• SAVED_STATE: The addresses used to return to the calling
program upon completion of this activation. These include the
saved program counter and record index and the pointer to the
preceding activation block.

• • PARA METERS: Parameters passed to the procedur e , placed
in the stack by the calling procedure.

• LOCA LS: Local variab les used during the execution of this
procedure , allocated space upon entry to the procedure.

• LOOPING STATE: The record type numbers of re cords sped-
fied In FOR statement s whose statement list s have not been com-
pleted. These may be intermixed with numeric results pushed
on the stack by arithmetic operations.
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The space in each act ivation block for declared variab les remains fixed after
the alloca tion for local variab les is made upon entry to the procedure. How-
eve r , entries are added to the stack during block entry,  procedur e call , and

• some arithmetic evaluations. For each block entry one word containing the
record type index for the surrounding block is saved , along with a bit indi-
cating whether the correspo nding block locked the record . These words are
s:acked at the top of the activatio n block. Each procedur e call causes the
creation of a new activation block above the current one. The calling proce-
dure inserts parameter values and state holding space on the top of the current
b lock; this space is included within  the next act ivation block by action of the
CA LL operator .

A n item within the current activation block is addressed by an index g iv in g its
location relative to the bottom of the block -- the end where SAVED _STATE
is located . The addressing is shown in F igure 108.

:~~rre~~t ~5 Po in te r

~~~art o~~process state~~~~~~~~~~~~~~~~~~~~~ 

Saved State

Fi gure 108. Addressing Within Activ ation Blocks

It also is necessary to access stacked items not in the current block , although
this is limited to references to parameters, The addresses of such items wil l
be specified by an appropriate master memory address.

5. 2 .3. 4 Addressing Summary -- This design is based on the assumption that
there  will be no dynamic relocation wi th in  the master ’ s memory that is seen
by the slave controller.

Each address within a slav e instruction co ntains two control bits and an ad-
dress field . The context of each address (the operation code plus the position
of the operand for the operation) determines whether a locat ion wi th in  the
master ’ s memory or a table index (for a field) is expected . Fi gure 109 sum-
marizes the addressing data structures.
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5. 2. 3. 4. 1 Location Expected -- There are four cases:

1) The address field contains the (m as t e r s) memory address of
the loc ation .

2) The address field contains the (master ’ s) memory address
where an indirect word (see Indirect  Words below) will  be found .

3) The address field contains the index of the locat ion w ithin th e
cur rent (topmost ) act ivat ion block.

4) The address f i eld contains th e index of an ir.direct word wi th in
the cu rre nt activatio n b lock .

5. 2. 3. 4 . 2 Table Index Expected -- Here we have three cases:

1) The address field contains  the table  index.

2) The address field contains the (master ’ s) memory address
where  at-. indirect word will  he found.

3) The address f ie ld  contains the index of an indirect word wi th in
the cu rrent activation block.

5. 2 . 3. 4 . 3 Indirect Words -- : - ~direct words m a y  spec~~v fu r ther  indirec-
tion , in whi ch case they contain a ma s te r ’ s me mory address . Otherwise.
th e i r interpretatio n depe nds upo n w h e t h e r  a location or table  index is expec te d .
Thus , the re are three cases:

1) The address f ield contains the (master s) memory address of
another indirect  word.

2) The address field contains the (master ’ s) memory address of
the location .

3) The address field contains the table index .

No te that on ly  one bit need be used to select the appropriate case , s ince the
choice of cases 2 or 3 is determined by cont ext .

5 . 2 . 4 In s t r u c t ion  In terpre ta t ion

The i n s t r u c t i o n  in te rpre te r  reads ins t ruct ions  of the types spec i f ied in Sect ion
5 . 2 . 2 a nd iss~ies command sequences to the i teration controller for prope r
execut ion of those instructions .  This section describes one way  to imp l emne ’ .’
m any  of the  inst ruct ions .  These specifications have been designed for red-
sona~ lv ef f ic ient  execut ion ;  usual ly , t radeoffs  have been made in favor of
keepi n g the arra y busy even though more references to the master ’ s memo ry
may  be required.
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Within these descriptions , PL / 1 structure-like notation is used to denote
fields within objects , as in OBJECT . FIELD. The PL/ 1 declarations of these
structures will not be given , so the reader must rely on previous figures . plus
his intuition~
5. 2. 4. 1 Address Generation -- Operand specifications within the implemen-
tation sequences of Section 5. 2 .4 . 3 will be used. The reader should consider
each operand name to be the target address determined by following all in-
direction chains to find either a memory address or a field number . The
necessary addressing algorithms can be generated easily from the descrip-.
tions in Section 5.2. 3.4.

5. 2.4. 2 Iteration Controller Commands -- The following discussion sum-
marizes the commands that the interpreter may send to the iteration con-
troller. They are separated into four groups. The first three groups involve
the word logic. They are: 1) match manipulation commands which affect the
match and T bits; 2) processing (and searching) commands; and 3) I/ O com-
mands . The fourth group, slave commands , result s in alteration of registers
within the slave itself . The reader may wish to refer to Section 4. 2 during
this discussion. The microcode which maps this set of commands into array
control sequences is discussed in Section 5.2, 4.3 .

5. 2. 4 .2 .1  Group 1. Match Manipulation Operations -- The match
mani pulation operations are:

• SAVEm(INDEX) : Copies valu e of m into MM index (fo r all
words); m is unchanged , T is set to 1.

• SELECTm(IND E~~): Copies va lue of 
~~ ‘1index into m (fo r all

words); MM~ is unchanged , T is set to 1.

• STOREm(INDEX): Copies value of \lMifldex into storage wher e
m = 1; storage is unchanged wher e m = 0. MM 1 and m are
unchanged , T is set to 0, storage is advanced 1 bit position.

• STORESTACK(INDEX )~ Copies value of MM0 through MM tndex
into INDEX-4-1 bits of storage where m = 1; storage is unch anged
where rn = 0. MM and m are unchanged , T is set to 0 , storage
is advanced INDEX+ 1 bit positions,

• LOADm(IND EX): Copies value of storage int o MM j ndex where
m = 1; MM ind~x is cleared whe r e m 0. Storage and m are
unchanged , T LS set to 0 . “torage is advanced 1 bit position.

• LOADSTACK (INDEX) : Cop ies value of INDEX+ 1 storage bits
int o MM0 through ~~~1index where m = 1; clears M.M0 through
MM lndex where m = 0. Storage and m are unchanged , T is set
to 0 , storage Is advanced IND~~ C+1 bit positions.
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The following Group 1 instructions involv e operations on T and in and operate
in a common fashion:

Operation Name Operat ion

SETm 1-m
CLEARm 0-’rn
SETT 1-T
CLEART 0-T
COMPLEMENT m
COMPLEMEN1 ’T T-T
NITOT m-T
TTOM T-m
mEXCHANGET T’— m
mA NDTTOm m. T-m
mORTTOm m+T-.m
mXORTTOm m~~T-’m

These operations occur in all words and have no side effects (unspecified
variables are unchanged); storage is not shifted .

The following Group 1 instructions inv olve use of the multiple match resolver
and are deterministic in that , for a given vector in m . the choice of m’ s to be
Selected/Reset is time- invariant :

• SELECTFIRST : Sets all except one of currently true (= 1) m
bits to zero ; T , MM and storage are unaffected .

• SELECTGROUP: Sets all except 10 of currently true m bits to
zero; T . MM and storage are unaffected. (If 10 or fewer m’s
were true , all remain = 1.)

• RESETFIRST : Clears one of the set of currently true m bits;
T , MM and storage are unaffected.

• RESETGROUP: Clears 10 from the set of current1~’ true m bits;
T , MM and storage are unaffected. (If 10 or fewer rn ’s are
true , all are reset .)

• MATCHCOUNT : ~~cecution of this instruction result s in a b inary
count of the number of m’s 1 being placed in a register avail-
able to the interpreter (see the Group 4 instruction discussion
below). No state changes occur in the word logic.
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5. 2. 4. 2. 2 G roup 2. Processing Functions -- This group includes both
searching (match) and arithmetic operations. At the inte rpreter level , the
ECAM arithmetic processing functions occu r in pairs corresponding to MSB-
first or LSB-first ordering of arithmetic fields . This means that , unless MSB—
first  and LSB-first algorithms exist for a given function , one member of the
function pair requires that bits be accessed in descending order of bit ad-
dresses. As may be recalled , the sto rage device baseline assumes only a
unidirectional shift capability. Thus, access in the reverse order implies
that 256 (the block size) + 1 shift s occur between each bit. In only one case
(GREATER-THAN) do MSB-first and LSB-first algorithms exist. For the
othe rs , it is necessary to adapt to the time—cost by choosing the bit-ordering
within a field to minimize total processing time.

In the discussions that follow, the function names indicate the bit (M SB/LSB)
that is to be processed first. An “R” indicates that the array is to be shifted
in the reverse direction. In e ithe r case , storage must be positioned at the
first  bit to be processed prior to beginning the function. Figu re 110 shows the
alternative field o rganization and shift dire ction possibilities.

The processing functions are:

• ADDLSB(LENGTH, BUFFER), ADDLSBR (L ENGTH, BUFFER):
Adds a number from the parameter buffer to the LENGTH-bit
field in all words where in = 1. Words where in = 0 are un-
changed , in and MM are unchanged, T contains the carryout of
the MSB , and storage is shifted by LENGTH bits. (Note: Sub-
traction of the parameter from all matched words is done by
compleme nting the parameter in the interpreter. )

• REVSTJBLSB(LENGTH, BUFFER), REVSUBLSBR(LENGTH ,
BUFFER): Replaces the LENGTH-bit field in all words whe re
in = 1 with the value in the paramete r buffe r minus the value
previously stored in the field . Words with in = 0 are unchanged,
in and MM are unchanged, and T is the carryout of the MSB.

• ACOM PMSB(LENGTH , BUFFER), ACOM FMSBR(LENGTH) : Com-
ares the LENGTH-bit parameter in the buffe r with the correspond-
ing field in all words where in = 1; produces coded result in m and
T as follows:

M,T = 00 nonparticipant
01 field < pa ramete r
10 field > paramete r
11 field = paramete r

whe re in = 0, T is set to 0, and storage is unchanged . (Note 1:
This ope ration inte rprets field and parameter values as pos itive
binary integers. Whe re negative numbe rs are in the permissible
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CASE 1: MSB-FIRST , NORMAL DIRECTION

MSB LS!J

START ~J1IFT
POINT DIRECTION

CASE 2: LSB-F IRST , NORMAL DIRECTION

LSB M~ j

STtRT ~~~~~~~~~~~~~~

POINT D I R ECTION

CASE 3: MSB” FIRST , REVERSE DIRECTION

LS B MSB

APPARENT
SHIFT D IR ECTI O N

SLTA RT
POINT

CASE 4: LSB ’ FIRST , REVERSE DIRECTI ON

I MSB LSB]

4APPARENT t
SHIFT DIRECTION

- START
POINT

Figure 110. Alternative Field Organization and
Shift Direction Possibilities
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domain, the positive and negative sets must be separated prior
to use of ACOM PMSB. Note 2: The equality test of this function
is used for exact-match searches on non-numeric fields where -

masking is not required. In this case , the A COM PMSB form is
always used since field order is irrelevant. )

• MINMSB(LENGTH , BUFFER), MINMSBR(LENGTH , BUFF ER) and
MA~~~ISB(LENGTH , BUFFER), MAXMSBR(LENGTH , BUFFER) :
For the set of words where m 1, all m’s are set to zero except
those marking words which contain the maximum or minimum
field values within the set. Fields are interpreted as positive
integers; where in was 0, it is unchanged. Storage is not altered ,
but is shifted by LENGTH bits , the previous value of T is destroyed.

• COMPLEMENT(LENGTH): Replaces the LENGTH-bit field with
its two’s-complement in all wo rds where in 1. Words where
m = 0 are unchanged , in and MM are unchanged, and T is set to 0.
(Note: Works independently of field bit order .)

• MASKEDSEARCH(LENGTH , BUFFER) : Compares the LENGTH-bit
paramete r with the corresponding field of al l wo rds where the
second parameter in the buffe r is zero , m remains set in all words
containing matches , words with in = 0 are unchanged, T is un-
changed , and storage is shifted by LENGTH bits .

5. 2. 4.2 .  3 Group 3. Input/Ou tput Functions -- The I/O functions are:

• WRITEALL(LENGTH) : Transfe rs the LENGTH-bit parame te r
from the buffe r into all words where M = 1. Words with m = 0 are
unchanged, in and T are unchanged , and storage is shifted by
LENGTH bits.

• READALL(LENGTH) : Transfe rs the logical-OR of the values of
the LENG TH-bit fields in all words where in = I into the pa ram-
eter buffe r. Wo rds with m = 0 do not participate , in and T are
unchanged, and storage is shifted by L ENGTH bits. (Note : This
capability is provided in the array as a component of the MAX/ M IN
algo rithm. It is extended to the programmer level via th is function
code so that it may be used if needed .)

• WRITEFIRST(LENGTH) : T ransfers a LENGTH-bit parameter fro m
the buffe r into the word having in = i. Wo rds having in = 0 are un-
changed, m and T are unchanged , and storage is shifted by LENGTH
bits. (Note: This operation can only be performed when there is a
single m that is true. This can be guaranteed by preceding the
WRITEFIRST with a SELECTFIRST operation. )
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• READFIRST(LENG TH): Transfers the LENGTH-bit field from
the word having in = 1 to the pa ramete r buffer. Words having
m = 0 are unchanged , in and T are unchanged , and storage is
shifted by LENGTH bits . (See note for  WRITEFIRST. )

• READFIRSTANDMARKDU PES(LENGTH): Operates like
HEADFIRST , but also sets T = 1 in all words having field values
identical to the one read out. (Note: Sett ing of T is independent
of in and MM values .)

• READGROUP , WRITEGROUP: These ope rations will be imple-
mented within the Fast I/O controller, so cannot be specified in
detail at this time. In general , they will work like the
READFIRSTIWRITEFIRST pair , except the data source/destina-
tion will be either host memory or some system I/ O device.
Execution of either of these will involve the interprete r’s relin-
quishing control of the array to the Fast I/ O controller for the
duration of a 1 to 10 word group transfer . G roups are chosen
via the SELECTGROUP operation prior to beginning the transfer.

5. 2. 4. 2. 4 Group 4. Slave Commands -- This group of functions is the
method by which the inte rprete r reads and writes the wo rking registers of the
interpreter. With the exception of the TO f unctions, they will primarily be
used for maintenance and diagnostic purposes.

The first two are transmitted through the no rmal buffer mechanism:

• TO(BIT): Copies the value (BIT) from the Length register into
the Bit Address register of the Ite ration cont roller. This action
causes storage to be advanced so that the indi cated bit is ready to
be operated upon.

• READREG(INDEX) : Copies the contents of the indexed register
into the IT Output Register.

Index codes will be provided for:

• BIT COUN T

• BIT ADDRESS

• MICROADR

• FIRST ADR

• PHYSICA LADR

Registers as discussed in Section 4. 1.
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The third Group 4 “ instruction” is access to the IT Output Register as a source
on the interpreter bus. Afte r executing a MATCHCO UN T or a READREG
ope ration , the inte rpreter obta ins the result by accessing the Output Register.

For reference pu rposes , the Iteration controller commands are summarized
in Table 49.

Table 49. Iteration Controller Commands Summary

G roup 1: Group 2:
SAVEm ADDLSB , ADDLSBR
SELECTIn REVSUBLSB , REVSUBLSBR
STOREm ACOMPMSB , ACOM PMSBR
STO RESTACK MINMSB , MINMSBR
LOADm MA~OiISB, MAXMSBR
LOADSTACK COM PLEMENT
SETru MASKE DSEARCH
CLEARm
SETT G roup 3:
CLEART WRITEALL
COMPLEMENTm READALL
COMPLEMENTT WRITEFIRST
MTOT READFIRST
TTOM READFIRSTANDMARKDU PES
rnEXCHANGET~ READGROTJP
mANDTTOm WRITEGROUP
mORTTO in
mXORTTOzn G roup 4:
SELECTFIRST TO
SELECTGROUP READREG
RESETFIEST
RESETGROU P
MATCHCOUNT
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5.2.4.3 Slave Instruction Implementation -- The following sections contain
“ pseudo-programs” which may be thought of as pro totypes for the interpreter
microprograms. In the interests of clarity , many detail s of information
+r ansfer have bee n omitted , as has the MSB/LSB-firs t  issue in the arithmetic
instructions .

5. 2. 4 . 3. 1 Usefu l Routines --
• PROLOGUE (FIELD):

FIELD_DESCRIPTOR:=FIELD TABLE ORIGIN-./*Retrieve
descriptor* /FIELD_DES(FIELD);

IF FIE LD_DESCRIPTOR. RT~RECORD_TYPE /*Field in wrong
e ord t ‘~e°~THEN ERROR;

FLENGTH :=FIELD_DESCRIPT QR . LENGTH; / ‘~Capth re length~ /

FORDER :=FIELD_DESCPJPTOR. ORDER; /~~Cap~~re order~ /

RETURN;

END PROLOGUE;

• PUSH_STACK: / Manipu lat in g the match bit stack’~/

IF MATCH. GT. STACKS PACE THEN OVERFLOW;

SAVEm(MATCH); / *Save previous value */
MATCH : MATCH+1;

RETURN;

END PUSH_STACK ;

• POP STACK: /~ Manipulating the match bit stack~ /

IF MATCH . EQ. 0 THEN UNDERFLOW;
• MATCH: MATCH- 1;

SELECTm (MATCH); /°Pu t new value in M */

R~~~URN ;

END POP_STACK;
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• SAVE_M.ATCH_BITS: 1* Copy match bit s from word logic to
record* /

SA VEin (MATCH):

TO (MATCH STACK ORIGIN);

SELECTtn (15); /* Select words of correct forrnat*/

SAVESTACK (MATCH)

R Fn:’URN;

END SAVE_MATCH_BITS;

• LOAD_MATCH_BITS: /*Copy match bits from record to word
logic*/

TO (MATCH _STACK )RIGIN) ;

SELECTm (15); /*Se lected word formats onl~~ /

/° Read occupancy bit and mask bit* /

LOA DSTACK (MATCH)

SELECTm (MATCH); 1* Put top of match stack in M*/

RETURN;

END LOA D_MATCH_BITS;

• SELECT_WORDS: / *Find ECA M words of proper format* /

IF FORMA T_CODE: RECORD_DESCRIPTOR,
/*Test FORMA T CODE from previous
and bypass this when the new record
instances are in the same words as the
old record instances. ’~ /FORMAT THEN RETURN;

TO (WORD FORMA T NUMBER);

SETm;

MTOT;

FORMAT _CODE: RECORD_DESCRI PTOR. FORMAT;
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B: FIND_FREE_BUFFER

COPY (FORMAT_CODE, B , 0); /* Copy string to beginning of
buffer~ /

FOR M= 1 TO LENGTH_OF_FORMAT CODE DO

/* We could build this into the iteration
box to set up match 15 and leav e match
in the set bit s* /

ATOMIC ARITH COM P (B);

END FOR;

MANDTTOM;

MTOMATCH (15);

CLEART ; /*Save matched word indicat ions in
match (l5)~~f

RETURN ;

END SELECT_WORDS ;

• ONE~~STRING _ PROLOG UE (STRING ,FIELD); /*Common overhead
for operations with

PROLOGUE (FIELD); one field operand* /

IF F LENGTH. NE. LENGTH( STRING) 1* Lengt h check’~ /

THEN ERROR; / *Justify or abort* /

B: FIN D_ FREE_~ UFFER /*Get buffer for string* /

COPY (STRING , B , 0); /*Put string in buffer*/

TO (RECORD_DESCRIPTOR. ORIGIN 1* Shif t to f ield~ /

+ FIELD_DESCRIPTOR. ORIGIN);

RETURN ;

END ONE_STRING_PROLOG UE /*Now all set up to per-
form function * /
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• TWO_STRING_ PROLOGUE (STRING 1, STRING2 , FIELD) :
/~ Two-field operand overhead* /

ONE_STRING_PROLOGUE (STRING 1. FIELD);

IF 2*FLENGTH. GT . BUFF ERLENGTH /*Strings won ’t fit in
bu.ffer* /THEN ERROR;

IF FLENGTH. NE . LENGTH(STRING2)

THEN ERROR ; /~ Length mismatch error* /
COPY (STRING2, B, FLENGTH);

H

END TWO_ STRING_ PROLOG UE;

• LOOP: /~ In prologue of every instr. that can be in
automatic loop* /

IF LOO PING THEN RETURN ; /~ [f in a loop now , do nothing* /
LOOPING: TRUE ;

RECORD_INSTANCE : = 0; /‘~ Initialize instance index* /
B IT_ STACK _TOP: MATCH; /*Save top at’ bit stack for

looping* /
LOOP_LENGTH :=RECORD _TABLE _ORIGj N .~/*Cap~~ .e loop

counter* /
RECORD ...LIST _DESCRIPTOR(RECORD_TypE) . LENGTH;

LOOP_HEAD :=pC; /*Save origin of loop; comes back to this
target instruction* /

R Efl’URN;

END LOOP;

• DONT_ LOOP: /*Used in prologue of every instr. that cannot be
in automatic loop*/

IF LOOPING THEN RETURN;

SAVE _ MATCH _BITS; /*Save Last match bit stack* /
R ECORD_I NSTANCE; = RECORD _INSTANCE÷1 ; /* Move to next

ins tance* /
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IF RECOR D_INSTANCE. GE. LOOP_ LENGTH THEN

LOOPING:=FALSE / *Terminate the loop*/
RET UR N

RECORD DESCRIPTOR: RECORD TABLE ORIGIN-

RECORD _LIST_ DESCRIPTOR(RECORD_TYPE). ORIGIN-

RECORD DESCRIPTION(RECORD . INSTANCE);
1* Read descriptor of next iri s tance* /

/*Check for same word format* /

SELECT _WORDS; /*Mark match bit 15 in all words having
correct format* /

/*Read occupancy bit and use as mask~ /

LOA D_ MATCH _BITS; /*Copy match bit stack from ECA M to
match bit s in word logic* /

MATCH: BIT_ STACK _TOP; /*Restore top of bit stack count~/

PC: LOOP_HEAD; /*Cause looping on next fetch* /

END DONT_ LOOP;

5. 2. 4. 3. 2 Instruction Implementations -- The following pseudo-programs are
prototypes for operational microcode:

• FOR(FIELD) : /*The options ALL , MATCHED , and LOCKED are
tested within* /

DONT_LOOP;

IF LOOPING THEN RETURN ; /‘~Finish loop~-/

PROCESS _TABLE _ORIGIN- PROCESS_TABLE _ENTRY
(PROCESS_NUMBER). MATCH_STACK _DES-

MATCH_ STACK _DESCRIPTOR _TABLE _ ENTRY
(RECORD_ TYPE): MATCH// MATCH_ STA CK_ORIGIN;

/*Save status of match stack for the surrounding
block* /

FIELD_DESCRIPTOR: FIELD_TA BLE _ORIGIN
FIELD_DES(FIELD); /Retriev e descriptor* /
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R ECORD_TYPE: FIELD_DESCRIPTOR. RT; /*Set up record
• type*/

TOP_OF_ STACK _PTR:=TOF_ OF_ STA CK_PTR+ 1;

TOP_OF_ STAQ( _ PTR _WORD: LOCKED//RECORD _TYPE;
/~Stack new record type*/

MAT CH_ STA CK_D ESC: = PROCESS_TABLE _ORIG IN
PROCESS_TABLE ~ENTRY(PROCESS _.NUMBER) .
MATCH _ STACK _ DES- MATCH _ STACK _DESCRIPTOR_
TABLE _ ENTRY(RECORD _TYPE) ; /~ Retrieve match

stack informat ion* /

STACKS PACE : RECORD _TA]3LE _ORIGIN- /*Lengt h of space
in record for each
match stack* /

RECORD _ LIST _ DE SCRIPTOR(RECORD _TY PE).

STACKSIZE;

IF MATCH_STACK _ DESC=NULL

THEN DO /~ Need a new stack* /

• SPACE _TEST: ALLOC_ BITS : RECORD _TA BLE _ORIGIN ’

RECORD_ TABLE _ ENTRY(RECORD _TYPE) . STACK _USAGE;

• IF ALLOC _BITS. NE.ALL _ ls

THEN DO /*Stack space is available*/
IND E~~: SCAN(ALLOC _BITS , ‘0’); / *Find first unused

space* /
RECORD _TABLE _ORIGIN-’

RECORD_TABLE _ENTRY(RECORD_TYPE).

STACK _USAGE(INDEX) : =1 /*Set allocation bit* /

MATCH _ STACK _DESC. ORIGIN : = /*Compute stack origin* /

STACKS PACE* INDEX+STACK_ SPACE _ORI GEN ;

MATCH _STACK _ DESC. TOP: 0; /*Set top of new stack* /

END_THEN; ~-~Note : Match stack descriptor will be
completely saved at end of loop*/
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ELSE DO

SIGNAL_ MA STER_ TO _WAIT_FOR_STA CK
/*Send message to master that you can-
not proceed until there is stack space
available in this record type* /

(RECORD_TYPE);

WA IT;

GOTO SPACE_TEST; /*Try again on reactivation*/

END_ ELSE;

END_DO; /*End of stack allocation sequence* /

MATCH: MATCH _STACK . DESC. TOP; 1* Capture top of
stack* /

MATCH STACK _ORIG IN ;=MA TCH_ STA CK _ DESC. ORI GIN ;
R’Capture stack origin */

• LOCK _TEST : / *Note that the Lock must  be checked even if this
process won ’t lock it~ /

IF RECOR D_TABLE_ORIGIN-’ RECORD _TABLE _ ENTRY
(RECORD _TYPE). LOCK . NE. 0 A

RECORD_ TA BLE _ORIGIN -RECORD_ TABLE _EN TRY
(RECORD_TYPE) . LOCK. NE . PROCESS_NUMBE R

THEN DO /*Already locked* /

SIGNAL _ MASTER ...TO_WAIT_ FOR~ LOCK /*Awaj t
(RECO RD_TYPE); unlocking* /

WAIT;

GOTO LOCK _TEST;

END_ DO;
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IF LOCKED THEN

RECORD TABLE ORIG IN-RECORD /*Set the lock. Note
that the separation

_TABLE _ENTRY(RECO RD_TYPE) works because this
LOCK:= PROCESS_ NUMBER ; sequence cannot be

process in the in-
struction interpreter
stops except by its
own volition - - it
being assumed that
the query translator
will produce “ sound”
code. *1

/~ How3ver , note that deadlocks are possib le in this scheme~~/

/~~Process number is used in the lock to permit nesting
WHILES using the same record type; they would hang
up without a process number check.*/

IF ALL THEN /~ Check the ALL vs MATCHED optio n*/

PUSH 1; / Execute the implied PU SH 1*/

RETURN ; -;

END_ FOR; /*Not e that the name FOR is ambiguous , being a
procedure-- defined here-- and an element of the
def ining lang uage. The contex t should make the
meaning clear.*/

• END_ FOR: /* This is a procedure entry-- see note at end of
FOR defin ition. */

DONT_ LOOP;

IF LOOPING THEN RETURN; /*Finish loop*/

MATCH_ STA CK_ DESC. TOP: MATCH; /*  Save top of match
bi t stack* /

PROCESS _TABLE _ORIGIN-’

PROCESS_TAB LE _ ENTRY( PROCESS_ NUMB ER)
MATCH_ STACK_ DES- MATCH _ STA CK_DESCRIFrOR
TABLE _ ENTRY (RECORD_TY FE): MATCH _STACK_ DESC;

/*Save match stack descrlptor* /
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IF TOP_OF_STA CK_PTR-WORD. LOCKED=1B

THEN /*Clear the lock*/

RECORD_TABLE _ORIGIN-

RECORD_TABLE _ ENTRY(RECORD_ TYPE).
LOCK: =0 ;
/*Now all state has been saved and we can restore
the state of the surrounding block* /

TOP_OF_ STA CK _ PTR: T0p _OF_ STACK _ PTR - 1; /* Pop the
stack~ /

REC ORD_TYPE: =TOP _OF_ STA CK_PTR- 1* Retrieve record
WORD. SAVED _ REC _TYPE; type’S /

MATCH_ STA CK _DESC: PROCESS _TABLE _ORIC~IN
/* Retrieve match stack in 1ormation~ /

PROCESS_TABLE_ENTRY(PROCESS_NuMBER) .
MATCH_STACK _DES-’M.ATCH_STA CK_DESCRIPT OR _ -

TABLE _ENTRY(RECORD_TYPE);

MATCH: MATCH _ STA CK_DESC. TOP;

MATCH _STACK _ORIG~~ : MATCH _ STA CK_ DESC• ORIGIN;

RETURN;

END END_FOR;

• FIND (STRING ,FIELD):

LOOP ;

ONE _ STRING _ PROLOGUE(STRING , FIELD); /~ Housekeeping* /

IF MATCH. GT . 12 THEN ERROR; / *Any space for results?~- /

mTOT; /*Set up initial match bit s*/

ACOMPMSB(FLENGTH , B) /*Do compare* /

m.AN DTTOm; /*Combine results* /

RETURN ;

END FIND ;
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• GREATER (STRIN G, FIELD):

LOOP;

ONE _STRING _PROLOGUE(STRING , FIELD); /* See FIND for
comments* /

IF MATCH. GT. 13 THEN ERROR;

mTOT; / *Initialj ze match bit* /

ACOMPMSB (FLENGTH , B)

CO).IPLEMENTT;

~~~N~~~TOT ;

RETURN;

END GREATER ;

• LESS (STRING , FIELD):

LOOP;

ONE _STRING _PROLOGUE(STRIN G , FIELD); /~ See FIND for
comments* /

IF MATCH. GT. 13 THEN ERROR;

mTOT; /‘~Initial ize match b it* /

A COMPMSB (FLENGTH ,B)

COMPLEMENTm;

rnANDNOTTTOm;

RETURN;

END LESS;

• ADD (VALUE , FIELD) :

LOOP;

ONE _$TRING_PROLOGUE(STR IN G , FEELD);

PUSH _STACK; /*Save match bit* /
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A DDLSB (FLENGTH . B);

TTOM; R’Overflow left in M~ /

RETURN;

END ADD;

• SUBTRA CT_ FIELD (VALUE , FIELD) :

LOOP;

ONE _ STRING _ PROLOGUE (STRING , FIELD) :

PUSH _ STACK; /*Save match bit* /

REVSUBLSB (FLENGTH B)

TTOM: /~ Put overflow in M~’ /

RETURN;

END SUBTRA CT_FIELD;

• PUSH1:

LOOP;

PUSH_ STACK; /*Get new entr~~ /

SELECTm (15); /*Match (15) contains word selection bit~~/

RETURN;

END PUSH 1;

• PUSHO:

LOOP;

PUSH _ STA CK;

( T ~EARm ;

RETURN;

END PUSHO;
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LOOP;

POP_STACK;

RETURN;

END POP;

• DUPLICATE :

LOOP;

PUSH _STACK; /~ This leaves previous value in M*/
RETURN;

END;

• ENCHANGE :

LOOP;

mTOT; /*Top* /
SELECTrn (MATCH-i) :

MEXCHA NGET;

SAVEin (MATCH-i);

TTOM;

RETURN;

END;

• ROTATE3PLACES:

LOOP;

IF MATCH, LT .2  THEN rND ERFLOw ;

mTOT; / “T
SELECTrn (MATCH..1); 1kM = M 2 ,  T =
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SAVE m (MATCH); / ‘~M = M 2, T = M 1; M 1 rewr itt en’~/
SELECT m (MATCH-2); /*M = M 3, T = M 1; M 1 rewritten* /
SAVEm (MA TCH-i) ; / *M = M 3, T = M 1; M 1, M2 rewritten* /
TTOm; /~ M = T = M 1; M 1, M2 rewritten* /
SAVEm (MATCH-2); /*M T = M1; all rewritten* /

SELECTm (MA T CH); /*Restore correct state in M~~/

RETURN;

END ROTATE3PLACES;

• NOT:

LOOP;

COMPLEMENTm ;

RET URN;

END NOT;

• OR:

LOOP;

mTOT ;

POP_STACK;

mORTTOm ;

RETURN;

END OR;

• AND:

LOOP;

mTOT ;

POP_ STACK;
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mA NDTTOm;

RETURN ;

END AND;

• XOR:

LOOP;

mTOT;

POP_ STACK;

mXORTTOm;

RETURN ;

END XOR;

Note: The foregoing list is not complete: the following instructions are among
those that have not been implemented due to time constraint s on the current
effo rt :

• DECREMENT

• FASTREAD

• FASTWRITE

• READ

• WRITE

• GO_ TO

• IF POSITIVE _GO_TO

• SAVE _BLOCK CALL

• ALLOCATE

• RETURN

• HA LT

• WALT

• ADD

• SUBTRA CT

• COPY

• STRING COPY
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• ADDRESS _COPY

• MAKE _ POINTER

• SELECT_ FIRST

• REA D _ FIRST

• WRITE _ FIRST

• RESET _ FIRST

• READ _FIRST_ ELIMINATING _DUPLICATES

• MATCH _COUNT _ TO

• STATUS _ TO

• MA XIMUM

• MINIMUM

5. 2. 5 Firmware Register Assi gn m ent s

This section specifies a possible assignment of emulation reg isters to the
reg ister modules provided in the interpreter (see Section 4. 1). The important
information is the module assignment , although specific assignment s within
the modules have also been given. To develop the assign ment s , the registers
mo st frequent ly used are describ ed; this  leads to a tentative distr ibution of
the registers into two independent sing le-por t register files .

5. 2. 5. 1 Information for Slave Registers -- The information that might reside
in the slav e’ s registers will be listed in groups based on the frequency of
reloading the registers. Not e that these frequencies can be quite different
from the usage frequencies.

There are six different groups; the least frequently changed group will be
listed first.  Groups are designated within this list by the events causing
their contents to (potentia l ly ) change:

A. Modif y data base structure or change descriptor tables
B. Process switch
C. Procedure call
D. Enter FOR block
E. Enter implicit loop

“4
F. Begin m acro instruction execution
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Group A: This group inc ludes registers holding the ori gins of system tables.Normally , the contents of these reg isters are not changed. The registers inthis group are:

A l :  Process Tab le Origin
A2:  Record Table Origin
A3: Field Table Origin

A L L of these pointers are absolut e addresses within the master ’s memory . Ifthese tables should be length-checked , three additional registers holding thelengths should be assigned within the group. Each lengt h register should belocated in the same register fi le as the corresponding origin register.
Group B: This group includes registers holding information about the processbeing executed. The contents of these registers are changed when the masterswitches the controller to a new process . The registers in this group are:

31: Process Number
32: Stack Limit
B3: Stack Base

The process number is an integer used to index within certain tables. Stacklocation information is kept as absolute addresses within  the master ’smemory. It is used to check for overflow arid underfiow ,
Group C: This group includes registers holding info r mation about the activa-tio n black correspondin g to the current or next procedure invocation . Thecontent s of these reg isters are changed during a procedure call code sequenceand during the return operation . The registers in this group are:

Cl; Base of Current Activation Block (AB)
- - C2: Next Valu e for Cl

These quantities are absolute addresses within the master’s memory, Thecontents of C2 are changed by the SAVE-BLOCK operator , which ini tiatescalling sequences, The ENTER and RETURN operators modify Ci , which isused primarily to locate local variables allocated stack space .
Group D: Registers in this group hold information about FOR blocks , whichspecify array record s to be manipulated . The contents of these reg isters arechanged by the FOR and END-FOR operators which bracket the blocks, Theregisters in this group are:

- 
_ Dl: Record Type Numbe r

D2: Record Instance List Ori gin
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D3: Recor nstance Limit
D4: Match Stack Origin
D5: Match Stack Limit

- I The record type number and match stack limit are integers. The record
instance list origin and limit are absolute master memory addresses , The
match stack origin is a bit position ind ex within array words.

Group E: Registers in this group hold information used to control implicit
loops . The contents of these registers are changed upon entering the implicit
loop or upon returning to the beg inning of an implicit loop. All array opera-
tions that may be within implicit loops are considered to be within such loops
(even though this may require that the loop contain only one operator). The
registers in this group are :

El: Saved Top of Match Stack Index

E2: Record Instance Descriptor Pointer

E3: Record Instance Origin

E4: Word Format Code

The index is an integer ; it is used to reset the top of mat ch stack index (F3)
when the implicit ioop is re-executed . The record instance descr ptor
pointer is a master memor address used to find the descriptor of the
record instance used within the current loop. From this descri ptor , the
ori gin of the record instance (a bit index within the array words) is retrieved
and the format code (an arbitrary bit pattern) used to select the appropriate
array words.

Group F: Registers in this group hold information used within  single macro-
instruction interpretation cycles . The contents of these registers may be
changed at arbitrary points within these cycles . The registers in this group
incl ude :

Fl: Program Counter

F2: Top of Activation Block Stack
F3: Top of Match Stack

F4: Field Number
F5: Field Bit Origin
F6 : Field Length
F7: Macro Function Code

F8: Instruction Bits No . 1
F9: Instruction Bits No . 2
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FlO: Instruction Bits No . 3
Fil:  Instruction Bit s No. 4
F 12: Operand Address No . 1
F13: Operand Address No. 2

F14: Operand Addr ess No. 3
F15: Operand Value No . 1
F16: Operand Value No. 2
Fl? : B uffer Number

5. 2. 5 . 2 Register Assignments to Register Files -- From the preliminary
implementations of the slav e machine instructions , it was determined which
pairs of registers participated in binary operations , with two registers as
data. These registers were then assigned to two files , resulting in Figur e iii .

FILE A FILE B

Al  - Bi

F2~~~~~~~~ - B 2

Dl A2

E2 D3

1 ) 5 -  F3

E3 — F5

:~o~~~~~~~~~~~~~ :~l

F 16 _
~~~~ F17

Figure l i i .  An Assignment of Registers into Two Files
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showing an assignment of registers into two files (A and B) such that no binary
operation requires two operands from the same file. Lines connect the pairs
of registers that must be located in different files.

The final register assignment (Tables 50 and 51) is constructed by assigning
those registers not appearing in Figure 111 to register file s , using the con-
straints  that : (1) those registers which supp ly b inary operands used with
constant (literal) operands should be located in File A (since literals are
placed on the B bus); and (2) those registers supp lying master me mory
addressez should be located in File A (since the master interface takes
addresses from the A bus) .

Tab le 50. Register Assignment s within Register File A

Address (hex) I Code Name Descript iv e Name

20 Al  Process Tab le Orig in

21 Dl Re cord Type Number
22 D2 Record Instance List Origin
23 D4 Match Stack Origin
24 D5 Match Stack Limit

25 E2 Record Instance Descriptor Pointer

26 E3 Record Instance Orig in

27 E4 Word Format Code
28 Fl Program Counter
29 F2 Top of AB Stack
2A F4 Field Number
2B F6 Field Lengt h
2C F8 Instruction Bits No . 1
2D FlO Instruction Bit s No , 3
2E F12 Operand Address No . 1
2F F13 Operand Address No. 2

30 Fl4 Operand Address No. 3

31 F16 Operand Value No . 2
32-3F --- Unassigned/ Temporary Storage
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Table 51. Register Assignments within Register File B

Address (hex) Code Name I Descriptiv e Name

60 A2 Record Table Origin

61 A3 Field Table Origin
62 B 1 Process Number
63 B2 Stack Limit
64 33 Stack Base
65 Cl Base of Current AB
66 C2 Next CI Value
67 D3 Record Instance Limit
68 El Saved Top of Match Stack Index
69 F3 Top of Match Stack
6A F5 Field Bit Origin
63 F7 Macro Functio n Code
6C F9 Instruction Bits No. 2
6D Fli  Instruction Bit s No . 4
6E FiS Operand Value No . 1
6F F17 Buffer Number

70- 7 F --- Unassigned/Temporary Sto rage
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SECTION 6

HARDWA R E IMPLEMENTATION

The ECAM system will consist of three basic cabinet types:

• Memory Unit cabinet
• Control Unit cabinet
• Peripheral cabinet

A minimum system will have one each of these cabinets and a ma~dmum
Memory Unit storage capability of 10 million bytes. Expansion to 160 million
bytes will be accommodated by adding additional Memory Unit cabinets up to
a total of 16 per Control Unit. Each Memory Unit will be interfaced via dif-
ferential twisted-pair cabling into dedicated buffer boards in the Control Unit.

A typical ECAM system is shown in Figure 112. All Control Unit and Pen-
pheral cabinetry and other hardware is of the standard 19-inch-wide variety.
The Memory Unit cabinet is necessarily slightly wider - 23 inches. Com-
mercial-grade part s are used wherever possible to lower system cost. A
floor plan concept for a 160-million-byte system (16 Memory Unit cabinets)
is shown in Figure 113. Such a system would require approximately 400
square feet of floor space. Total power requirements would be appro dmate-
ly 100 kilowatts at 230 volts , 60 cycles.

6.1 MEMOR Y UNIT CABINET

The Memory Unit cabinet will contain up to 10 million bytes of storage capa-
bility. The functional organization will be 20 , 480 serial words of 4096 bits
each . The physical partitioning will be 32 storage boards with 640 words per
board. Each group of eight storage boards will be driven by one of four
Storage Buffer boards which will in turn be driven by a single Memory Unit
cabinet buffer board. These five boards, along with a small amount of logic
on each storage board and all of the back panel wiring, cabling, and termina-
tion , will comprise the signal distribution system within the Memory Uni t
cabinet . A diagram of the physical interconnect scheme for the Memory Unit
is shown in Figure 114. An artists concept ion of the Memory Uni t is shown
in Figure 115.

The total board complement of 38 boards is comprised as follows :

• 32 storage unit boards at 85 watts per board

• 4 storage buffer boards at 4 watt s per board (Memory Unit
Signal Distribution Board A)
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• I cabinet buffer board at 4 watt s per board (Memory LTnit
Signal Distribution Board B)

• 1 cabinet test interface board at 5 watts per board

Each board will be 12 inches x 16 inches with 200 1/0 connector pins each,
AU boards will be housed in two card cages with space for up to 19 boards
per cage. Figur e 116 shows the arrangement of cards in the Memory Unit
cabinet.

6 . 1. 1 Power Supplies and Cooling

Figure 117 is the Memory Unit layout showing location of boards , power sup-
plies , and blowers. Required voltages of +5 , -5, and +12 are provided by
power supplies selected from the Honeywell 6000 Series computer main-
frame system. These supplies are manufactured commercially at the Deer
Valley Plant of the Honeywell Phoenix Computer Operations. Dual Rotron
MB-8 100 cabinet panel blowers that deliver air at the rate of 500 cubic feet
per minute each were selected for the Memory Unit cabinet. Air ducting in
the cabinet will be designed to provide room temperature inlet air to the
power supplies and boards separatel~r. Total air temperature rise through
the cabinet will be approximately 20 F.

6. 1. 2 Storage Board

The ECAM architecture was initially conceived and developed aroun d the
Contractor- developed T- 10 (superchip) charge-coupled device (CCD) . The
T-10 has been developed to the point of prot otyping the chip, but further
development is questionable at this point . A major problem related to the
T-10 was identified early in the ECAM development when the requirement for
Read/Modif y/Write ( R/ M / W )  of the storage device became apparent. The
T-lO does not have this capability, but could be modified to incorporate it.
The initial baseline design of the storage board included eight 3-inch x 3-inch
hybrid modules with eight T-l0 CCD chips per hybrid, The T-l0 is organ-
ized as 10 serial words of 4096 bits each. Each hybrid had eighty 4096-bit
words and each board had 640 words. An example of this hybrid organiza-
tion is shown in Figure 118.

Recognition of the R I M I W  problem in the T-10 led to consideration of other
storage alternatives which might already be commercially available and
which might be easily accommodated without significantly changing the
architecture. The ECAM architecture is quite independent of the storage
media and therefore provides the capability to use serial storage devices
per the state of the art at the time of actua l system build.
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Our current packaging baseline storage device is the Fairchild 4096 x 4-bit
CCD (CD-460). This 16K-bit device is a dynamic N-channel device with a
shift rat e of up to 5 MHz. The CD-460 is transistor-transistor logic (TTL)-
compatible at all I / O  pins except for the two-phase clock pins. It has four
operating modes:

• Read

• Writ e

• Read/Modi fy! Write

• Recirculate

and has a maximum power usage of 200 mW . The CD-460 has a chip size of
201 x 219 mj ls and comes in a standard dip package of 22 pins. The base-
line packaging scheme for the storage devices in the ECAM system is to use
hy brid technology on a 12-inch 2C 16—inch motherboard (Figur e 119).

An alternate packagin g approach would be to use dip packaging. This ap-
pr oach would double the board count or , conversely, ha lve the num ber of
4096 bit words per 12-inch x 16-inch board to 320 instead of 640.

For systems that do not require as much memory storage or that do not have
a space problem , the dip packaging approach might very well be the most
cost effective. Also , there are expectations for a 65K version of the CD-460

5 to be available within 12 months ( 1977) . This is a fourfold increase which
will have the same organization (four data I/O) , but which will have 16K bits
per word. This will quadruple the amount of storage capability in the same

4 volume, but will also increase the ECAM search time by about the same
factor due to the loss of parallelism. The speed versus volum e versus cost
tradeoff will have to be considered very carefully at the time of actual im-

-
~~ plementation, since it is somewhat application-dependent.

The hybrid module approach described below will use a 3-inch x 3-inch hybr id
package with 80 words of 4096 bits each (327 , 68 0 bits) . Each board will
contain eight hybrid s, with additional control and buffering logic in the form
of discrete logic dips (approximately 50 dips) . A functional block diagram of
the Memory Unit storage board , using hybrids , is shown in Figure 120. The
hoard will be approximately 12-inches x 16-inches , will have approximately
200 1/0 pin s (estimated 55 required) , and will dissipate approximately 85
watts  of power.

6. 1. 2. 1 ECAM 1-lybrid -- Each storage board will contain eight 3-inch x
3-i nch hybrids (F igure 121) which will be organized as 80 words of 4096 bits
each. Thi s organization still reflects the ini tial intentions of usin g the T-10
( 10-channel) CCD. Not much is changed by the use of the ( ‘D-460 except tha t
ins tead of a single 500-mu x 500-mu chip connected to every 10-cha nnel
WLLC , there  will be 2. 5 four-channel CCDs connected to every ~V L LC
(Figure 122) . Minor control signal changes are also required. Total part s
complement for the 3-inch x 3-inch h ybr id i~~~~ :
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• 20 CD-460 CCD storage devices

• 8 custom word logic LSlCs

• 8 clock driver chi ps

• Approximately 10 control and data buffer chips

A motherboard approach will be used in the hybrid package. Two subunit
types will be developed: a storage subunit , and a buffer subunit. Each hybrid
will have four storage subunits and one buffer subunit. Each storage subunit
w~11 contain 20 words (two WLLCs and five CCD c-hips) . If a different CCD
storage device (i. e.,  not CD-460) is used , a redesign of the storage subunit
should accommodate the differences with no impact on the rest of the hybrid.
More drastic changes , such as switching to RAM or Bubble devices , will
probably require more significant redesign of the hybrid.

Total hybrid power dissipation is expected to be approximately 10 watts. All
ICs are commercially available with the exception of the WLLC custom LSIC ,
which is the main control chip for ten 4096-bit - words. Each hybrid will r e-
qui r e approximately 42 pins for I /O , control , and power. A detailed dimen-
si on drawing of t he hybrid package is shown in Figur e 123.

6. 1. 2. 2 Word Logi c LSIC (WLLC) -- The word logic LSIC contains the main
control logi c for 10 words of serial memory. A sample layout of the WLLC
LSIC is shown in Figure 124. As indicated in the figure , each word has a
certain amount of unique control logic associated with it. Also , the control
and switching matrix for DIO is shown . Additional gating and buffering
(d rivers) for control signals will be necessary as well,

An N-channel silicon gate process was used for estimating the LSIC chip
sizing. This process has been used at Honeywell ’ s Contractor ’s Solid State
Electronics Center and is known to be stable with consistent , predictable ,
result s experienced over many process runs. For this estimate , enhance-
ment-type clocked loads were assumed. For the final configuration , deple-
tion loads will also be considered as a possible means to minimize clocking
requirement s and improve speed.

The estimated chip size of 213 mils square is broken down according to func-
tion in Table 52 . To estimate interconnect , the active area is doubled.
Input and output pads plus buffers and scribe line are included in a 2 0 - m u -
wide band around the periphery of the chip. Operating power estimate is
0. 5 watt for a 1—MHz clocking rate.

6. 1. 2. 3 Storage Alternatives -- There are several possible alternatives for
the storage device in en ECAM system. As mentioned , system requirements
such as access time and word (record ) size are important considerations.
Also , CCDs have a potentially limiting shortcoming in the inability to shift
in either direction. For certain systems , a need to shift bidirectionally could
force the use of devices such as the 16K x 1-bit RAM. Th e additiona l requirt--
ment for nonvolatility could make the bubble memory device very attractive .
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Table 52 . ECAM Word Logic LStC Estimated Areaa

Function I Size (mils)

• Word Logic Block , 1000 mu 2 x 10 10, 000

• I/O Switch Matrix , Encode , Decode , Selector , 1, 960
and Adder

• Match RAM , Selector , Registers , and Decode 2 , 980

Subtotal 14 , 940

• Double for Interconnects x 2

Total 29 , 880

a Chip size 173 mils square. Include pads and buffers
(20 mils / side), Total chip size 213 mils square.

The basic ECAM architecture can accommodate any of these storage devices
with minor changes in the control unit , signal distribution , and in the word
logic control function. Each of the three types of storage elements con-
sidered for implementation in ECAM (i. e . ,  CCDs , magnetic bubbles , and
semiconductor RAMs ) has certain unique features to offer the system. *

These features are summarized in Table 53.

Table 53, Storage Device Alternatives

Parameter Characteristic

_ _ _ _ _ _ _ _ _ _ _ _ _ _  
CCD I Bubble I RAM

Addressing mode Serial Serial Random
Data retention Dynamic/volatile Static/non- Dynamic!

volatile volatile
Shift capability Unidirectional Bidirectional Bidirectional
Transfer rate 2 to 10 MHz 100 kHz 2 to 4 MHz
Chip capacity 64K bits 256K bits 16K bits
( 1976) *

Power required for 16 to 20 watts 9 watts 45 to 50 watt s
1 x 106 bits
Chip size 201 x 219 mils (See Note) 145 to 235 mils

‘;ote: The bubble device is a pilot production device manufactured by TI
in a dip package containing sixteen 16K-bit bubble device chips.

267



This range of access time and s ize/weight /power/densi ty  considerations is
certain to expand even more as the CCD and bubble technologies continue to
mature .

6. 1. 3 Storage Buffer Board (Memory Unit Signal
— Distribution Band A)

The second board type in the Memory Unit cabinet is the storage buffer
board (SBB) (Fi gure 125). The SBB serves as a control signal buffer for
eight storage boards and contains the fourth , fift h , and sixth levels of the
CCL tree which does memory match resolution and responder counting.

Altogether , the SBB requires approximately 175 1/0 pins and has approximate-
ly 50 TTL ICs. Data I/O is single-ended tn -state , bot h upstream to the
storage boards and downstream to the cabinet buffer  board (CBB) . All other
signals are TTL-compatible . The board will dissipate approximately 4 watts

F of 5-volt power.

6 . 1. 4 Cabinet Buffer Board (Memory  Unit Signal
Distribution Board B)

The CBB is the third board type in the Memory Unit cabinet . It has upstream
I / O  and control connections to the four SBBs and connects downstream to a
counterpart buffer board in the Control Unit. Th? CBB converts differential
signals going to and from the 1\-Iemory Unit cabinet to single-ended signals
within the cabinet. It also contains the seventh and eighth levels of the CGL
tree.

The CBB will require approximately 200 I /O pins , will use 45 ~o 50 ICs , and
will dissipate approximately 4 watts of 5-volt power. A functional block
diagram of the CBB is shown in Figure 126 ,

6. 1. 5 Test Interface Board

The test interface board is currently defi n ed on ly to the extent that it exists
as a spare board slot and could contain simple ex ercisor logi c or possibl y
the interface logic to a more sophisticated tester.  Issues of ECAM system
test and diagnostics are covered in Section 6 . 4 ,
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6. 2 CONTROL UNIT CABINET

The Control Unit cabinet will contain the following functional units: -

• Host (6080) interface subunit , including the DMA port for
F fast I/O.

• Master control processor - currently baselined as a PDP-1l/45,
but the newly developed Honeywell Level 6 minicomputer system
is also a candidate.

• Slave control processing unit :

- Slave control processor
- Storage controller
- Fast I/ O controller
- Data/instruction buffers
- Iteration controller

• Cabinet buffer  logic - containing CCL network and line drivers!
line receivers,

• Control panel interface logic paddle board.

An artist’s conceptual drawing of the Control Unit cabinet is shown in Figure
127; a detailed dimension drawing is shown in Figur e 128. The Control U nit
cabinet will be basically the same design as the Memory Unit cabinet from a
mechanical packaging and cooling point of view. Power supplies and power
distribution will be the same as in the Memory Unit cabinet also. The card
cages and card sizes will be the same (e. g . ,  12-inch x 16-inch circuit cards)
with the exception that the cards will be of the dip socket/wire-wrap inter-
connect variety as opposed to the more specialized printed-circuit board
which will be used for the Memory Unit storage board. Also, the ca rd ca ges
will be 19-inches wide in the Control Unit as opposed to 23 inches in the
Memory Unit.

Board assignment for the Control Unit card cages is shown in Figure 129.
Maximum board complement will be twenty-six 12-inch x 16-inch boards as
follows:

• Control Unit cabinet signal distribution boards 8
• Master signal distribution board I
• Host interface 2

• Slave control processor 2
• Storage controller 1
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Figure 127 . Control Unit Cabinet
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• Fast I/O controller 1
• Data (instruction buffers 1
• Iteration controller 1
• Control panel interconnect paddle board 1

Subtotal 18

Additional card slots will be available for :

• Memory Unit board test 1
• Spare 7

Total 26

Each of the cabinet signal distribution (CSD) boards will be capable of driving
two Memory Unit cabinets (20 million bytes). Expansion to a 160-million
byte system will require seven additional CSD boards. A functional block
diagram of the CSD board is shown in Figure 130.

The CSD boards will be driven by the master signal distribution (MSD) board
which will constitute the last three levels of the CGL tree (levels 10, 11, 12).
The MSD board is essentially the base of the signal distribution system which
ultimately fans out through the CSD boards in the Control Unit and the CBBs
and SEBs within each Memory Unit cabinet. A functional block diagram of
the MSD board is shown in Flgure 131.

The other boards in the control unit are partitioned so as to preserve the
functional autonomy of the system and provide for unit functional testing.
Functional modularity also minimizes the redesign necessary when system
requirements force other changes such as:

• Different host machine
• Different master control processor

• Different storage media

Total power dissipated in the two Control Unit card cages will be approxi-
mately 250 watts with a complete board complement. The master control

• processor will consume an additional 250 watts. Power supply efficiency of
50 percent will cause a requirement for 1 kilowatt of 115-volt , 60-cycle input
power to the Control Unit cabinet.
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6.3 PERIPHERAL CABINET

The Peripheral cabinet will contain standard peripherals and peripheral
controllers associated with the master control processor (PDP-l1/45) .
Three configurations for the ECAM system have been outlined as being neces-
sary to allow development of a system for SAC WAR DANS :

• A software development system to be located at the Software
Subcontractor l s facilities.

• A hardware development system to be retained at the
Contractor ’s Aerospace Division.

• A deliverable system to be delivered and connected to the
6080 system at SAC.

Each of these systems will have a slightly different complement of peripher-
als which is based on the nature of system usage. The three system con-
figurations are shown in Figures 132 , 133, and 134. A detailed dimension
drawing of a typical Peripheral cabinet is shown in Figure 135. Table 54
lists the hardware complement for the three systems as currently envisioned.

6 .4  TEST METHODOLOGY AND EQUIPMENT

Before discussing test equipment hardware, we must first consider test and
repair philosophy and the eventual ECAM system environment. It is neces-
sary to determine and address requirements such as:

• System On-line Requirement s - Can downtime for mainte-
nance and repair be tolerated? How does the system degrade -
gracefully or not so gracefully? Determination of actua l
(real) requirements for system “up” time and mean time be-
tween failure (MTBF) is important in order to determine the
need for hardware redundancy and the extent of self-test
capability. Unnecessary hardware for the purpose of in-
creasing reliability raises the cost of the total system and
should be avoided , but omitting necessary hardware to save
money is much more serious because it can cause the system
to fall short of performance expectations. The determination
of what hardware is necessary and what is unnecessary is , to
a large extent, determined by the function being performed by
the system.

• System Repair Requirements - Who will do it , where will it be
done , and how long can it take ? These are questions relating to
spare part s inventory, on-site test equipment , personnel, allow-
able mean time to repair (MTTR), the nature of line-replaceable
units (LRUe) on-site, scheduling of maintenance and the propor-
tion of it which Is on—line, off-line, etc.
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Table 54. ECA M Minicomputer and Peripheral Requ irements

____________ 

Quantity Required 
____________

Delivered Software Aerospace
[tern Subcontractor Divisionys em SDF SDF/Test(64 K) (64 K) (32K )

\ [airi Fr ame:
1. PD P - l 1/45  FS; includes the following : 1 1 1

a) Power fail/recovery
b) 32K core memory with parity

( 98 0— nsec cycle)
c) Memory interleave
d) Cabi net
e) 30 cha racters /sec KSR device

and interface
f )  Uardware memory management

2. 32K core m e m o r y ( \ I F - 1 I U R )  1 1
( ‘ .vi~h pari ty )

3. Pro grammable RTC (KW- 11P ) 1 1 1

4. Bootstrap (BM 873— ’~A) 1 1 1

Peripherals / Accessories:
1. Ca rd reader ( C R - i l ) ;  300 cards! a 1 1

m m .

2. KB/display (VT-52— A A ) ;  24 lines . 1 1 1
80 columns

3. Line printer (LV-11BA) ; 500 LPM 1 1 1

4. Mag tape unit (TMA- 11EA) with TU1O 1 1 1
transport ; 45 in/sec.  , 800 bpi

5. Cartridge disk (RK- 11DE) :  includes _ _ _ a 1 1
cabi net , controller . 1 drive ; 19M bits

6. Expansion box (BA-IlK) 1 1 1

7 . Peripheral mounting panel (DD- 11M 1 1 1

~of~ware:
1. Comprehensive software- package 1 1 1

(RSX- 1IM) ;  supports the above
configurations

a \ot required based on the assumptions that the delivered system
wol l not be used as an SDF.
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• System Failure Modes - Thi s is simply a question of assigning
responsibility for detecting failures and determining what
should be done when one is detected. For example , power
failure can be detected by the system or by an operator or both.
If the system detects a power failure, it can not ify the operator
by some means while holding on with a backup system, or it
can simply crash and let him figure it out . Usually, it is
necessary to be able to have a rollback point to return to or be
able to save critical data before power is lost completely, or
both.

Thi s study has not included a rigorous analysis of reliability requirements,
but tha t which has been done allows us to prescribe the following baseline set
of requirements for the hardware which can at least serve as a departure
point for more in depth tradeoffs :

• System uptime should exceed 99 percent (23. 75 hours per day) .

• MTTR should be less than or equal to 5 minutes.

• Total sustained system failure is not acceptable.

• System hardware and sof tware must provide assurance that
there will be no loss of data in the event of failure.

These requirement s dictate certain requirements for test and maintenance
hardware: built-in and off-line . As such , the following capability will be
provided at a minimum :

• On-line self-test and diagnostic software will be executed by
the master control processor (MCP), in a background mode.
The 6080 host will also execut e background mode T&D soft-
ware to verif y the functional integrity of the master control
processor and the host/MCP , I/O link.

• All tests involving the ECAM array will be conducted by the
MCP. Illness in the MC? will imply a sick ECAM , with the
possible exception that the host can force a system “dum p~

t
over the Fast I/O , DMA channel to its own memory.

• There will be no redundancy in the Control Unit. The assum p-
tion being that spare parts will be available on-site and that ,
in an operational mode , the LRUs are boards and replaceable
modules which can be isolated and changed in 5 minutes or less.
(This assumption is perhaps somewhat unrealistic, but then , so
too also might be the requirement for 99 percent up-time. )
Further , the system will be designed so as to allow removal
and replacement of boards while the system is powered-up. An
exception to this may be in the MCP commercial minicomputer
which will have a separate power supply.
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• The signal distributior~ system will be nonredundant. Spare
cable sets for intercabinet interconnect and possibly even
spare cabling harnesses for inside the Control Unit and
Memory Unit cabinets will need to be available. This approach
to minimizing repair time implies a modularity of wire har-
nesses and therefore additional connections and connectors
which increase system cost. However , the alternative to
rapid repair is full-up, standby redundancy which can auto-
matically be switched in when failures occur . It is not obvious ,
at this point, that this type of failsafe hardware is required.

• The ECAM array is, by its very nature, fault-tolerant and
redundant. Bad or faulty words can be isolated and blocked
from participation in array activity. Memory words which go
bad after having had information stored in them can be isolated
and a backup copy retrived from disk or tape and restored to
another word. The assumption is tha t a nonvolatile backup
system e,d.sts on-line and that all ECAM data are redundantly
stored by either the MC? or the 6080 host. The MC? will have
the capability to isolate blocks of words and relocate the con-
tents to, in essence, creat e a hole in the ECAM array on which
T&D operations can be performed. Fault4? words found within
a block being tested will have a dedicated ‘fault ” flip/flop set
which will block the word from further system activity. Fault
counts and absolute address locations wiU be accomplished by
copying the Fault flip-flops into the respective Match flip-flops
and doing match counts , etc. Recordkeeping will be the re-
sponsibility of the MCP. Replacement of Memory Unit boards
will require relocation of all information on the board by the
Control Unit and disabling the board by either setting all Fault
flip-flops, or alternatively a board Fault flip-flop. In either
event , the MCP will notify the operator when a board can be
removed. Such removal and replacement of Memory Unit
boards will not interrupt normal system operation.

• The Memory Unit cabinet will have a board slot allocated for
test capability. The functional operation of the test board will
be to serve as a pseudo control unit which will be capable of
exercising a memory board or group of boards in a predeter-
mined sequence. This stand-alone capa bility will allow off -
line testing and maintenance to be don e without the need to tie
up a Control Unit system to do Memory Unit board testing.
Furthermore, it is possible that a direct link to the MCP will
be developed to provide simple diagnostic capability without a
slave control unit.
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• The Control Unit cabinet will have at least one board slot allo-
cated for a memory storage board and possibly two others for
a type A and B Memory Unit buffer board to allow simulation
of a Memory Unit cabinet within the Control Unit cabinet. If
on-sit e repair capability is required, an off-line Control Unit
with this capability should be all that will be required to accom-
modate all phases of system board test and repair.

• A control panel will be associated with the slave control pro-
cessor (SC?) (see Figure 124) and interconnected with the system
via a “paddle-board” technique which uses Card Slot 1 of Card
Cage A in the Control Unit . This control panel will serve as a
manual MC? with limited capability to control the SCP. The
control panel will be detachable and removable and , as such ,
will only be used for factory checkout and field repair. A control
panel will be installed in the off-line Control Unit which is used
for repair and maintenance on-site.

• Additional , nondeliverable , test equipment which will have to
be developed as part of a system development of this size is as
follows:

A. CCD storage device test fixture for evaluation testing (1).

B. Hybrid subunit test fixtures (2 ) .

C. Hybrid unit text fixture (1).

D. Word logic LSIC evaluation test fixtures (2).

E. Board test fixtures - it is assumed that computer-
aided design (CAD) capability will be employed to do
logic simulation, generate wire lists, and do loading
and timing analysis. The logic design files developed
will also be used to create board logic and continuity
tests which will run on General Radio and DITMCO
board testers. These two testers will require one
fixture each to accommodate the ECAM boards.

F. 6080 simulator - This simulator will be a relatively
unsophisticated hardware adapter which will be pin and
function identical to the interface with the host 6080
machine, It is possible that another minicomputer will
be used in conjunction with the simulator to perform
certain 6080 operations and provide for complete func-
tional testing of the host interface logic.
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SECTION 7
PROG RA M PLAN -

7.1 INTRODUCflON

This section describes a recommended fo llow-on course of action and the
Contractor’ s plan for managing that course of action. The recommended
program consists of two phases of activity which culminate in the delivery of
the 10- million-byte ECA M system described in Section 6. Basically , the
system consists of a Control Unit , one 10-million- byte Memory Unit , a com-
plement of Peripheral Unit s, and an Operator ’ s Station. (Refer to Figure 112.)
In addition , a Software Dev elopment Facility (SDF), system test equipment ,
system softwar e, and support software are also elements of the two-phase
development program .

The program plan describes the way that the ECA M development would pro-
ceed if done by the Contractor. As such , it coordinates the activities of three
ent ities: the Contractor ’s Systems and Research Center (S& RC), the Con-
tractor’s Aerospace Division , and art unspecified System Software Sub-
contractor. A detailed schedule and task plan for the S& RC and A erospace
Division activities are provided in Sections 7 . 2 and 7 . 3.

Section 7 . 4 contains a sLu’gested Statement of Work (SOW) for the System
~~~~~ Software Subcontractor. Lt covers only those tasks of the subcontract which

directly affect the hardware. Addit ional , application-oriented tasks will also
be required once a specific application and host are chosen . The Contractor
believes that such tasks would be most efficiently handled under the same
contract , but use of a separate contract and /or contractor is an option that
is available to the Government.

7 .2 SCHEDULE

The proposed ECA M program is, in essence , one 36-month program.
However , it is separated Into two phases because of the unique nature of the
two gross types of activities associated with the program. The schedules for
each phase are described in the following paragraphs.

7.2.1 Phase I Schedule

Phase I of the program involves the definitio n and conceptual design of the
ECAM system. In addition, the development of certain test equipment and
two specific long lead items, the hybrid and WLLC , are also initiated during
Phase I. Those task elements are shown in the Phase I Master Schedule,
Figure 136. Although the Phase I effort embodIes a larger number of tasks,
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only the major tasks are noted in Figure 136. A more detailed schedule
delineating all Phase I tasks would be prepared prior to program go-ahead.
The column on the schedule listing the Task Plan paragraph numbers is in
reference to the Task Plan described in Section 7. 3. 

-

7. 2. 2 Phase II Schedule

Figure 137 is the Master Schedule for Phase II of the ECA M program.
Along with the detail mechanical , electrical, software , and remaining test
equipment designs, the development of the hybrid and WLLC will be com-
pleted under this phase. A maj or procurement activity will be undertaken
to procure parts and equipment for the build and support of the 10-million-
byte ECA M system which will be delivered at the completion of Phase II.

Similar to the Phase I effort , the Phase H tasks shown in Figure 137 are
principal tasks and are representat ive of only a small portion of the total
number of tasks. Prior to program go-ahead , a more detailed Phase II
schedu le will be prepared to afford finer cont ro l and monitoring of the pro-
gram. The column on the schedule listing the Task Plan paragraph numbers
is in r eference to the Task Plan described in Section 7. 3.

7 .3  DETAIL HARDWARE DEVELOPMEN T TASK PLAN

The total set of tasks for the ECA M program is divided into 11 major tasks.
Each major task is further broken down into subtasks , sub- subtasks , etc.

The charts that follow (Figures 138 through 149) show the task plan organi-
zation. Figure 138 shows the overall categorization of the 11 major tasks ;
Figures 139 through 149 describe each of the major tasks in detail.

Following the task charts is a Task Plan describing each of the subtasks in
detail for Tasks 1. 0 (Program Management), 2.0 (System Design), 3.0
(Electrical Design), 4.0 (Mechanical Design, 6. 0 (Support Software) , and
8. 0 (Test). Task 5. 0 will be described in detail in the form of a Statement
of Work to the System Software Subcontractor. Detailed Task Plan sheets
will be prepared for the remaining four major tasks on an as-needed basis.
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1.3.2 Planning and Control . h ero (Con t& n u e d )
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- Prepare/coordinate custoamr/..nage.ent
reports.

- Operation of formal internal cos t/
schedule planning and control system.

- Prepare /main ta in  a program master schedu l

1.4 PROGR AM ACCOUNTING

l. d .l Pro gram A ccounting. S g R C

TIs e Program Accountant shall monitor . anal y t
and repo rt the f inancial status of the p ro gr

a to the Prog r a.  Manager .  Is addit ion , the Program
A ccountant shall prepare accurate  and t i m e l y
cus tomer  f i n a n c i a l  r epor t s .

1 . 4 . 2  Program Ac co untin g. Aero

The Program Accountant shall monitor . anal yt
and report the financial status of t h e pro g r
to the Program Manager .  The p ro gra . b i l l e d
and u nb il led rece lna ble ba lan ti s sha ll be
mon itored to innate manleum co ilecti u n of
monie s due . In addit ion , t hus Program
Accountant shall prepar, accurate and timely
customer f in a nc ia l  report..

I.. ~~ - ll.e~.lll ‘‘‘1.111
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TASK PLAN 
- r a  C l

d l l a t a i c l t i os i . i t t  J , • .
_________ I — — ~ 4ugla s t , lh’

Tat , I i .  O t I S . 01 • l 0 G ~~lu n o n . P 1 1 1 1 5 ’
alt •tsc .IPIina 0c 111011 usiu l hts t iual i a I l I l  Ca l l . Is ‘ c c l  ‘ 5
sail lIS P . lal a l i l a vai l .  ~~alIl

5.: l a n - a n - I t
a 

I C  a r In- ~ I I I II’ - , t a ‘ s c o u r  ‘1.1 , ad c r e s s  s a g
the I c ’ i n - c ; S &  b r i i abl I t’  Fr ,g r r e o  15 1
e iene n tn c v n a l a . t  a l i l a - c I t  i r o g r a r  ii.
accordance c a t 0 , the aprro ae d Na,.-

- b e l i o n a l i t ,  Pred i ctio n and An oi nts
t a r t s  ReI.u i ’ a l a t a  rc g !.i — - n - i_ al_ i
H - r o i l’
I a c a _ a n i  Sr..Ia’ scs

- Ies.;s <rh icc Suppo rt - I a r t a _  p atio n
- 

- lI e Iaa - e ra hle Sof tuar e ~a l i d a t O
. sl a r .arjr Standard I’ ro ;ta r

1. 5 .3 s~~ rta ~ sa~ , l t ta

l . S . 3 . I Na s nt ai na l’ill t a Progran

Is t ah l  i sh a m inimu m , hut adequat r - M P r o p r a r -
P rov ide  a s s i s t a n . e  i s -  the p r e p a n a t  ion ci the
l Is t e n  S p e c i f i c a t i o n s  t r  i nsu re  t h a t  t he
n a l n n a i n u h i l i tl ’ provisions are ade quate 1 ’
(01 m e d

1.5 .1 .2 H a i n t a i n a h l l c t a  Iaes i gn Support

Implement the 45 Program u h icf. ca - defin ed
under lash 1. , 3 . 1 .  P rov ide  a s s I s t a n c e  to
the design ta s k s  to ins ut e that the ECAN
sa ‘ten design pros-ides f or rapid trout- tm -
s50 t an g and replacement of c r i t i c a l  ncr’.
P e r f o r m  t n a d e - o f f  S t u d i e -  as required and
s e l e c t  o p t i m u n  a p p r o a c h e s  to insure tha t the
system maintenance requ iree ents .111 be
ach iened An part of this effort , appro-
priate H design criteria ahalt be formulated
and coordinated ui th the design team

na n0. ,a.,,. . ,,,auna —
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1.6 PROGRAI4 MANAGEMENT

l. A.i Program Management , S~!~
A ssume the overall Program Manag ement leader-
ship role daring Phas e I of the EC .ij4 Progr n a.
Duri ng P hase I I , the scope of Program Manage-
vent activities shall he l imited to the spec s ic
dIO C t a n k s .  .qs a minimum , the Pro g r ut
Ma nagement fun ction shall be respon s ible
for the following:

A . Management of the prograa to assure
per formance against all contractual
requirements,

9 .  Attain program fioat tclal goal, and
,,bjectc nes.

C. Report to SORC Division Mana g ement
as conduct and status of the progra.

D . Def ine , an alyte , and d i s s e e i n a t e
n-stoner contract re quur em en s.

t. Esta b l i sh und m ain ta in a m aster program
sch ed ulf.

F . Provide pro g ram direction to the Technic
D irector , Plann ing and Control , Program
hcc ount l lt g , and Contract Ai n in i stration
funct ions.

l b .  S’rvgrasu Management, hero

A ssume the overall Program Management leader
ship role during Phase I I  of the EC.114 Progr a -

luring Phase I , the scope 0f Program Managee nt

- ~~~~ .aa. - ~~~~~~ — — — — — a
f4.

TA SK PLAN I 1 ‘

d2 a t a  . u at h O .  m a c it .. J a . a I ‘-
_________ I 

—  
B R.. g c l t , . T

t a il II. itI ’ . - , •l t c a l n  I I .. ‘ i ; . I c ’
ale Ols t IIPTis. OF t eFOi n liii ’ iclilij it t v u n i u t  c i i i .. - .c . -
ca lL 1 (51 . l.sutl 1.11(1 .,.tfa

1. 6.2 Program Management, herO (Continued)

activities shall be lclntted to the specific
A ero t a s k s .  As a minimum , the Program Manage
sent functloa shal l  he responsib le for the
followieg : , -

Ps. Management of the p rogram to assure
performance a ga in a r  all contractual
requ ireme n tn.

I. Atta i n progr am financial goals and
object Ives.

C. Report to Ae ro Divi si on Management on
conduct aud s tatus of the program .

0. Def Ine . .nalyie and d i s s emina te  customer
contract requ lrea enc s .

E. Estab lish and main t*in a molter progra m
sc hedu 1~ .

F. Provide p rog ram direct ion to th, Technic
Director . Con fi guration Management .
P lann ing and Control . Progr am Account ing,
I l it ie s , Contract Ad m ini ltr a tion , Procur cml
and Product ion , r ent Equipment , Fie ld
Support , Sy stem De l i ve ry  and Acceptance
functions.

‘lii ... i a. .’ -fl. - - ul i lu — — — —
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1.7 CONTLACT ADNINISTLATIOH

1.7.1 Business A4ainiatratian, SIR C

The lan kness Admi niatrator shall interpret
a ll aspects of the program contract and
dio,eminat. those Interpretations in mppropr Ac
form to the affected de partments. In additi
the fol lowing functions ahall be provided:

A, Condact ii comseinwal matins multi Saft.om
~ihcnassctov f~~ome I snip S and Aeon.

B . Monitor a ll activities to insure that
contractual obligations are being met.

C - Ne oaalo oil coniUnctaonj malleTs mstut Sofuinaim
Saihcontractoo Phi.. S only I and Aeon. laciadinj
funding

0. Initiate the contract re leame to carry
out contracte d work.

E. Review subcontract documents to insure
their compliance with all terms and p

conditions of the primary contract,

F. Assure that the customer baa continuous
and proper esseaam ent of program status ,
.ccoapl iahments . problems and plans.

2 .7 .2 Contract Administration, Aero

The Contract Adm inistrator shall in terpret
a ll espects of the prog ram contract and a

d ia.emiaate those interpretations in appropr te
form to the effected departments. In additi - .

.a. .,.n. hi#flIlI

T A SK P L A N  
- I - 

i

C l l t i , u a t a O .  SUIt ‘ -

— — Psa g t n~~~ _j~~

tan, II. iii SI Pita ’.  i o n .  P115 5 c c
u.n •g scaIPTIll OF C lu a l t no, ’ icaIlsil in su l t  p i l i .
lilt l iS P . ISaICI  l.ii i l lii lii

1. 7 .2 Contract Administration , Aero (Continued)

the following funct ions shall be provided:

A . CoMics all oaeOscna,al ons,manaoi,sna euth
Sofreson Sabcontoanloe i PIsas. II only i and
S&RC

B. Monitor all activities to insure that
contractual ob li gation a are being met.

C. Ne~~uiale all tn.Iustniull tusalueti math Sot ima,,
SaboonU.uioe IPhine IS oisiy hand S&RC. inaludinl
landing

I. Ini t iate the contract re lease to carry
out co nt racted work .

E . Review nub c ontract documents to insure
the i r  compliance w i t h  all terms and
condition s of the primary con t rac t .

F, dosure chat the cu.toa.r san cont Inuous
and proper assess.ent of program statu s ,
acco mp liohements , problems and plans

— . Si. ’’ ‘ ‘  I ‘Casua l
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~~~ 
B ~u1ust , l9,7

ta~~ al, 5uer  II Pl lal a l l I e ,  PI O5I C T
iae l t t d i t P t aB i  l5 guest issue Sta thnil tilaist Pal l , a.t . c e a t u
lad 1 0SF . 14,101 luanla liaa ta

1 .0 SYSTEM DESIGN

- 1 TEuHDi l CII. aIi~ huE’IlhT

~ . l .  1 ,t u tem ent of wo rk

Pr e 0 a r e  tn e lC.’.i’l “ as e I and °hase II S t a t e -
‘ ten ts  af sorb a_ os Th, i a s  ,hall ,erv e
a, the  s n , t r - u n e n t u  .na n -  a e i , n e  t h e ser v ices .
oater ial s , facils t ,e s and equipment to Os
i .srni,hed he lero to y,e :ustoeer a ith in the
ug r e e d-o n ,c’tedu les and reuuareme n t con-
st r a ints . ‘reparation ad the aCks shall be
uoor4a nated citli th e hero ECAM ? rograa
au nag er.

1 .1 .1 ‘u,k P I.un

daw ed an the contractual n e g ot i at li n O ‘itS
the cus tom er , update the Pre ll ni n arv Eng aneer .
ing Task Plan uhich uan prepared prior to cot
tract asard) as  required to reflect the
,tutually agreed an progr am tasku . The aipd atea
plan ,hall he .Iefined as the Final Tush plan
and ,hail acm e as the b ai l s for all aUt’
he-iuen t eogineeran g effort. I t ,hall be up- - -
.iated as required pend sng program chAnges.

TASK PLAN 

— 
~~~~~~~~~~ L__ .,_J_p”- r’ 

a
C neoll aut as. slog , 1”-’ I

______ L I — — _ B bu.uaa n ,,~~~~,

tati 5*. l IP’ . IF P lUlil 5.5.. . P I O s t C T
I., SlICl u P t b O l  OF ipp ea , aliuv sc at i u ct t it u tI t p al l . aa t ,nl h tu
land l isp. 150101 h all , 14.101

2 . 1 . 3  w o r k  Oreakdo nn S t r u c t u r e

Based an the results of th e contractual
negotiations a i t h the c a is t om er , ai p d a te the
Pre lintn arv ~BS ~hcch sin prepared pt ior to
c o n t r a c t  aw ard)  as requ ired to ref lect the
mutually agreed on program effort. The up’
.lated hiS sh a ll be kn ow n as Is, Final naS and
shall Jefi ne the r e s p o n s i b i l i t i e s  and ittag-
nit-ides of all prog rams  t a s k s .  I t  ,ha ll be
updated as required pe nd ing program changes .

L I.4 En g ineerin g Sac lteda le

Ilse Pre l i e inarp Engineering Scheja le ih ich
w a s  prepared praor to .aantr act award) shall
be modified to agree w i t h  the P i n a l  T usk Plan
cheng .a an a result of contractual ne g otiation
n it t s  the cu stomer this s chedule shall be
up dated as required pendin g program chang a s .

2 . 1 0  Desajn R e q u lr e t ee n ts T h e c k  List

U p d a te , as requ ired , th e Design Requirements
che ck List 001_ L I  - .bi a. h nas orig i na lly pre’
pared prior to contract as ar d l to agree w i th
the negotiated c o n t r a c t .  The DRCL sh ill
cove r d Csi g i late , procedural and Jon-men-
taI i o n  r e q u i r e a e e t s  for thi , e f f o r t  a, defined
in Proc edure 1. 1 of the Design Proce dures
‘lanual . rit e DOC k shall be -updated as required
da l ing the course of the progr am to agree
w it h p rogram changes.

—- nl. ’?. i ‘‘111*1
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o _ ut e  ‘ ‘0 : a n o l a : e  t -,v U Oh .vtC S .as

2.2.3 Tenor ,’ ‘‘flit spec if i c ation

2 .2 .5 . 1 ‘Cel. ,a r,irv lU 1’S

c r .,urv a p r e l a l a r u r a  - . e r s i o f l  n- th e
- ‘ i t t  ‘b a a te n Le a n t  ? et a i l  S,e csti citi in

- a a X \ \ \ b f l l  or the ‘tenOn n a t  SlUT In
a _ c o C a  n-ce .s ’.h ~erOsp ac e Jesi gn Procedure

~
- -e ‘IlJ OS s n a I l  be an harmon y .ito

rs’ efl t i - p e c a t :CJ a n tte iver all
S. ‘to n r’e c a ._ ut:J fl I’S r . the

~e - a ~ ’l ro - a t u r f l e ,  is a ct n e-i . ‘, Lu s h  2 - 2 4 .
-ri tne ,.s Ce’, an - ta n — a l  Th fl f:E-l r i ti o n 15

an liii - -  , - ~~. L’,a,. ‘IU IS ah a l l  on
,— auteJ us required to re El ect the latest

T A S K  P L A N  r .tI ti

COa t al aat loe n a t t y  ~~~~~~~~~~

— 
I August , IA ’

n s a  a,. l iPt , II Pilt ia l 5.l,~ . PS OUIC t
i.e Ol Ita IPtios IC Opp la t SIO uP SCetlO Lt tL lsll t Pail . a at anl it n
lash l isp . sam oa lasso. Isa lil

2 .2 .3. 1 Prelin i na m p ‘IS OS )continuedl

s,- ,tem requi rements. ‘he ‘40 OS ulsall
iocorpora te the detail requirements for
the following major MU su bfunc t i000a

1. ‘Beaory Soard
1 , 1 lybr ida

1 .1.1 Memor Y Element
1. 1.2  lord Logic J,SIC

2. MU Poser System
3.  MU Signal Distribution Syntem

The level of d e t a i l  i n f o r m a t i o n  is the
MU OS is limited to that necessary for
adequate ly  d e f i ning the Memory Oua rd
requirements. Detail Procurementl Devetop-
nen t Specifications for the asterisked
componento a r e  to be prepared under
Task 3 .2.

Pr epare the boiler plate for the Part I I
‘Soste e Les-el” Detail Specification
:05 ILXX .tXX I ) for the MU in accordsnce with
e r ospa C e Die i siO Tu Design procedure 2 ,1 .

De t a i l s  for the above functional entities
will be furnished under the Task 0 .0 detail
design effort.

2.2 .3 .2 Fina l MU OS

Update and f i n a l i t e  the MU OS which w as
prepared under Task 2 .2 .3,1 .

i•, li. Ii ~ laI MiOll101 — — —
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ncflt 5 .

- r o v aj e MC . ‘ a p a - c r t  to t r y  r e :  flit an 0! I.e
.r t a u l  oce aa: , c a l , o r s s ,i~ 

-

.ini 2 .2 .3 .

‘n- v a le  f u l u l a n e s  o r ‘re e lec t ra:uI ,lecnani.a .

~‘Ia: c n - s f n  t o r  -i r e p r a t . rn tIn Th e e r a a n
. r : ,anirul  vs ii Ia,w 1.1. 1 . The S a u d net  rI
tur n are t o  -e f-a L I  ,wed .n the ,e 1cc, aon of
cofi ponen ts iou an Cnn e r a s .  e I e T h r a c a l .
nechanical ie siHn C o a t s .

l a s a c c o l  a l i a S  y l e c t r a c a l  100 “ e cuini c i l
J ea.g fl C i S t S  IS rv u u i r v i  Ca en ,are ,ncTh~-, a t a n n  Of  I .v USC fe atu res  .nscn are required
to  hen vquipm .nr and :51 requirements,
ncl.ard are the -ro,,er anr erfa c e ‘eec i f i ca t a c .

,a r  t n  iFI f a l t ers - a s s .  m u  cab le ‘C  u o s l a r . S
: e a a  ;n , e c t e r n a l  ar .tert ac e de s  i n ,  and .0— en
a o o a .nj l n- .5 n  : 1 _ t a r s .

Sevaes the i e s a f ns :1 ill en-Or t a r n a t n e d
e aa a sn.rnt s :or c a n t a r a S t a  t O ’’r y -IC req- a i re-
rents

: - 
a I r tn-se n-a .m, s”o fl t S not n e ytn n ~

The ,-II, r n a u , T h n e r . I ’ a . ~e a  re The ~eJns :J r
s - - e n! .,,e ,a.r _ f , jaa a,,;na ‘ r y a n - ,n t , .

TASK PLAN I I ‘ ‘. , rc
C i I l , i m l t a i a  ia lt t  ‘. ..ua, .. IS’’’ F ‘‘~~

‘ ‘ ‘ -
~~~

‘

_________ I I — — B 4ugust . 1971

TIl l na . i t P t . II P10 411. 5 ,0,5 , P la t lcr
ii, nlsc a l P ylo. IC lFCls3 i a l o n  icstlIIit (5155 .1  PhIl , Imli ll a lt
last l IS P , h ash h ash s t i l t s

2 .2.7 Human Pa ctor s

Human Pactor engiseer ang shall be performed
on the system design to guarantee that there
are  coo operational safety hazards to humans ,
In  this tank , the sys tlm operator interfaces
shall be reviewed and analy ted to : I) insure
simplicity of human operation I and 2) obtain
optimu m interactive layout to achieve the
most Convenient operation wh,le minl ai cing
probability of operator error,

2 .2 .0 SuppOrt to Design 1. Build and Test

Provide support and coordination tn the
e lec t r i ca l  and mechanical effort dtirlng thl
desi gn , build and test activities . This
support effort is to Cover  all a c t i v i t l a n
relatin g to specifications , print releases .
test procedures, and sys t v a
bu ild , checkout , asd test , This task shall
provid • th e effort necessary  to resolve any
conflicts between the syu tea spec ification
requirements and the actual design , build ,
and test activities.

2 .  3 Srl’P1O? 11 :- .r’da~~ STSC’ IITKA1i’OR

2.0.1 Simulat ion Desiin Supiort

Provide support during the
fu nc ti omal simulation design and implla.m’
ta t ion effort under Task 0.2 .1 . Prov ide
CU and lii t.c,~~ ic*L d sta ils to I sformetics
as required .

— , 
‘5 ’ ’’ ‘i  ‘‘‘hails
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TASK PLAN I ‘ ‘
tts t , i u a l a o l  il(tl !“‘ .1 ._L__ —  ....._.J ._._~

_ ’ ” ’  ~og
’
.u5 ’

t ail ma, u P ’ .1 Pa t S u m .  5 1 n P13,54’
mel $t itil ’taah IT IlF157 ilia ’ lC h (ltuI l s i . l l ’ P i h i i.’.i’ ’,
h a t  lii , . .,fli n 5 .15 55 I ,i hil

2 . 3 . 2  Sim ul a tion P r e a s a n a n a r ,  Afla s - ‘a

Pr o vi d e support during the
pre ltrsin ar - r performance and c o n f i g u r a t i o n
a na l a - .i o e :f a r t  ur rdet Ta ri 1 2 . 1 -

3. ‘am -u l a ts Oh I anal Ira I i r a
Pro s a ic support u-a rifl c tsr
C a n a l performance m u  .oS:’ a g a r a t  ion
a n a l a s a n  e ff or t under T ank

2 . 3 an-UT ’: P412111Th

a S . i a i , r a . a h c l r _ - t ,:

te1a re a s ,STe C lo c k lain-ale. aar ls n e a ts nc th e
vara c us a r . t r n f a _ e :  n-n’ t a r  Ja jgrjr , el
Icr” t r a j e n t t  ana l - a c - c t  d a f f c r e - r  t ic s  to
p a r t a t s ot the a a s l e t  ant s m a - c  t una ‘ r . a n o t
hu a ld in g U a c k ,  The i n t e r i a a , e  cnr.1 l e s . t i e s  a
and resul tin g performance at tt lb a .res are to
h e considered in the anal , ses. Iron the
analyses , selec t the optn mu e Sn-ten part ition
‘a sed an tnt be,t a o ” n - re r  se o I U” c o n ’
lot risk , r,, gt p r o I c r lr a nc e , Si g h r e , a a t - a l a t . .
and ea se of m a i n t e n a n c e

TASK PLAN ~1___~ ,l ’ ’ ’”’  .

to. ’ ..u t ,za i.ctt ‘. ‘‘ ‘ ‘  - .  4 - - r

t a il hi . ii’ 1 P h , l m .  S S n ‘la _ It’
Ian O l S t l l P T a O l  OF (F rill a n , ,  • i c P t i ,5t 1.1.5.
h i t  C Li P . s _ m i l l  1 . I f l I  I , . I , i

l b  r I e l . S k T a i h t ~

2 5 . 1 .o nse; t  In, a g s  kea a e .

enf Ut a or. of the  a,r a e r a  1 1 SI St Pt .
and ‘t.. ,an o a C oncep t Des sgr, ken Sec till be
held to assure th a t  the proposed dvn -gn ha,
a intO p r n h a b i l a t :  of meeting the svs,er
re.,.,aeerr err: ‘ 1

~ , . res~~
u , , s s 1 l  by se nd. ,t t e l

a.; , IC  t S r  he f t ’  Of d e t a i l  d e a a g ’
I a n  Irs .e .  Sr. a l , h-c 5 e t f s r e r d  a- de fane, : i-
Ae a O s 5 a a r  1. a i s i o r len -fr ro :eccre Se 5 . 1

2 4 2 P n e l i n i n a r a  l ,ca ~~g~ ,,_nna  e m

A Pr e t a r ,r:i ’ - ,:y. ,gr n e a a e . a I I  ‘ p h e l d  a n
a ..c r a a n a e  m a t ’  t ’ .- p t c .a a ” na r te , ,c ’e l, . lr
‘, a d e t e t t ,’rr t’r ar r ’.e t e a . , , ‘m et,’ Ot t v
. a e r a l i  5,51cc - Ca, , a n d  aI [- ~~ s ore b e a n g  met.
I t r  t e a a p m s a  I I  he p e t l e r m e l  as de!, ne l P
Se: - c ; a, P l a n  is s o t  - e’ , gr i t  eye d _ r r 5- . C I -

1 - I .1 .C . ,a - l-!,U_ I~~~~
es

a t , t a .a i ‘e .g. h e n a e s a. be ~- r d  I r
ac a :taan ,e s a t ,  ‘ ‘ .~ r ’  - g r i n  m a c I c r  s c a , cua l r

I IC th e fC On - a . t p a e a . e , t  a’ Is an-
na, e , .4  1 p uT a,’ a,r c tan r ‘ to nsa In t ’ a t  a I -
,,st’ r ar.J a u t ’ s n  s t e p ’  a t -  . g ’  re_ , . -
ra n t I-c e’ me ’, I’m t e s , e m n- II c p e , t a , ’ ” r aj - n t . , -  ed “I O C ’ . ,; S . C  ‘ h u n t
l r , . ..nrr S . I
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lUST PL.S.S S I 4EQUIRE’ I l_ ’nTS

2 . 0 . 1  T e s t  Eguipmen t  Specifica tions

C r e a t e  Inc .p ecifn-at ions necessar y to define
the equipment required to test and evaluate

a t ’re .aste m to determine taut it run-I s ans  to
the ry5 uir eme n t s of t Ie Sys tem a p e c i f a c a t  .ans
2”.ese specifications S h i l l  b e .r a t t e n  in

• s-500rSanc. with standard aerospace procedures

2 , n . 2  In tegration and lest Plans

Create the plans necessar y to test the in’
d a . a  Ical subs y stem units rid to ante grite

a a nd test these units forming tr.e fin a l sy stem
~-u nfi gura tian . These plans .hall be — r i t t e n
as defined he terospace d ivision designa Procedure 50, S.D.

I.o .U rest P r o c e d u r e s

Peepsee System and Subsystem lest Procedures
to evalaate the functions of tsp sn -ten to
determine that i t  f u n c t i o n s  as r e q u i red  be
1St S y s t e m  Specif ica tions. Ibe procedures
.4311 be as defined be Ser ospa ce Di v i s i o n
1essgts Itousdaute ‘Se, 5.5 . lIsts tank shalt
include The preparation -of  b o t h  p i e - a c c e p t a n t
and final ucceptanc e test pro ceduoe s ,

2 . 0 . 4 rest Sof,.are 4equi rcments

Jet ane 1_ ne requirements necessary for the
tes t software to enaluate the operat i on of
the system and subsystem cosponents. h e
specifi c a tion for thus software shall n- is

_________ 

qe~ Sero anpace 0 on De sig p 
~

TASK PLAN 
I
j

. m ~~~~ .._.u 

~~~~~~~ 
‘,-r ri

Ci h lI h ai t IO. s.ur ‘‘i I ‘ ‘ ‘ ‘ ‘‘ ‘
_________ I — _ l ~~~~~~~~~~~~

lash hi. l IFT , O h e e i t l ma 5 . 0 . s , Pl a i t t y
las l (nCl iP t I i a IF lFFhl i mlii. iCa lIlil (L Iat mI P l h a , a.’.ua : ‘p

h alt l ISP, l im Its s iahl l  h m a h t l

3.0 ELECTRICAL DESIGN

3.1 CONTROL Dell’

3 . 1 . 1  Host I~ t er facm

3.1.1.1 ‘font Interface Circuit/Logic Design

In accordance wi th  the Cit OS (Host Interface
section) and the De sign Groundru les , perfo rm
the Heat Interface detai l  logic and circuit
desi gns; prepare sche m atics/logic diagram s.
generate intel m d  inter board interconne c t
wire l ist m , provide drafting coo rdinati oa,
review draft in t generated docu .entat ion ,
prepare detail tent procedures , prepare brief
discourses on theory of operation , and nappor
the software deVSlOpm.nt activity in definin g
diagnostic reuqire.ents . Prepare the det a il
Ho s t Interf ace sectioD fo r the Part I I  CU OS
prepa red under Tas k 2 . 2 . 2 .

3.1.1.0 Hoot Int .rflcm Simulation

P rovide computer nI.ulatiom nupport to
Task 3.1.5.1. The simulation shall be uned
in the formsll atlOa and verif i cat Ion s of the
Host tng er fa cm logic structure . operatio m arid
algorithms .

3.1.2 Wa nt s ? Contfal.
Th. ~~ster Centra l coas ia tn of the ~~hte,Control ProcessaT (IICP) and tlsis Pie.orV (*) .
Under t ilLs (ask , t he detail electrical inter’
faces (c imia$ , lavel a , pin ass ign.aemt , etc. )
shall be defined and docuaem ted for the ICP

pig a. required to aa atat im tHo c~~~let is
of other decsLl fuact iomm i d.stgme.

lh fl , ,e..,,S ‘Seams —
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ill I(ItI,Ptil s SI (Ilist S a t , • ltallu i i iiI .I• ’ P i h a .  a.lm c a ,  ‘,
hai l iii , li lil 1, 1 5 ( 5  iw l S l l

3 .1. 3 S U a ve C e m t r r l l e r

‘.1.3 .1 51st , Con t r o l l e r  C i r c u i t  ‘ L o g a a  les ign

The Siaae Ce n t t m le r c o n s i s t s  ml basic
con trol logi~ pl us a semiconductor micro’
proura n. memor y In acCordan c e w i t h , the

PS Slave Controller se ct i on ’ and the
Design Grou ridriiles , perform the Slave
Controller detail logic . Circuit and
f s r m n a r e  d e s i g n s , p r e p a r e  s c h e .a t  i t s .  logic

$ d iagram . and mi,,roa,ode, gen erate inns and
inn : ‘,atd i fl he r,an fl e.c t ‘ a t  a- I ,. ; ‘ I L . . d e
d rat’ an~ co c r d a v a r a on . r e v i e w  d r a f t a n ~g e n e r a t e d  4 C c  u,e’ ’.aI On - r rep are d e l i :  I te ’I
Pt ., rJ ,a t t s  - pIt ’ al e S t  a t  J i a c o u  ner o’
t hrfl ra CI ,are r a t a -.n Sec n u p p e r t  the ‘ o t n a t e
d eae la ip n ent a Llis . t -  hr. J e t  a s .v~ .lia gno. ha .
requirements. Prepare the d e T a a l  S l a a e  ,
t r u l l e r  section for the Part 1 1  CU DS pre-
pared u0der Task 2. 2

3 , 1 . 3,1 Slave Controller S i e a , O t a , ’v

Provide compu ter sims . lion support to
Tank 3. 1, 3.1. The si n,.atnl’i shall be csCd
in the fo rmulation and v e r a f , c a t i o n  of the
Sl aie Co n t r o l l e r  logic s t r u c t u r e . opera ti o n
a n d  a l g o r at he n -

C l h T i55 ~ t i Ia ihllt F’ ‘ i”’ 
~~
‘‘ 

,~~~ •..,,,,,

t aos a.. liP’ . 05 Ch al l Is 5 . 0 , 1 .  PlO ahi t
151 I l l ts i Pt i l s II l FP l5 t  llllP lChhI ~ Lh ( L as t . ’  Pa l S , a a t a i h , t ,
hi l l liar , sush I 5aafll sa sa l a

- a Sup r er t Ti Cl - a r . , .  t beat : - r a  -

Iro n - d c e i e s t a a . a  de - ’ gtr . u 0 c ? t  Ii’ t r a p’
g e n e r a l  c a s t r o -c  . at , a:. - an a , - ., -~~~~ ,- in . t a o
prt5 r .s un ap t m ’ s  a L t  i i e . t r a , a l
requirements relating to p o w e r - g r n u n d  d i s t i l  -
bu tion , signal distribution , p ower , et c . sh a l
be defined under this task

‘ 1 .5  ‘ en~~ — I’S., ’

In accordance ~ il~’ t h e  C~’ Pt ~, a r t e y l  P a n e l
seCt h a .  and I’ , ,‘v - .~~’ .5 ., .ies i t
torn the Lost a a, I jane a l e t  S a l  a . , an4
., t s u i t  de n -gn ’ - r :rrare .,‘r em a t . ‘ S o f i a
diagrems , generate ant Is 1n aster hon-i
inter n onn e c t wire l i s t s , provide drafting
coordina tion , er a i n s d r a f t i n g  generate d
docum entation , prep are de t a i l  test pnl ~s eJ~~re a
a n.I prepare a brief iSis ,ecrsr or r e  the n: ,
of opera ti on, Prepare the d e r a i l  m m c l
Panel sectuer foe the ra il ii  a: I s  prepared
u nder tas k 2.1 . 2 .

— Sa.,,,e. Si,al,ss
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Pail ~, liFt . is Plelalm 1,1.1, Phid liT
a., •tItsIPTIem C, iFilaT 51155 ICl(iStE titata P FIll. aeralg ine

C allS 51SF , hssaI i h alls asehga

‘4EMORY UNIT

3 .2 .1 cord Logic USIC chip ~~ee1opment

0 2 1.1 WL LC De rail hpe~ i fica t iois

Prepare a Par t  I ‘Device Un-el” detail Spec o’
ficatiun -OS 30\tXX XX ) for the lord Lotic
LSIC Chip ~LLC I - the requirements stipulate
,n t n c  mu js in- the cord Lo g ic f u n c t i o n  s h a l
be in corporated is tIl e eL LC US.

5.2 .1 .2 CLLiU Design ‘iroundrailes

Define and document the standard cell library
and des ign groundriules to he -obs eroed so the
de t ail desi gn of Oft . WI.LC.

3.2.L,b Wt,LC Logic Desi gn

Eased on the WLLC IfS and the WLLC Oesltn
Croussdrul.o , perform ift O WLLC dn tatl log ic
D esign . prep lr , sch em a tcc sllo g i C .iiagraas ,
generate interconnect informati on , provide
drafting coordination , review drafting
generated documentation (schematics), prepare
detail test procedurei , prepare brief it s .
courses on theory of operation. SOT!: thi s
tus k shalt be interactive aitf s t ask 5 ,1 . 1,4
~rsd the detai l  design sha l t  be defined us
being coep le te after th, simulation process
indicates that all functional req ui re em rst o of
t he WLLC are set.

.~~ —. ~~..Imaa S 1,IlSnl

TASK PLAN [ L._. I ~cae rlseaeli s leggy il.,. f
-..m....h .c ,.ra .s..sa.. ....s.

_________ I I I — — 8 
_________

till ma, htPt . 05 Pnhlli s n.s.a. Pnef i It
Is. hIlgIaPtiim IF gUilT ages , lca(e,Lt g LUIer Paaa . aet hc a i n ,
5115 lisP. 5a h515 Ism ats sl mhlh

3.2. 1 . 4 WLLC Simulation

Jsing the HISIM s o s t ea  o r equivalent , simula t
the WLLC to insure that all functional re’
quireient, are net ,  The s imula t ion  pr oi,ess
shall check and verify all of the chip lo1ic
and timing functions, The effort under this
task shall be interactive auth rhe det hti
design activity under Task 5 ,2 , 1,3 ,

3 2 - 1 . 5 O LLC Layout

Using an interactive graphics n-stem (Compute
S un i on , h a Ima , etc - I , perform the lord Lo gic
t Ip  lan-ut. the generated com pos i te chech
l aIn  ‘ - a l l  Ce ana lv :eii for error, and

.orree ted “ared on the ,ch CClti Cs generated
under task 3~ 2, 1 .3.

~~~~~~~~~~~~~~~~~ a , — — — —
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till II, liP’ 05 Plia.i . 5 a 5.  P o 3 .~~;’
a., •gats Ip t il a I, irr eet Llo~ F sta isti l ( 5 1 1 1  l ’ eia . . •,‘~~cm

lIst l I SP . s.ISi l s ,n5(n n .l Sua

I l l S  s 1Ua La ’oit Cvn t ’ d i

I ron t ina li :in g the la ’Oii t , the chip Iaho at
information shall be tranrfe - re d to m agnetic
tape in a format cortpo tio.e w i t h  the mask
generation equipment-

a I l  .b S LLC slash Generatio n .

Through the use or Llectnon ,ask equipment and
using the magnetic tape containing the kLLC
chip Lan-ut in fornaat ior , Tan k 3 .2,5 .1:
generate lOb chrome or g l asa em alsi en ma sk
ea s t e r n  f o r  the ILLs cv , p

- ‘ Pro v en - lILa Tent Cl~~~ a

.‘ a i n g  Ire 105 mark n a s tera pros a d e d  un -er Tat
3.2. 1 P . p rocess a mini mu m of is) ‘l..C c b s : s .

a Pertorn a functional prol’ e and t e n t  of ICe
chips no ne riis that the c h i p s  meet all 01
the function al requirements as defined in the
55LLC Detail Specification (11 5 3 4\t XhXh: A l l
chip design error , or discrepancies shall )ap m
no ted and document ed and n ’h a ll s c r a m  a, the
D a r n s  for the c o r r e c t i a e  d e s i g n  actn-n’
un d e r  Ta ,s  3 ,2 . 1 . 5

5 . 2 ,  1 .8  aLL, C y rr e cti s e La na ajfl

n-,ea 0’ tti r e r r o r s  and d i s cr epan ~ he ’ no ted
ar .Ja ’ r  Ta.k 3 . 2  1 ‘ , rod a t  - t ’ .e w , L a a’

correct .arn U b a .  as ’s - ‘ a l l  a r
c l u ~~ re’ s i m u l s z s o v  una rm 15 .0cr c i te

as re4 uared TSr 5 ’,,, DC and one’
J c , a - , s t a t i o n  r r’~ d a d  u nder la s i 3 1 1 3

I s- c amrd .i t ,’J a. t e a , : :n J  ba - a -a on t’ ,

TASK PLAN L i .~iir~ F~ ( eac:

351(1 l•.ri ~ .‘“ , J ~’’’’’~Tail .e, ,i~ t . ss eSI sla a 5 . 5 . 5 .  FlIjIlt
LIE •(l{51P7115 IF tUeIl shale OtI tElk i (LIIII ’ Pal l , alt .Ol a tr
mac h g,~p , 111,55 h al l s 111101

3 2 . 1  9 F i nalized eLLC Nas h Geme ear ior .

Using the updated mag tape ILLs c h i p  ian-sai l
information fro m task 3 .2 .1. 8 . ge nerate
finali z ed 105 chro me or glass emulsion Mask
masters tsr the ILLL Chip

3. 2 1 - lu l’roce s , F uri a lmie d CLL C Te r t  Chi ps

U s ing the f i n a l i z e d  l a s  mask masters - t , n a a l e d

under Task 3,2 .1,9 . process a •m na mu v ,‘t I.
O L L C  c h i p s . P e e f o r m  a f i n a l  f u n c t i o n a l  p r o t e
and test of the chips to ven t, that th e c l t ap
meet all of the famc t i on al requirement s as
defi n ed in the ILLC Detail Specification
US t a x t n t x t i  The 111’ chips w i l l  he a l l o c a t e

as follo ws

WLLC Chip Cheract .viastson ‘ IP Chips
Char , )lybrzd A Ils l t ha r sc ter i i atirn

SO Chaps
Eva l a a t oo n f i v I r o d  - II Chips
Co,Stinrgenc n - l~ Chips

— —‘ .aa,. . I 0055151
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5 .2 . 2 Me.oe’y Eleme n t Speci fication

Define the deeelop.ent and production status
of the earioun CCD (and other) memory etam. In t
chips wh ich are candid ate s for the ECAM
applic ation. Defin e thei r functional features
characteristic and lili tat ions. Select the
optimum technolo gy and chip which beet  nan -s
the OCt14 requiresants (performance , colt .
reliab ility, envirnn.ental , flex ibilit y , e t c . )
Prepare a “Device Level” Detai l  S pec i f icat io n
iDS t4tXOXOX ) ,tescribin1 the memory chip.
I’he requirem ents stipulated in the ‘Ii OS for
the memory chi p function shall be incorporated
ins the nemnry element OS . The OS shall serve
as the memory chi p procurement s p e c i f i c a t i o n
as sell as for des ign require ments for t he
hybrid development effort un der Tank 3.2.3 .

3.2.2 Hybrid Development

3..s.3.l Hybrid Detail Specificatio n

Prepare a “Device Level” Detail Sp ecif icat ion
-.00 SItOXTOX) for tha hybrid device. The
requi rements s t i p u l a t e d  in the .WU OS for the
hybr id function shall he incorporated is tIn e
hybrid OS.

3.1.5.2 Hybrid Electrical Des ign

In occordance sn-nt the tsyhri d OS und the Oe,ig
Iroundrules , perfor m the hybr id detail lo5ic
ana l c ircuit des~ gns , prepare schema ti cs / logic
diagrams , generate intra ’hybr id and ins tra ’
board interconnect lire li st s , provide draft ln i
coordi nation , , review drafting lennereted Loose. ’
nat ion , prepare detail test procedures , prepar

a. •a,~ l.fli ‘‘#11151

Cae Ta.asaIi.~~ o~~(t 
j::...:,’: .. I”” I .._ __ 

_
~_i_ _i. ‘E’

~’ ’
tal l  se, 3 f P t  II P101111 5 a . m. ~ l J u f C t

ale ag scs p ren ,e  IP ~~eeH a . l O 5 P  iCh t 5uLt (5(01st Pa ~ 5, a. l r i la t r
alit lhU, nislth 1555(1 ILaSta

n C r ,  ~~~~ 5 “l.v’rs’ Il ~~Sl 
- - r ’’. ’ -

brief di,cour,as on theory of operation , snd
iupp ort the software da oeiop m ent act i vit y In
defining diagnostic requirements. Prepare the
hybrid ssctioa for th . Ps rt  I I  di OS p repared
under lasS 2 .2 .3 .

3 .2.3.3 Hybrid Simulation

Pro vide computer sisul.tios support to
Task 3 ,2 , 3 , 2, the na .ul at iom shall be used
to viv ify that tis. hybrid logi c /c Ircuit den i g
sill aeei all of its funct ional requ irma.atl.

3 .2 .3 .5 Process Developmen t

Eased on the sot sated S” nD ” hybr i d , D ,vel op
the necessary fabrication techniqu es for name
Also , defi le the technique. nec essary to bond
t he lerger chips , suc h a. the memo ry’ ch ipa . (I
the substrate or carriers. Documen t th. rena
of t his e f fo r t ,

3 1  3 .5 f s t ab l ish Hy brid Lay out airo sldru le s

Revie w the circuit de s ig n Do cumen tat i on p m ’
oaafe d an de r Task 1.2 5 2 .  R ascal on the
electrical D esign re qau rea el tn . e s l a b i i s f f  th e
Pf p b r id Lan-al Gr o ,a n dr uleo,  TIn e Hybrid Llv oat
Gebtandroile, shall Define lucall param .term am
as nalber o f lepers , sm g mml line n l d th s and
s pac i m , .  e t c .

—-  .4 .. ‘_. - a a 15l5l
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3 .2. 3.6 Ar tw or k adenera t a c t ’ ,

Based on the ,cheta ta .s ,jer er a t cd un-c a T a - c
3.2. 3.2 and the 151 . cr - a ; pin out st,d sad
si r e ioformatior th e n -n ed under lasS, LI
and  3 .2 ,2 , generate a first pass IPX
draf ting l a a o -u t and per t  or’ a a r- a ., on .rc -
d i g i t i z e  the corrected l. a dratt .ss r- Ia Out
and ge n e r a t e  a lO’n pen clot. ct ,ecc and
correc t the 105 pen plot Iron the corre c t ec
l a s  pe r - pl ot , generate a fina l IS pen plot of
the habri d c i r c u i t  paths

3.1. 3 .? In-cr at e A . $ c n t a I r a n - - 5-
uen erate tIle aa ,r ’.t a - ura.a s f . anu Jocu rer .
tat ion reduir ea ten the ha t r i O  at . c

a 3.2.3.8 cet’,enate f.oe rl a  L a ,

based on the t a t r i c a t i o n  te chn .fues sen - red
under Ta sk 3. 1 . 3,4 and the as sent s draw .nu-
prepared under Task 3. 3. ’ , generate at.
A ssemb i s - Ca n out ton the 1,1. 1 a d  sea ace.
A s ,en rla La yout shall o et .n e The a t e :  - (a’ - - t ep
procedure for fa br i c a t .on - a:se - j a r , , ,  srI
Irspecti ng the Ha~”T i a i .

3 ,1.~~
,8 iat’ r~~cute L oa luat Io r P.5, a d  -

# a r r a c a r e  one I s a n - u t or. S ade l (‘a r t . , ’ or
s sbse 4u ent functi onal t e r t  ~JY~~C !C5. A s t e n L a
of I,., ,r. the ‘r.c s , t a r r a t n  s t i l l  b e
acconp lo shed under tas k I 1 3 11 ,

TASK PlAN J,_,,,,,,,,, I “ I ~.‘n II
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LII 5(fCsIF tme. IF (11553 aiSle ICIL I5LI t L I S t a t  e l sa .  a o t a l s a , ,
USE lISP . 511155 115101 111515

3 .1 . 3.10 A s s e m b L e  Ei’ aluat m on li ct rid

Using the hLLC chips furni shed under Tas k
3 . 2 , l . l C , and using the memor y and S SI / N S I
chips furnished ander Tas k s T,l, f, 3 .2 and
7 .l,b.3 .3 , assemble the evaluation hybrid wh ich
was previously iairi ce ted ander Task 3 . T .3 .’,

3 . 1  3 , 11 t e s t  I s a l s i a t i v a ’  ‘- ‘C r  a d

T e s t  t h e  Is a l u a t  a . a r  pa ‘ ‘I l , i ’ , se T if , ‘ ‘ a t ,
me ets all o f  t he  tuna t aa a ’ a 1 Ie .a a . ’ e’e ’’ - a

S t a) - .. a t ed an the “ a t t a d  C ’ ’  ~‘ - a t ’  . a.  F e
f a r e d  a’ t ea Ian , I . ) I il en ’ ‘ . a’ - 

-

3 1  3 11 Ho ’ a i d  a c t t e c t a i n ce’ .,5

b a d  nn the de .r e t ’ c ’ ’ a  a . . ’ A . ’ re l in e’
s r .  unj ’ r  f o a m  ‘ . pp .t’rs It ’ e n e e s ’a ’

ea e . t ’ a a j  iv .~~ 
a’ r ’ ’ a ’d n-. a t ’ . a ,

a. ,e ’ C  , d t a s  , - , arc a: - ‘ a ’ - - . ’
,,a e a ’  Ire ~ a —  i a ’ . ~a 2 ’ , ‘ - : - a . .  ‘

b a - r u  O r nne a 
~~, at ,,  a l a ,  a

f o ’  the P4 .CI ad I’-

Sna. . .a,.,.a. r’’lsill
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3 ,1 , 3 .13 F a b r i c a t e  hind Test  c ha rac te r i za t i on  Hybr ids

Ju ng the finalized Hybrid Design defined
under Tank 1 .1 .3, 11 . f a b r i c a t e  and func’
.an aIla test fice a if ‘la brid s for subsequent

_ tl a r a a.enri: at i o n t e s t  purposes .

ILLC chips fabr icated -staler Task 3.2.1.10
shall be used ins the five hybrids. The memory
m d  SSO i MSI chips provided under Tasks 7.l.h.3~ 2
und ‘.1,1,3,3 shall he -ased an the five hybridn ,
The actual hybrid characteri tation tests shall
be perform .d under Task 8.1.3.

I, ~,a Me.t,ory Board

l~ accordanc e w i th  th~ ‘ltd OS “lernory b ard
sec tion) . the Jes ig n Orou odrul pn , und the
hybrid OS , perform the snemory board d etail

a logic and circuit designs; prep are sche.atics/
logic dia g rams , generate intra und inter board
interconnect wire lists , provide drafting
coord ination , review draft ing gennrsted docu ’

C ‘renration , prepare detail tent procedu res ,
prepare brief discourses on theory of operatt o
and support the softw are Development activit y
in defin ing diagnost ic requ irements, Prepare
the detail ((emory b ard sectios for the Part I
sIl l DS prepared -under Ta sk 1. 1. 3 .

05 —‘ 91, 0.1*5 ,a , 1h410
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a 3.3 olLoAl, 4IST&lbATla)h
3.3. 1 CO Cabinet  Internal  ln t .mco nn e c t s

In accordance w i t h  the signal  Dis t ribution
g roun d rulen Def ined under Task 2 . 2 . 4 and
based on the signal interconnect wire lis t
information defined ander Task 3 .1 and 3 .3
perfor. the detail log i c s igna l  in terconnect
(bac k piane l  and cable designs for  the CU
cabinet circuit boards . control panel , mini .
computer and nain memory , and externa l con ’
necto m s. This activity shall inc lude the
genera t ion  of all CU cabinet logic signal

C i n te rconnect  s i re l i s t s  and able d raw ings ,
coordination lith alra ftsng , review of draft-

C, ‘ in g -gene ra ted  do cu aentat a on . and s p e c i f i c a t m o
of consec to ms,

3,3. 3 ‘11.1 Ca b inet  Internal  In te rconnec ts

In accordance aith cIsc signal distributio n
g r ou ndru l es defined under Task 2 .2 . 4 and
based on the signal interconnect w ire l i nt
information Defined under Tashs 3.3.4, 3.3.5 d
3.3,6 pemfor. the detailed logic signal inte
connect (back plane) and cable desi g ns for th
548 cabinet circu i t b o ar d n and external con’
n ec toms. This activity shall inc lud e the
generation of all ~5l cabinet  logic signal

a inlerconn.c t air. lists and cable drawin gs .
coord ina t ion  w a t h  d r a f t i n g ,  review of draft -
ing-gen e rated docume n tation , and spe ci fi cati s
Of cossec tarm ,

•~,.. nvjajme — — — — —  —
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51.1 SlIP . lilSI n n -sItS h,bItl

3 3 3 Ex te rna l  Cables

In accordance with the signal di stribu ’ior
groundru les defined under Task I l . a and
based on the signal interconnect wire list
inform ation defined under Tasks 3.3.1 and
3 3. 2 , per form the detail design for all (CA)’?
esternal logic signal interco nnect cables
abet ieen the idOl Host computer . CII cabin et
‘41’ cabi net , and nini .conput evi per iph era lsl -
This ac tivit y sha ll include the genera tion of
c able d r aci n g s . coordination c i th  d ra f t ing .
review of dra fting’g enerated documenta tion ,
specification of connectors , and coordination
un -h the act ivi ts of Tasks 1.3.1 and 3.3. 2 .

3 , 3 , 1 Cl! Signal Distribut ion Board

In accordance wi th  the CII DO (Signal DIstri-
bu ti on System seCt iln) and the Design
Cm ound r ul eo . performs the CU Signal DistTi b ut i
Board detail logic end circuit deiigno;
prepare schemat ics/ log ic  d iagrams , generate
intra and inter board interconnect wire lists C
proem de draft ing coordination , review draftiti
generated documentation , prepare detail test C
procedures , prepare brief discourses on theor
of operation , and support the sof tw a re  f eve l o
melt act ivity in defining diagnostic requirennt ts .
Prepare tin e detail CO Signal Distribution
System nectmo r for the Part I t  Cd DS prepared
under lank 1.1 .1,

TASK PLAN . 
h • ~~ IsSI S 

I•, :•~_, ( e ’it es
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Tua I.. 5lCt . *5 Paessaa I .C .C.  11841Cr
ace flltaIPTlea •P fF1017 shel l 0(515151 15(51st IlSi, asO a lIn T i
aaa g slat , scents 1155(5 sasa ll

3,3,5 lCd Signal Distribution board (A)

In  accordance with th~ P-CJ OS (Signal Dastri .
bution System section) and the Design
Groundrulen , perform the P31 Signal Dlitrtbut i
Board (A) detail logic and circu it designs ;
prepare schematics /logic diagrams . gen erate
mntra and inter bo ard interco n nect wire lists .
provide drafting coordination , revien draf lin
generated documentation , prepare detail test
procedures , prepare brief discourses on
theory of operation , and support the siftware
develop ment a c t i v i t y  in defining d iagnost i c
requirements. Assist an the preparat ion of
detail 540 Signal Distribution System Section
for the Part I! P31 DS prepared under lash 2 . .

3.3,6 MU Signal Di stribution beard (S~

In  accordance wf th the MU PS (Signa l
Distribution Sy stam nection ) and the Desig n
Groundrules , perform the MU Signal Dintrib u ti it

Board (I) deh a il logic and circuit designs;
prepare sche m atics/logic diagram s , (snerat ,
intr a asd Inter bo.rd interconnect wire 11,1,
provide drafti ng coordinatio n , review di’aftin
gsnerated doc ument ation , prepare de ta il test
procedure s , prepare brl .f dbo cossrlel on th .oi
if aperatien , and support the seftvsr~ develo ant
activity-in defining diagnostic re54ufresenta .
Assist in the prepar stion of the det ill MU
S igns al Di str ibutio n Sy stea nectio fi for the
Part 13 NJ DO prep.red ulder Ta,h 1. 2 . 3 .

— . •*.0 5  I 111*151
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3. 4 PCWE R SYS’TD(

3. 1 ,1 Poser Supply Selection

hnaly:e and estimate the voltage and power
requirements for the CU and ‘(U . Fr n m  the aO a l - in ,
prepare ind iv idu al Detailed Procurement
Specificat ions for each of the power supply
t.’pes. rite Proctirenent Specification format
shall, in general, foi lo w the format defined for
Part I DS’ n per hero Design Pmn ceu dre 2.1 .
The Procurement Specification shall nnphasi ce
low cost , of f’the’she lf d esi gns, hig h ef ficie y,
sta bility, and reliability and eas. of mainten ace .

3.0 .2 CCI ‘nuer Di s tribut i on Si-s t em PUS)

In s~ cordanc e w i t n the CU oh ,yocer Sy stem
Section s , m e  Design Cm,unDru les . and the
poser supply requirements ,iefined ‘coder task
3.0 .1 , per form the detail electrical Design
for the CU cabinet POS including the poser
cables finternal and external to the caban e t l
and load distribution b Oles .

~ r in 05k nha ll ;nclade trr e electrical desi gn
e n’f- ,rt as ,oc ;a te d  w i t h  leeting svs tesns li-IC
des ig ns re quire m ents , genera t ion  of power c a b l e
dr auc o g s , coordination .n-h m echanical
eng ineering relating to the -m echanic a l desi gn
a~ yecrs of Ire CU pouer distribution and
cofl tr, l . c o o r d i n a t I o n  wit h draft irg, revie u
of d r a f t an

~~
- ien erSte d doc-asentation , np eCi ’

fica t;on of connectors , analyses of power loss
and s’ol tage In-ps , preparation of test pro’
cedures for the fDS , and prepara tion of the
d e t a i l  CU Poser System section for the Part It
CU 25 prepared -coder Task 1 , 1 .1 ,

.01*1* .4..i. a 1115455 — —
TASk puw 

n.I.h 5 5 h  “i P a l l  II
EeenssSarse. Jug? Ill9hS h l Il I “i P•’~~’~° 5’ o n  I ..— s
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£55 I(Ilt5I PT15S 5~ (PINT ales. 1(515Kg 151111? 1151 , aaTlsa it e
11mg its .. IsmI ls lIm it S 1515(5

3.(.3 Ii Poser Distribution Svs tee (PUS)

In accordance w i t h  the ‘41.) 05 (Poser Sys tem
,ectionl , the Design Groundrules , and the
poser supply requirements defined under Task
3.4.1 , perform the d etai l electrical desi gn
for the \3J Cabinet PDS including the power
cables )inte m nal and eoternat to the  cabinet)

~nd load di st ri buti on cables/hun bar s,

This task shall include the electrical design
effort associated with meet ing sys tem EPIC
requirements , generation of power cable drawl go ,
coorDination with -nechanicai engineeri ng
relating to the ,e~ ha nical desig n aspects of
the ‘-ltd yoier d i ,tr ibu tlo t i and control ,
coordination w ith Draftin g . reeies of draft-
ing generated Jocument ition . specification
oi connectors . an a lv o is of poser loss . v blt ag
dr o p, and heating effects of the bus bars ,
preparation of test procedure s for the PUS .
and preparation of tIn e de ’ail P31 Poser System
c a t i o n  for the Part II ((U OS prepared under
o.k 2 , 2  S .

9.1*1*. el,Pn. ,n,ISflS
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In accordance sit’, the C~ PS and the Pe n n- a
Groandr &ileu , perfor m the ‘L’ :abnn et stru c t or a l
design, The detail st r u c t- 0rai design sha.l
be based on the Ian-out con certs defined under
Task 4,1,10.

O ,l. EMC Design

I n  accordance with the IL’ DS and the Design
Groandrales , generate a nech anti ca l d e s ig r .
aprroach that is coepatabie s i t ’ ,  the syst em
t”C requirements,

T ’ is s i l l  include the fo l los in g a ress ,

- Input power filterin 4
Cable harness rou ting

- Wire types
- Grounding scheme
- Cha ssin bonditg to drc,r ,J

Shie ld  t e r n t n a t no r ,n
- Enclosure des ig ra

4 , 1 . 3  Connectors

Define the mec h aric al re gun re nera s for the
internal and ex ternal CL c o n n v y t , r s ,  Define
the optimu m It cat io n ag ro up ing for the various
c Or .flect Cr5.

TASK PLAN ~‘ ““ ( ~~ SI

cHn ,l.nrIes 11(17 I I”’’
_______ I — — ._._L. ~~~~~~~~~~
lull II. ltPt , ii P151551 5.5,5. PIldIEt

III SIMISPIIC5 $1 (11017 *1111 lcs IOIOl (5(515 lIla. Ilt U las t ,
last mIll. lasl Il 115111 lImlil

4.1.4 Power System

Evaluate methods of rou ting power througho ut
the CI cabinet  assemb ly ,  This t a s k  will
address the follo w ing

Input filtering requirements
- Method of routing throughout assembly
- Bui bars
- Stranded wi re

Sn-c
M a t e r i a l

I n addition , the power supply mounting
provisions , ac c e s s a b i l i t y ,  and other  recha n ica  y

thermal aspects are to be taken into account.
From the above , a firm mechan ica l  design f o r
the CU power s y s t e m  shal l  be per formed ,

1 .1.5 Signal Distribution

Based on the Tas k 4 .1.10 layO ut c o n c e p t s
associated wi th  the signal d i s t r i b u t i o n  aspect
(bachp lanes . card cages , w ir e’cab le type ,
routing and Cllmp in g), perform the detail
me cha n ical design of saee ,

4.l,b Logic Bo ard Design

This task pertains to all CU Iog ic /m em rr n
circuit boerds , The functions shall ii , a,dc

Host interface
Cl) signal distribution

- Slave controller (Including pprograv meeyr’

— —, Pa,w1 . lulnIsI — — — — —
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8,1.6 logic Board Design (Continued )

Sh ed Ofl the Layout concepts and c ircuit boar
crade .off studie l performed under Task 8.1.13 ,
design/define the general’purpose CU circuit
board.  Def ine the groundrulen for desi(n .
la yout and nethod of interconnect for same.
The method of connecting the boardi to the
backplant . shall be coordinated with the effort
in  Tank 8 .1. 3.

4,1. ’ Control Punel

Boned on the layout concept, performed under
task 8.1.1.0, perform u detail mechanical des i1
of the control panel.

4.1.5 thermal Oe s ign lAna ly sis

De fine the power requirements for each
subassembly cs.prining the CU cabinet .  (This
also appl iea to the peripherals.) lased on
the power requiremmntn , Develop air cooling
concepts for the CU cabinet and peripherals t
include volume of air required as well as air
distribution concept ,. Perform a therm al
ana lys is  of the CU and i ts  naj or compo nents t a
innure th,t adequate coolinZ is provided.
From the therma l analysis , finalize the CU
therma l design approach. In addition , define
tin e pressure drop requireae n tn .

,u 1*. •a..,.M. i i/I04S*
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4 .1 .9  CU Doc umentation

For each of th, individual board assembly and
detail designn referenced under task 4.1.6,
p repare and check layouts , assembly drawings ,
detail drawing s , artwork and schem atics to
dOcument the CU circuit board designs. For
t h e  r e m a i n i n g  CU Cabinet items , prepare
concmpt layouts to dotum.nt the desi gn
approach. From the concept layouts , prepare
com plet. detail and assembly documentation.
All fina l dacuae~tatto~ stiatl in. 1O-’r.Lelsed.

4 .1,10 CU Detail Layout Conc ept

Perform detai l  layout co ncepcn for all facet s
of th. CU. Concepts shall be formulated for
par t i t ion ing the CU cabinet assembl Ies in a m fl ee athat  wil l af ford the mont natural combination
of system functions. Concept o shall also he
formulated for mounting and providing the
necessary mechanical interfa ces for th~ major
suba s se eb l l ea and functions wh i le  m aintainin g
the (MC i nteg r i ty and ma in ta inab i l i t y  p rov i s i  s .
The subas sam b l ies and functions includea

CU power system di s tribution and component
Circuit hoards

• Signa l distribution system and co.ponests
( including backplane s )
Card c ages
Control panel
Minlco.puc.r , main memory, peripheralS

fl e concepts for implement ing the backplane
a,sd card c age asnem b l ken s hIl l be en t ab i ash l d .
Co emide ra t ian shall be given to using •itltin
d. gas.

, s.  •la,.Nw ,nfl.,fl —  — —
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4 1 1 0  CU Detail Layout Concept (Continued)

Alsi ander this t ask , the methods of routing
s ignals  throughout the CU shall be eva lua ted .
The f o l l ow ing  shal l  be a d d r e s s e d a

- Stranded wi re  usage
- Shielded w i re  usage
- Tape cab le  usage

Meth od of routing and clamping
- Location of eoternal interface connector s

Perform a design trade ’off stado to determine
the best method of packaging the c i r cu i t
board functions . Consideration shall be
given to u ti l i: i n g existing genera l .purpose
board designs (Augat , etc.) as sell as herO -
designed teneral’purpose boards. From the
trade- o ffs , select the opt imum approach,

This task also inclades the generation of a
mechanical layout concept for the Control
Panel.
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4 , 1 MEMORY UNIT

4 , 1 ,1 Structural Design

In accordance w i t h  the MU US and the Design
C Groundrules , perform the MU cabinet ntruc tu rlL

design. The detail design shall be based oil ta Layout concepts defined under Task 1 .2 .11,

4 2 . 2  EPIC Deni ~ r.

In  a c c o r d a n c e  w i t h the MU OS li d the Design
f, rou ndru les, generate a mechanical design
approach tha t is compatible with the system
EPIC reqaireme nts .

This will include the followin g areas ,

- Input power fil ter in 5
Cable harness Touting

- - - W i re  t ypes
- Grounding scheme

Chassis bonding to ground
Shield ter linat c on s

- Enclosure design

1 3 Connectors

Define the mechanical requir ements for the
internal and Internal MU connectors. Define
the optimum location/gro uping for the various

Cnn P c torn

— ~~ , •o. .,’e, , i/floss — — — — —
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1 .2. 1 Poser jystem

: e’’ o d s ,i :o u t  a g  C o w e r

l oom is a r e  t;llow a ’ a 4

- .:~~~ f .  1 ,rang re4..ame efl t s
e~~~,l at r :.it a ”-g :-aro,.g’;~~t assennl o

‘mater ia l

:, s:d l t a o n . the po s er  - - u pp la nut t In g
p r c a a  s c a n s .  a c u e s s a b s d : t - . ir.1 ott er nechonscas
r ’er s1 uspec ts are to Y e tne fl a n t o IC ZO u flt
F r or aY e s hove , a f i r m  — eL -m ac it d es i gn f o r  a
‘P.’ C ow er iV itelt ~Y a l L  Se per foe- .ed .

a 1. 1. 5  S :gna l  hst r ahu t so n

Sased an th e ‘as k 4, 1 .11 lay out concepts
a assoc~ uted —n -h the signal di stribut ion aspect

backplanes , card cute,, wire/cable type .
rout ing and clamping ), per form the detuil :nech, ical
design of same,

4 , 2 . 6  ‘my brid Coordination

Per f o r m coord inat io n  and l iaison w i t h  the hv b id
lev e lop ment uc t a v s t y  coder Task 3 . 2 , 3  to  a n s u  e
that characteris tic, of the hybrid Dev ic e  are
i000nn and -understood. Cogni :atce of all boh r C
the rmal and general design problels shall be
part of this task. Che process methods shall
Se c — d e r s t n o d ,  Insure that the hybrid p ac ka g
is uosp at ib le nith the memory board packaging
approach, lab , recommendations a, required
to in sure the hybrid /board compati b ility.

,s — . #4,1, Ma P / i l/Il
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1 2 . ~ ‘- C e ”cr ” s 14 - m c  ° o a r d  IC es ign

n a s y d  an the _ un ceptua l i e s s g n s  s o d c c r c u i t
b ir d trade off stud i e s pe rfar —ed under

a - , 4 . 2, 11 and 4 1 . 11 , p er /c rI the  let a i l
‘echan ical desi gns for the ale n orv Board and
general-p u rpose logic boards. d efine the
groundrules for design , layout and method
of ao trrco nnect for lane, The nethod of
colIc - u t a n g  the hoards  to t ’e b a c hp ianw sha l l
~o o a d a n a r v d  s n-h the e f f o r t  in C ask 4 . 1. 5 .

4 ,1 .9 ‘bernal  desi gn hna l y s i s

Define the Dower requirements for each tub’
l S s e — b l v  1o p r s s ang “ Pt  VU a b s n e t .  Cased an
t v  poser req- us r e en t s . de velop air  cooling

concepts for the ‘-lii c a b i n e t .  De f ine  the -
ca a : ‘ e  if a i r  requ ired as se l l  as air d i st r i ’
but ion concepts. Perform a thermal anal y sis
o f  b e  ‘40 and it o napor components to ins ure
‘ ‘ i t  id e- n -ate cooling is provided, From the

Cr— it  i 141 si n , final s te the ‘40 thermal
Cr . -d ° approach . In a d d i t i o n , de f ine  the

-‘ p r ” c s u r e  Drop requir em ents.

‘o r each  ,f the i n d i v i d u a l  ‘card iss em b lo and
t r a i l  d e s igns referenced .1-icr Cask I I

p r — p a r e  sod ch e ch la y ou t s , iss e mUt - I r a w i n g s .
lr ’ a u l  d rawin g s, artwo rk and ac ’r’- ,t L c l  ‘3
d o c u m e n t  m e  MU c : r c u i t  board  d es  I ns .  For
r .’oa an s’i g ‘-P1/ ,i saa net rem , , prepare concept 15
n u t s  to  io:.t ert ¶ ‘ e le s i g n  sypr o ach. From th
— r .ey t h a n - c  t, . prepare :‘‘ap det e detail and
ass”,n h l q  documenta t io n , 411 final doc ue ent a ri a

__________ 
S h O t a c 10 ‘ c l e a n e d ,

ala la l. ln. s - - Il/la —  ___________
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a . I l l  Memcn ’v Boa rd/Hs’br id Packaging Concepts

Perfxrm detail layout concepis for pac kogin g
the  hy b r i d  an d mc mxiv board f u n c t i o n s ,  Est a b sF
th e concepts for the method of  heat cond uc tic
f r o m  the hybrid cv the memory b o a r d  Es t lb li
the  concep ts for mountin g the hebr ics to the
memor y board. hI so , esta kl sr concepts for
th e rout i ng of power and ground on the memor y
boar d -

4 , 2 , 1 1  ‘P1.’ P e t a i l  Laoo at  Conce pt

Perform detail layout concepts for a l l facets
yf  tie ‘P., C o n c e p t s  s h a l t  be fornu llt ed for
parti t ioning the ‘II. cabine t a ssemblies it a
na’a rer th at w s l l  afford the most  n a t u r a l
cvvtc’aat con of so ste — funct ions Concepts
shal l also be formsu, ated for m ounting and pro ’
s’idiflg the necessary mechanical interfaces fo
the ma p or s u b a s s e mt l i e s  and funct ions w h i l e
maintain ing the £141 in t e g r i t s  and ma i n t a i n a b i l  to
pros ’ision s, The su b assem b l i es snd functions
incl ude

- ML power system distribution and components
- C i r c u i t  boards

Signal distribution sy stem and c o mp o n e n t s
‘including backplanes

. Card cages

The concep ts for m yl e r er t in g the b a c k p l a n e  ai
cage  a s s e n t l s e ,  513.2 be e s p a t l s s h e , a

:—s : d e r a t s c r  sta .. be gc ~~er to u r. g e x i s t i n g
i ts  ac ’r

lola al ,a..,.aa. P~/,i,ii —  — —
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4 2 .11 MU Detail Layout Concept Ct ontir .ue / ,

Also under this task . the methods of routing
signals throughout the Ml. s h w l l  be e n iluate d.
The following shall be addressed

Stranded wire usage
- Shielded Wire usage

Tape cab le  usage
Method of routing and ciaap ing

- Locatio n of external interface connector s

Perform a design trade .off studs cc determine
the best •,thod of packaging the Mt signal
dint rjbu tioe circuit board functions,
Consideration shall be given to ut ili i i ng
e oi n tssg general-purpose board designs (Augat .
etc.) as well Os Aero ’designed genersl’p arpos~boards. Pros the trade offs , select the opn -I
approach

• a. StIlt h yMns
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4 .3  th ERMAl, CABLES

4,3, 1 Cable Desij,p

Develop the conceptua l approach for all
inter-cabinet cabl eS . This includes the
cabling required between:

5050 Host Computer and Cii cabinet
Cli cabinet and 9SJ cabinet (s)

It is assumed that an ex i s t i n g  cable set aill
be u s e d  to interconnect the peripherals and
minicomputer. Under thts task , the concepts
for the external  power cables shal l  a lso  be
Developed. As a minimum , th e following
requirements shall be established:

- Wire site
0 - . Shielding

Jac k e ts
touting

- ‘ The requIrement, delineated in the overall
s y s t e m  OS and the Design Uroundru les shall
be complied nith to insure tha t  the  ba s i c
requirements including EMC are met.
Ofter the concepts are firm ly established .I.” the externa l  cable mechanical des i (n  shal l
he uina liie d.

4.3.2 Cabin Documentation

Prepare complete detail and assembly Uocci ’
mentat ion for the cable des lg n s defined uoder
Task 4 .3.l A ll cable docu innentat ion shall
be 10-released. 
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4 , 4 I S’TERFACE

4 . 4 .1 ‘lechanic .L Interface

Generate a sechanical layout to depict the
mechanical interface of the CU . lii and periph ra l s
within the ECAM system installation area.
All special mounting pro v i s ions and restraint
shall be identified. The interface inf oraati n
sha l l be incorporated in the ove rall CU and
‘-Si structur , designs.

1 ,4 .2 Cooilsi Interface

Def ine tin. cooling air inlet and outlet
interfaces, Special require .ents (such as
ducting ) for the outlet air shall be defined
and inco r porated into the two cabinet de signs
Mobility of the cab ine ts  for main tenance
op e rst iosss shall be considered if duct ing
in requi rsd.

— 4 , 4.3 Electrical In terface

Under this task , the met hod of pronid ing
tine el e ctrical interfaces between the ECAJI
equip.Se tn shall ha defined. For eaimp l e ,
it shall  be ascer ta ined  if c a b l i n g  cinder
nine f loor , on the floor , or overhead is to
be provided and the restraint the required
lppea ach has om the mobility of th, equipm ent
(e.g. during •aintenasc e and troubleshooting )
Tin, electrical interfac, definit i on shall he
used in defining tin e entern a l co lnec tar
iocationm Oa tine CU and PSI cabinets.

—. Pa, .’ ‘a. - . - lana
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ci  sub ta sis i .l throug h U. S w i l l  be
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6.1.3 Slav, Contro llsr

In accordance with hero Division Des ign
Procedure 2.1 , prepare a Part I and II
‘cnpmut er Program D e t a i l  Sp e c i f i c a t i o n  (Dl
1GSSO.SAl) for the DPi’ software for the CU
Sla v e Ici n t ro ller function, Sased on the OV1’nq desi gn the DVI software. The appropriate
hardsare designers shall be consulte d as part
of th e design effort. Code the DVI in ‘ICP
assembl y lan (ua( .. Debug the OPT using the
‘PC P conputer Document the OV1’ in the form
of l i s t i n g s , f l o w  charts and a card deck.
The li st m n g s a n d  flow char ts shall be include
In Part II of tin e DPI OS.

h .l, l ~~r ae

In accordance with hero Division Desigs
Procedure 2 ,1 , prepare a Psrt I and II
Computer Program Detail Specification OS
~G S X X t ~hl( for the Dvi’ software for the npJ
memory board Arra y function. Saned on the
DVI OS , design the Dh’i’ soft ware, The
appropriate hardware designer s iha l l be
consulted as part of the design effort. Code
th e Dvi’ In ‘4CP assembly language. Debug the
DVI us i n g  the NCP conputer. Document the
DVI  m n the form of listings , flow charts ,
and a curd deck. The Ia s t ..lgs and flo w chart
.ha ll be anclude d in Part II of the DVI OS.
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0, 2 6000 DV? SOFTWARE

6,2.1 Host Int a r fa ce /’4CP

In accordanc, with Acre Division Design
Procedure 2.1 , p re pare a Part I and I I
Computer Progra. Deta il Specification (OS

-~C,X0DtAl ) for the DVI software for the CU
Host Interface/ n-C F function , Sase d on the
Dvi’ OS, design the DVI software. The appro-
priate hardware designers shall be consulted
as “art of the design effort. Code the Dvi’
in IF4AP assembly language. Debug the DVI
u sing the 0050 computer. Document the DV?
in the form of listings , flow charts and a
card deck. Tb. listings and flow chart,
shall be isciaded in Part II of the DPi’ OS.

3 SYSTEM CONFIDENC E TEST

n .5 I DVI So ftw are Integrat ion

n c r  this Tas k , the DVI software developed
icier Tasks 6.1 and 0, 2 shall be i n t e g r a t e d
c~~tO a single softsare p ac hag e described an
‘be ‘Cnn - tee lon fide nc e Test . It is e n senti a ll
O (0/no go confidence test and shill serve
is t h e  f(’i~ s y s t e m  a c c e p t a n c e  t e s t ,

In  accordance w i t h A ero Division Desi gn
Prnc .dure 1,1 , prepare a Pa rt I and It
cmpu ner Program ‘).tai l p e c m f i c a t i o n  Dl

‘;S ff u l( ‘or  ~wp S o s t e m  a n )  c ie’,me rest
,o f ti are T e s i g n  ‘Se — e  e s d a r n  l i n k a g e s
and control, t o  eaec utl the )h’T’ n
as a total e n t i t y  )e m n D m o c d - .ca l l p ,  -o de
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the linkage and control snttware in SCP/G)4AP
assembly language . Debug the software using
the MCP and 6010 computers, Document the
System Confidence lest in the form of listing
flow charts , operator ’ s inst ructions , card
deck , and a mag tape .  The l i s t i n g s  and flow
charts shall be included in Part I I  of the
Sy st em Co nfidence Test  OS.

b .4 ~~F DIAGNOSTIC SOFNARE

6 . 4 . 1  Host Interface/bOl l

In  accordance with Aero Division Design
Procedure 2 . 1 , prepare a Part I and 11
Computer Program Detail  Spec i f i ca t ion  (OS
Q0000XA1) for the diagnostic software for the
CU Host E tter face /SO SO function. Based on
the DS , design the diagnostic software. Ike
diagnostic noftware design shall rely
heavily xii the deoig n of the corresponding
DVI aoftware developed under Dash 6.1.2 and
shall be capable of isolating failure, to the
board level , Code the doegnn stic software
in I4CP assembly language. Debug the sof tware
uning the MCP computer. Document the diagnon .c
software in the fnrr  of listi n gs , flow charts
and a card deck.  The l is t ings and f low chart
shall be inc luded in Part II of the above OS.

l0. .a. . . .  i i,ll ial
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S . D Sla ve Controller

In accnrdance with hero Division P e s ag’
Procedure 2.1 , prepare a Pitt I ard V
Computer Program Detail Specif ac atior. (IFS
QC000tAlI for the diagnostic software for th
Cli Slave Controll er function, bip ed or. the
OS , denign the dia gn os ti c sc- f t u ar e ‘5 e
diagn o stic nof twore de sm gr n - ha. I c c l ,
on the design of the c o r n e s r o n d a r ,g
software developed under I a n - i t~~I 1 a n d  n - h a l
be capable of i snl a ti n g failures t r the
board lev el , Code the di agaac s l ac scf t w a re
ir NCP as sem bl y language Debug the s r t t w a r
us ‘np the U C P  co mpr a t er Pcau ne r the dc ag’a c mc
n- c f  ~ are in, the ftr, of  l i s t  i s , f I  ‘w c a r ’,a n d  a c.rd de~~k The li s ting s and flow char
sha ll be included in Part II of the ahei p D~

P I 3 ~a S mgn a c I a .trmh u l a’

I ’  a . c c n i a n : P  w c t b  Ac r e p i a m s i n c  I e s a r ’
P11- pd., r e 1.1 , p re p are a 1a’ t I a d  I
. c m p c . t t n  Fre~ rav D e t a a l  S p e c i f i c a t i o r  :P~
QC X ’vv a l - f o r  the i c a g n o s t m c  scft. s’e f t he
Cl S igna l  D i s t n i t u t c c r , fur, :t i o r  P a s e d  or  t b
O~ des ign  t he a c f t w a r e ,  ,eo rim n at , tie desa g
e ffort w i t h  the appropriate h srd w sre d e,c l r e’
The d uag n os tia se t t w i n e  s h a l l be u s p a tl e c r
i s o l a t i n g  f a i l u r e s  to t ie hoard l e s p i  od e “ C
d i a g n o s t i c  s o f t w a r e  in N _ t’ a ’ s e m f m s  i ang ~ a (e
Debug the software using the NCf co m p u t e r
Document tine d i a g n o s t i c  lv f t w s r e  mr , nip for”
of list ings , flow ch s rt l and a c s n d  de .l
The listings and f l o w  c h a r t s  s h a l l  be i n c l u d e
in Part  II of the above OS .

50. Ia ~‘ 
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6.5. 4 iii Signal Dint rsbutio n ,J,~~,

In accor dance with hero D ival ion Design
Proce du re 2 . 1 , prepare a Part I and II
Computer Program Deta il Spec i fi cation (OS
QGXXXXAI) fop the diagnostic software for the
~Il Signal Distribut ion (A) function. Smsed o the
Dl , design the d s agno n t i c software. Coordina
th . design effort with the appropriate
hardware designer s . lbs dia(nost tc software
shall be cap able of isolating failures to the
board level, Code the diagnostic software in
‘SC P assembl y language. Debug the so f tware
using the MCP computer. Document the diagnos Sc
software n-n the form of listings, flow charts
and a card deck. The listings and Elsa chart
shall be included in Part 11 of the above DS.

TASK P L A N  
‘ I, a

COlfc nu , nc u i ,.tgn ‘ ‘ ‘“‘

~~~ 

“‘‘ I - “  

~~~~ ki~
ust l0

Ill. 55, StPt , OS el niaaa S a l ,  Piaa1 Ct
ise S (sca ,,t ua s si g, ,oay SIn aP SIS( lat t  l i i s t , t  Pill, aut,i a,T,

Si SO S l i p , laiSlI suaI(s 155111

6 . 4 , S ‘n-U Smg’r al Distribution (5)

In accordance with hero Division Design
Pr,cedure 2.1 , prepare a Part I and 11
Computer Program Detail Spec ificat ion (OS
DCDt1XA I) for th, diagnostic software for the
MU Signal Distribution (B) function. Sased
-in the DS . design the diagnostic software.
,ord inate the design effort with the

appropriate hardware designers. The dia gnont
software shall he capable of isolating fai l ur
t o  Itt, board level . Code the diagnostic soft re
in ‘HC P an -seeh lp language. Debug the software
‘asi ’t g tr .e ‘n-CF coeputer . Ifoccinent the di agnos c
•of’ ware in the (ore of l isting s , floe charts
and a .ard deck. The listings and flow chart
shall ba included in Part II of the abone DS.

6, 0 .6

In o c cor dan ce w ith hero Divi sion Design
Pr ’ced u re I I , prepare a Part I and II

epu ter Pro gram Detail S p e c i f i c a t i o n  (O S
.c ; n n n - n a l )  Po , t he dia gnostic software for the
41 mcmx c, board A rray (unction. Based on th,
ITS , design the d i agnostic software. The
diagnostic software design shall rely heavily
os the desig n of the correspond ing DVI sofyr a
developed under Task 6.1 .4 and shall be
cap $bje of i s o la n l ng  fa o lures to the board
level. Code the di a gnost I c softw are in  NC P
ssse.bly langua ge. Debug the software using
th e sCP computer. Document the diagnast ic
•~ fteare sn the for, of listing, , flow c h a r t s
aed s card deck . The li s t i n g s  and Plow chart
shall be inciad,4 in PIrt II of the abov e Dl.

‘5.. ha. li. l~~’ø~ 05151055
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F ’ S  6080 DIACSOSTIC SOP’I’W A PE

5,1 host Int erface/ MCP

In accordance with Anr o Division Design
Procedure 1,1 , prepare a Part I and II
°olrr pm.ter rrogra m Ife t a il Specification (D~
QC \XXXSI for the diagnostic soft ware for the
CU host Interf ace /M CP function. Sased on the
IFS , de sigr the diagnostic software , The
dia gn o s t i c  s o f t w a r e  des ign  shal l  rely heavil y
on the desig n of the corresponding DVI
so ftuare developed under Task 0 ,1 .1 and
sha :l he cap ab le of isolating failures to the
b oar d le v el. Code the diag no st i c software in
‘(“OP a sse m bl y iatgu age . Peb cig the soft w are
,m ’ nc t he  0 a q r  co pu trr. Document the

i cc s o f tva yr in , the for of l i s t i n g s ,
.F ’ ar t. c:.~ a ,ard dc. , The listings an

flow .n art s  sh a l l  be i n c l u d e d  in rar t  I i  o f
tie af’c,r ‘cc

,. . .s, .-.,a -, 
..,__,,..,...I,..,,,,,,,,,,,,,..., — — —  
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0.0 .2 Ici alnu stic Software Integration

Under this Task , the diagnostic software
developed under Tasks 6.0 and 6 .5 shall be
integrated into a si ngle software pack age
described an - the System Maintenance Software ,
It shall serve as a ma in tenance  tool cv ,
diagnosing and isolating subsnstee failures.

In accordance with Aero Diw ’ision Design
Procedure 2.1 , prepare a Part I and I I
C o m p u t er Program Detail Specification lOS
QCX X XXA I’ for the Synte e Maintenance Snfts ,arp
Design the necessary linkages and con t r o l s
to eSecaiIe the diagnostic software mod u les
a n - a  total entity or individuall y , Code
the linkage and control sof tear, iii MCP0CM*P
assemb ln language. Debug the software u s i n p
the MCI’ and h OS T -  computers. Document the
Snstev Maintenance Software in the for, yr
li s t i n g s , flow charts , operator ’ s instruction
ca rd dea l , and a nag tape , The listings and
flow chants shall be included in Part II
the above ITS This task include , the final
debug and rendering the system eli nn enance
software operational while th. equipment is
Sn the interim 6086 sine .

6 h ER - ’ sop NI’,ImIOMP’ll’T II P *51 PESIPHFP.,n -’s PlI’cCI’b)M . -

Peocure the ein i comp ot er , pp r nph era i 0 .-vp I,.,.
and o ther  i t ems  associa ted wit)’. th e we - , ‘‘(‘

55. us. ’’ ‘51. ‘‘‘15111
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5 . 1  COMPON ENT TES T

4 .1 .1 Memory Device Chara cterizatio n

Perform ch ars c ts rio ation teSts of the select.
,..ory device usin g 10 sample device s . The
following three categorie, of t e s t s  and
sub tent s shall be perfar me d:

1. ‘Oor,ai Ope rating Characteristics lesta

Voltage variation
- Clock timing variatio n
- Interface voltage/current level

v a r i a t  ion
Pattern sensitivity
Frequency range of operation
Optimum operating point
Tempe ratur . range
Control timing variation
Oefr eok period rang.

Z. Destruction Te ,ta

Absolute .azimua voltage
Maximi51 temperature

3. Application Tests

Soil. sensitivity
Para llel bu s operation

The design and fabrication of a device inter’
face  to adapt the memory devicm to tli~ device tester
and progra mm ing of the device tester shall be
included under Tasks 11.1.5 and 11.2.0 . This
tan k shall include data analys is , curve plott 5g ,
and preparation of a summery report .
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nasa  ~a. ige’ 3, ‘sn w ai. 5 0 . s .  ‘ S O . i c t
155 BIICS IPIISI CF lu Sh .ao1 e iCI lihil (sill .’ •ii i. 5 .’ ..,,,
Ian( 55 5P , Suos (I •.sl(I 5,.5UI

5 .1.0 wLLC Charac ter inatio m

Perform c harmcte ri omtia a tests of the Word
Logic LSXC device using 10 sampl , dev ices
which are to be furnished under Tank 5,2.1. 10
Th, following three catego riel of tilts and
nsabtes t s shall be performed :

I .  ‘.ormal Op.r.ting C h s r a c t e r i o t i c n  T e s t s

Voltage ssr ist iols
Clock timing e ariat i om
In ter f ace ,o ltm ge/c ur rent leve l
var ia t i Om

- Pn’equ enc y range of opera ins
- Tptim uw op e rst in g point

Temperatu re raege
Control timing v a r i a t i on
I/O t r ans fe r  functiam

2. Destruction Test,

Absolute mssies ~ vo l tage
- Msx ia ua tempera tu re

5, Ippl icat io n T .atn

- Noil. s e n s i t i v i t y
Parallel bus operation

The design and fabr ica t ion  of a device inter-
fece to adapt the cord logic LSIC to the
device testee and pr ogr a lng of th, devIce
tester shill be included under TaskS 11 .1 .4 a
11 .2 ,4 . Th in tash shall include dat e anal y s l
curve p lott ing, and preparation of a su ary
report.

‘..a .s. •a . .’ . .  ‘‘‘15158
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Pen ny — c~ a ru a t e r a  l at ccv tests o F  the ,ena’ r,-
H a p r a d  dc. a ,e -.s.rc Pave su ;le c ’h r nd de sc .e
.ha; ’ .ne t? ’e f,,y nc s ’ e ande r Task 2 i l ’
‘(he C c l  l : v a n~ t F ’ree .j F e ,ct cc of tests and
cupt e st , s ha l l he performed.

I . NOTn,02 .Tp era tcn g h a r a c t e r c s t c c ’  Tests

V o lta ge c- ariat i sn
- C l o c k  ti — ar, p , a n a a t i o r .
- bF eF~~ , e s vl ’.af e 0. - Ire” , level

c i ,  ca t i o n
°re;4e~ ;,~ range of c p e r a t a s n
,‘c r c ” u— o r e r a t c ’ a c pa nt
e rv ra ’..cmr r a c e

- -U tra ’.’fer f,inct or.

1 Des tructicn tests

i b r o l u t e mayi,,ur’ c ’y lta ce
‘t a scn u r t e— rer a tu re

cat , c— “ e s t s

Sr i,e sen s a t i v - ,e,-
- ,‘ a r u l e l  a- ,,.- op er at ;or.

‘c 0 dcc c’ ar.t fa bt’, :u’a r n ~~ a dec c a e  c’a r’-
i.e F ’  ada rt t o e ~,tr .a to a re  de s i c e  t e n - t v ,

and p r o cna””cn ~’ of t’ e cc - . n.e tester ‘ha i l p e

.0 5 k  s~,a ,,  J c ’ ’ na 1. - ce data ana l,’.,, ,

i’. ’ t a f l c .  and (‘reP a r a t i o n  of a su—— ar . r ep-a rt

T A SK P L A N  .j_ ,._,.

S 

I L,,,.,,, — —  ,__j _......

~

. 

i

i 
~

1st .(sc l c n l ol St  ( i n Se t  sa c , ’ sc,us,t i i i i ’ ’ US i  , I, ‘‘ca ’s
lull S l i P . h a u l 1c 5 1 i 1  SwIlil

- a ° 1 i F’vb,.d ‘e’ ’

‘el lnw in ~ f aF ’ n aa a t c on and p ri o r to m y r a I l a n ,  r
‘f the - - - t r , d  d e v c a r  or. the Me~~~r , Boo r U ,
eac h I’ vF ’n lc l device n - h a l l  poss a f u n c t i o n a l
te st cn accordance with. the tent procedure
prepared uvd en lu ’ , 1 1 1 The hcgr n - p e e d
r t u t a .  .-e ’aeral c c . . - t’:a rd ’ ’t., or
e,,, aa , . l e ’  F s ’a . ‘e .‘ea a - e ’ f c r r  F 1 ,
m o n  amp a r ”t t e ’ t ’  . I r o n a s c a r - f  a i t s  : , r
ada p t er a n T  p r v g nrm c ng at t’r bo ar d tester
s h a l l  be p r y y c d e d  Iv, under  T a s k ’  Il . 1 . 1  and

c c n c  the ‘c nn:., , R a d c n  sca r,: F - ‘ e ,  a- ‘cc ’e , , . r ” e s ’ , t er ra -r n a v i~~ n -r eei s
.v n u l e s :  o r  5 v p 5 , a,e , ”F’ ’ .1’,

a , - ‘ ‘d a n . e  ,ct r t’ , te .t ‘ ‘ . co r e ’ p : e a , t ’e
“de s Th’i ‘ - 1 F’ r ’ c . ‘ - ‘r  oF a d c

a a c t s - F i’d r ra f ra a-f o F ‘c ts ar ,’
‘‘s. l he r ca - S oc I’’ ‘ i c’  ‘a , , .  ‘. 1 1 1  a’- :

v . 2 . 2  F - c t  lr e r f a . e

Un - n, F’, , e n e r a  b a d a  P a rC r e n t e r  a’ r e . - :
- p er ’ -r a ‘- Lx ’ sp e c.! ‘F a t s

t o r i . Its ’ ‘r th e ‘- - sr r ’ e ’ ’,a ,e
• , rdan, e wit ~ the te’’ p r ’ . edu t es pre la t e ,:
un .fe’ la ck 1 1 1 Prov, s . r’n n ’ a ,te ~ s . c
a d a p t er and pr o gram— c s .g a - f  r e  b a r d  t e s t e r
sha l l be p r a v ,ied )rr uvd ec T a s k .  1 2 , 1 , 1  and

a. ‘‘l astS, — — — — —
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S ‘SCP Comput er and Per ipher al s

Connec t the ‘4C P computer to the perip herals
keehoird’di sp lay, line printer , m d  sag tape

.,nlt’ u sing the standard cables provided with
r ’ce equipment, Perform the standard “confide ci
d i a g n o s t i c ” so f tua re tents provided sith the
vos cip eent to insure that the computer , pe rip h rain .
‘-4 d abl i ng are ull operat ional prior to them
,rn st all at io n as part of the CU .

8 2 . 0 CU ..wC’0’ Omn tr ,bu tion b ard

Usin g the General Radio board tester an test
equipeest . perforce a high speed static
functional test an the CU Signal Dws t tib o tinn
Soard in accordance with the test procedures
ptmpurs ci cinder Cmii D,3. R . Provision ii a
devic e adapter and progra mm ing on’ the board
tester sh ah be provided for under Tasks 11.1 1
and 11 .2.1.

9 . 2 . 5 Contrt l Pane l

Us ing manua l bench equipment m eters , scopes ,
etc.) , oheckou t and debug the Control Panel i
uccorda n ce v i th the test procedures prepared
under Task 3.l.S.

5 .2 .6 Memory Noard

Using t he General Radio board tester as test
equipment , p e r f o r m  a high speed static functi nd
t est on tin e ‘4eeory Soerd in accordance with
tin, t es t  procedures prepared under Task S .  D . C
Provision of a device adapter and program m ing
of the board tester s hall be provvd.4 for and r
Tas ks 11 1.1 usd 11,2.1.

~1~ — . p..., a ,,,5aja~ — — — — —
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5 . 2 . 1 143 Signal Distribut ios Boar d 1,AJ

Uo ing to0 ‘l.cneral Radio board tester as test
equipment , perform a high speed static
funct ional tes t  on the .11J Signal Distr ibut ion
Boa rd (A) is accordance with the test
procedures prepared usidse Task 5 .3 .5. Pro v ism e
o f a device adapter and programmi ng of the
hoard tester  shall be provided for unde r
Tasks Il.l.l and ll.1. l.

(.2.5 14.1 Si gnal O is tr ibutt o5 Boar4,J,,~~

Using the General Radio board tester ss test
e0iam pme nt , pe rform a high speed static
functi~~n&l test on t Ile ‘Al S i gnal Tistr ibut ion
Bou rd (3) in accordance with the test
procedures prepared ander Task 3.5.6. Provisi n
of a device adapter and programming of the
board tester s h a l l  be provided for under
Tasks Il .l. l and ll. 2.l.

9 , 2 . 3  CU T’ah,net Power System

A fte r cabinet installation of the po ser
supplies , filters , power c a b l e s , ’ bu s barn , and
a ttne r cab l ing/eq uipment  a s s o c i l t e d  nUb the
CU Power Svst I• , per fo rm a Power Sys te m
e lec t r i ca l  tes t  to insure tha t  t he re  are no
“opens ” , “yhorts” on ahscn nn ect ,-’ns and that
a l l  voltages are of the .c rrect value and
properly distributed.

m a  a. .a. n’a. ‘c/hans — — — — —
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6 .2 .10  Cl Cabinet Signal D is t r ibu t ion

After cabinet installation of the signal
distribution wiring and cabling, perforic a
cont m nu it p check to insure that the wire
routing is, in general , correct and that
there are no inadvertent connect ions to the
cabinet power systee . Final correctness of
the signal distribution wiring will be
verified during the “unit leve l ” t e s t s .

8 .1 .11 MU Cabinet Power Systen

After cabinet inlital lation of the power
supplies , filters , power cables/bus bars , and
o t h e r  cab lm n g ’eguipment associated aith the
MU Power System , perform a Power Sy s t e m
“leCtr ic li test to insure that there are no
“opens ”, “shorts ” , or aiscon oections and that
all voltages are of the correct value and
properl y distributed.

5 .1 .12 841) Cabinet Signal Distribution

Af ter cabinet installation of the signal
distribution wi rm n p and cabling, perfornc a
corn t ,nu itn check to insure that the sire a
rou ting is , in general , correc t and that there
are no inadvertent convec tions to the cab ivet
power sys tem.  Final c o r rec tness  of the signal
distribution wiring will be verified during
the “unit lev el” tes ts.

8.2 .13 Cable Set

Perfore a con tinu i t,-  test on the cable set
wiring to insure that there are no ‘ opens ’
“~ hon5n ” ,~ n mwscont,ectioncs-
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S .D 051’? ‘TEST

5.3.1 MCP/HoSt lnter face/b OSl Simulator

In accor dance with the test p lans and
procedures prepared under Tasks 2 .6,2 and
2. 6.3 resp ectivelo . the complete CU hos t
Interface circuitry shall be verified by
eoerci si n g the c lrc u m t r n ‘‘ia the 6 0 5 0  Si ,nulat r
and the MCP . The Most 1n,teaf ace, ’Sim u la tv r
DV’? software provided under Cask 8.1 . 1 sh all
be used for thi s purpose.

5 .3.2 M CP and Slave Controller

In accordance with the test plans and procedu es
prepared under tasks 2.6. 2 and 1,6,3 res pec ti CI ’
verify the functional operation of the con,’bin .2
MCI’ and Slave Controller circuitr y . The Ill,-
Contro ilee DVI software prv vc de d under lash
b .l . 3 shall be used for this purpose.

( . 5 . ?  Cli and 541)

After the CU funct ional ope ration has beenc
verified under Task , 8 . 3 . 1  and a .3,: , per form
a func tion il chechout of the connected Cl
and PAl cabinet s, The Array DV’? itc itware
provided under Task 5,1 .4 shell be used for
thi s p arpose. The tests shall be conducted
in acc o rda nce with the test plans and pro ce lu ci
prepar e d usder Tasks 2,6.2 and 2 ,6.3 vPl p e ct i e ls

C— —- •a. C’ ~~ • — — — — —
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8. 4 SYST~~ TEST

5.4 ,1 Transport to Interim Site

Transpor t  the CU , ‘452 and a s s o c i a t e d  equipment
to an interim 0080 s i te  for sys tem level
init eqrat ion tests , This task shall include
t ”.e yachiating, tr ansportation , and .cnpachagi
cf the equipment at tine interim site.

5.4 .2 Sy stem Integration and C.’O 4/Support Softuar

:~ accor d ance a it h  ‘‘c nest plans a~dprocedures prepar ed cinder Tusks l b .  I und
1 .5 .1 rcsp ect tveiv . set’up, cn t eqrate and
t est the cam p le te de liv er able sustnv tcardsar
at the cn t v rin s/SQ site, Far th i s purpose ,
t~.e Soste’, Con /ideci ce test SCTc ion’tiute
devel oped .c.idet Task 6.3 shall be used .
\CTEa Fine OCT software shall be fully

debugged and verified under this task.)
A lso under th in task , the diagnostic softw ,r
developed under Tasks 6 . 4  and 6 . 5  shal l  be
debugged and verified,

4 .4 .3 S~ stea C/a C/System Softim are

T h is  task is eS sentiall y a support e f f o r t
to nn e System Software debug eifort
.c~ er T’~ sss 5 ,9  1 , 5 . 1 .  m d  S o .  5 .
t t a S  tas k , all final har dw ar e/s of twU re ies c f
.ha— ~ es are to ”r mc cs n p l i s h ed ,  

. pa, .. .,
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5 ,4.4 tn’hl ouie hcceptarnCe Test

In accordance with tine test plans and
procedures prepared cinder tasks 2 .0,2 and
2.6.3 respectively . pecfor. a f inal “ in-house
acceptance test at the interim 6080 site.
Pot this purpose, the System Confidence Tent
software prepared under Task 6.3 shall be
used.
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7.4 SYSTEM SOFTWARE SUBCONTRA CTOR SOW

7.4.1 Scope

This effort has two major objectives. The first is to analyze ECAM perfor-
mance in detail sufficient to allow design improvements , and the second is to
develop the system software necessary to operate the ECAM in the application
environment. This work makes up Task 5 of the Contractor ’s Program Plan.

7 .4 .2  Statement of Work

7 .4.2 . 1 Preliminary System Software Spec (Hone ywell Phase 1. Subtask 5.1)--
The Subcontractor shall prepare a preliminary specification of the ECA M-
res ident software and the requ ired support tools. Th is shall include, but is
not limited to , descriptions of the software for the following functions:

• Master Processor:

- Host Computer Interface

- Query Processing :
Mapping to slave language
Error handling

- Master Memory Management :
Host communication buffers
Slave communication buffers
Slave working storage
Master working storage

- Master E~ ecut ive Functions:
Master processor scheduling and dispatching
Slave processor scheduling and dispatch ing

- ECA M Initialization:

Descriptor table initialization
Data base manager interface

- Multi-User Bookkeeping:
State- saving in master
Match-stack allocation In ECA M
Garbage collection

- Maintenance and Diagnostic Software Interface
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• Host Processor:

- Host I/O Subsystem Modules (e.g. , device drivers)

- Fast I/O Software

- User Job Interface Protocols

The level of specification shall be sufficient to allow timing estimates to be
made as input to the system simulation subtask (5. 2).

In add ition, the Subcontractor shall develop a model of the system user
characteristics as input to the simulation. These shall include, but are not
limited to , the fo llowing:

• Normal and worst-case frequency distributions on:

- Queries
- Updates
- Deletions
- Checkpoint/restart operations

• Query complex ity characterization and distributions

• Record sizes and quantities

Draft documentation of the results of Subtask 5. 1 is required 3 months after
contract award, with final documentation 30 days thereafter.

7 . 4. 2. 2 Simulation and Analysis (Honeywell Phase 1, Subtask 5. 2) --Using the data developed in Subtask 5. 1, together with hardware performance
data provided by the Prime Contractor, the Subcontractor shall conduct a
functional simulation of the ECAM operating in the target environment. The
purpose of this simulation is ident ification of software and hardware prob-
lems early enough so that they may be eliminated. The simulation shall be
conduc ted in detail sufficient to develop usage distribut ions on the follow ing:

• Host I/O subsystem hardware

• ECAM-host interface hardware
• Master- Contro l Processor

• Interpreter

• Iteration Controller

• ECA M array
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During and following the simulations, the Subcontractor shall participate with
the Prime Contractor in the design of improvements to remov e bottlenecks
and to identify areas where system costs may be reduced by changes to the
hardware and to the software ident ified in Subtask 5. 1. This latter activ ity
is expected to involv e design simplificatioris of software and hardware ele-
ment s which prov e to be “overdesigned . ”

The Subcontractor shall participate wit h the Prime Contractor in documenta-
tion and review of the redesign work with the Government to ensure that the
overall program objectives are met .

Completion of this subtask shall be scheduled for a time consistent with the
requirement that detailed specification of hardware and software (Subtasks
2 .2 . 2 , 2 . 2. 3, and 5. 3) be completed 11 and 12 months after contract start ,
respectively.

7 .4 . 2. 3 Software Functional Specifications (Honeywell Phase 1. Subtask 5 . 3)--
The preliminary specifications developed under Subtask 5. 1 shall be revised
to reflect changes made during the simulation task and issued in fina l form.

Drafts of these documents are required 11 months af ter  contract award , with
final  versions 1 month thereafter .

7 .4. 2 . 4 Detailed Software Specifications (Honevwefl Phase 2. Subtask 5 . 4 )  --
Detailed software design specifications shall be prepared for each of the
modules identified in Subtask 5. 3. A n y  substantive changes made to the
modules during the desi gn process shall be evaluated using the funct ional
simulator of Subtask 5. 2.

As a part of the specification , the t iming est imat es of Sub task 5. 1 shall be
reviewed and the effect of any substantial variances shall be determined by
use of the funct ional simulator .

Draft specificat ions shall be completed 16 . 5 months after contract award ,
with f inal  versions 1 month th ereafter.

7.4.2. 5 Software Implementation (Honeywell Phase 2, Subtask 5 .5 )  --
Implementation and unit testing of the modules identified in the design
specification shall be performed on a schedule tha t allow s integration (Sub-
task 5 . 6) to begin 29 months after contract award.

An Implementat ion Plan showing the Subcontractor ’ s approach to structuring
the code , incorporating requirement s changes , unit testing , and software
configuration contro l shall be provided to the Prime Contractor 1 month after
beginning this task. A list of intermediate milestones shall be developed and
mutually agreed upon by Prime and Subcontractor at this point also .
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7 . 4. 2. 6 Software Integrat ion and Test -- The modules which make up the
ECA M system software shall be integrated and tested according to a Test Plan
submitted by the Subcontractor.

The Subcontractor shall deliver a Softw are Acceptance Test Plan 29 months
after contract award and shall complete his testing 4 months thereafter. A
system software acceptance test will be conducted by the Prime Contractor
approximately 33. 5 months after contract award.

7 . 4 . 2. 7 Software Documentation (Honeywell Phase 2, Subtask 5. 7) -- The
software developed under Subtask 5. 6 shall be documented according to stan-
dards to be determined (TBD) . Final docume ntation is to be complete at the

— time of the acceptance tests.

7 .4 . 3  Furnished Equipment and Facilities

A Softwar e Development Facility (SDF) containing the master minicomputer
and TBD peri pherals will be made available at the Subcontractor ’ s site during
the period of Subtasks 5. 5 and 5. 5.

TBD hours of computer time on the host or on an equivalent machine will also
be made available by the Prime Contractor or will be GFE during Subtask 5. 5.

Subtask 5. 6 (Integration) will be performed on-site at the Government’s
facility or , if security requirement s pr event this , the work will be performed
at a site which includes a machine identical to the ultimate host in all major
respects.



METIJC SYSTDI

BASE UNTTS:

Quantity Unit SI Symbol Formula

length metre m
mass kilogram kg
tim. second a
electric current ampere A
thermodynamic temp.rstwe kelvin K
amount of substanc, mole mol
luminous intinhity candela cd

SUPPLEMENTARY UNITS:
plan, angl. radian rad
solid angle steradian si

owvu) uNrrs:
Acceleration metre per second squ..red .

act ivity lof a radioactive source) disintegration per second (diaintegratiOfl)II
angular acceleration radian per second squared radis
angular velocity radian per second radii
area square metre m
density ki logram per cubic metre kim
electric capacitance farad F A.s/V
electrical conductance Siemens — S AN
electric field strength volt per metre V m
electric inductance henry H V s~Aelectric potential difference volt V ‘.“ Aelectric resistance ohm V A
electromotive force volt V W A
energy oule I Nm
entropy oule per ke lv in . H’.
force newton N kg-m i.
frequency hertz Hz )cycla)is
illuminance lux lx m u m
luminance candela per square metre cdim
luminous flux lumen rn cd-sr
magnetic field strength ampere per metre A/m
magnetic flux weber Wb V-s
magnetic flux density tesla T Wb’m
magnetomotive force ampere A . -

power watt W Ii
pressure pascal Pa N m
quantit~ of electricity coulomb A-s
quantity of host joule I Nm
radiant intensity wa t t per sterad ien W - sr
specific heat jou le per kilogram-kelvin 1k g-K
StreSS pascal Pa N-rn
thermal conductivity watt per met re-kelvin W m•K
ve locity metre p.r second mj i
viscosity, dynamic pascal-second P.s
viscosity, kinematic square metre per second rn-s
vo ltage volt V ‘i’. A

vo lume cubic metre in
wavenurnbet reciprocal metre (weve)Im
wor k joule I N-rn

SI PR~~~~ES:

Multiplui.ation Factors PrefIs SI Symbol

l000 000 000 000 — In” t i r e
1 1)00 0(10 000 = 10’ gigs

l 000 00 0 e l O e  meg. M
1 000 • 10’ kilo

100 - 10’ h.cto’ h
10= 10’ deka’ di
01  = 7 0 ’  d.c1 J

001 = 1 0 ’  ,entI c
000 1 • 10 ’  milli m

11 004) 001 - 1 0 ’  mluo
0 000 04)0 001 - l0~~ nine n

0 000 (XX) (104) 001 • 10 ‘~ pIca
0 000 000 000 000 001 - 1 0 ”  ~emtO

11000 000 000 000 (100001 • 10- ” sIlo

To be syoldid wbste possible.
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M ISSION
• of

Rome Air Development Center

RAX pla ns and conducts research , exploratory and advanced
developnen t pro grams in co~tunaxtd , c c ,  and cotir wucat ions
(C3) activities, and in the C3 areas of inf orma t~iot~ sciences
and intelligence. The principal technica l miss ion areas

are co)mnwu cations , electroiria gnet.l c guidan ce a.nd control ,
surveillance of ground and aerospace objects , intelligence
da ta collection and handl ing, inf ormat ion system t.chnology ,
ionospheric propagation1 solid state sciences , microwave

• p hysics and electroni c relia bility, aaint aina.bil.it9 and
compatibility.
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MISSION
of

Rome Air Development Center

4

RAX plans and conducts research , exploratory and advanced
developu ent programs in coeeaand, control , and ccasmanications
(C3) activities, and in the C3 areas of inf ox ~nmtior~ sciences
and intelligence. The principal techni cal mission areas

F are congnunications, electromagnetic guidance and control,
surveillance of ground and aerospace objects, intelligence
data collection and handling, inf ormation syat es technology,
ionospheric prop agati on, solid state sciences, microwave
phys ics and electronic reliability, maintainabilit9 and
compa tibility.
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