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Physical Form of Information Submitted. MSFC Administrative Regulation 25-9 

outlines the procedures for submission of documentation to the MSFC Central 

Repository. Acceptable media are: 

• Drawings and Associated Documents 

1. Original vellum 

2. Aperture cards 

3. Microfilm roll 

4. Black and white vellum reproducible 

5. Hard copy black line 

• Reports, Manuals, Specifications, etc. 

1. Original manuscript. 

2. Black and white vellum re'producibles 

3. Printed copy, black line 

4. Microfiche 

5.2.1.2 Processing Functions. This portion discusses the user requirements 

imposed on the processing function or storage/retrieval system operation. The user 

is concerned with three main attributes of the processing function .. 

• Response time of "function" 

• Accessibility of data/information 

• File updating (currency of information) 

The above three points are very important. The degree of user confidenc~ that a 

repository can adequately meet the requirements inthe above areas determines the 

extent to which he uses the service. If users are not satisfied with response times, 

cannot find data in the file, or are deluged with out-of-date material, then small 

private file stores will build up and eventually annul the benefits of a central repository. 

Response Time Requirements. This is a very subjective area of discussion. Some 

engineering personnel feel they need repository material immediately while others 

are willing to accept longer response times. Project schedules and tight deadlines do, 

of course, sometimes force data requests to have high priorities. 
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To provide a system that is as flexible as possible and that is responsive to the needs 

of its users, two modes of requests should be honored: normal response and high 

priority response. 

To match these two desired modes of response, the central repository maintains a 

24-br response for small requests (five documents or less). Requests for large quan­

tities of data (either many single sheet items or one document having many pages) 

may take 36 to 48 hr or longer depending on the workload of the printing facilities 

required. 

Direct acquisition of copies of documents from satellite microfilm files is possible if 

the user has an urgent need for the data. , The ap'erture carqs may be retrieved by 

repository personnel and the user may view and/or copy the document if desired. 

Mode of document delivery also affects system response time. Various methods of 

transmitting the document are available such as the following: 

• Call when·ready 

• Will pick up 

• Delivery 

• Mail 

Accessibility of Information. This topic is the heart of a document retrieval system. 

The user must first know what is in the data base and secondly be able to ask for it in 

terms of his goal. There is a major difference between a document retrieval system 

and an information retrieval system. It must be recognized that the repository is 

primarily a clearing house for documents and therefore is a document retrieval system. 

Its mission does not include providing information from the documents it handles, but 

rather providing the documents themselves. 

Engineering design activities are functionally oriented: for example, an engineer may 

be given the task of designing a relay or a motor. The topic of indexing and 'how to 

·find out what is in the file relevant to his s~cific task will be ,discussed at length in 

~he next sections of this report and in the section on retrieval of design data. 
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User requirements for data accessibility will be divided into three areas. 

.• Physical accessibility 

• Procedural accessibility 

• Document content accessibility 

To meet the needs of physical accessibility the Repository files should be physically 

located near the user. To this end the Repository has provided one main work order 

desk at MSFC and five satellite work order desks - four located at MSFC and one in 

downtown Huntsville, chiefly for Boeing/Chrysler use. 

Procedural accessibility deals with the various methods of requesting services. Two 

main classes exist here, namely automatic (regular distribution) and individual 

(request). In the automatic mode of distribution, lists of addresses keyed to document 

types are predetermined by laboratory, stage, or project management. Entry of these 

documents into the Repository automatically triggers the reproduction and distribution 

of the required data. 

Individual requests may be entered by phone, m~il, or in-person via MSFC Form 433. 

Document content accessibility is presently limited to document number and revision. 

There are master index lists (by document number) that are located at each Repository 

work order desk to enable the user to determine whether a given document number is in 

the file. This index also contains a description of the doclllll:ent. 

File Updating. A file, to be useful, must contain current information. There must be 

a minimal time lag between entry of data into the Repository and the capability to with­

draw that data. The specifications for the variety of hardware used to expose, process, 

index/ code, duplicate, and store the documentation are· known but no statistics are 

currently available on cycle time (entry to storage)for typical packages of data. I 

Unless superceded data are periodically purged from the file, the data base will con­

tinue to expand in size and response time (search time)· will become longer. All 

associated support activities such as the preparation of new index lists and automatic 

distribution activities will also increase. To keep the overhead support under control, 
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some sche·me of file purge or relegating data to "history" files must be implemented. 

If the latest revision of a drawing is E, ~for example, it would not be desirable to main­

tain Rev. A on immediate access files (assuming, of course, that Rev. A is truly his­

tory and not being used in some current model of hardware). 

The Central Repository scheme for file purging depends entirely on the contractor. 

Each contractor is asked periodically if certain documentation has been superceded 

and if so the data are transferred to the supply warehouse and ~nactive files. 

5.2.1.3 Output. This section discusses the characteristics of the material that is 

output from the Central Repository. The method of discussion covers the same build­

ing blocks as the input section, namely: who receives the information, what kind of 

data is withdrawn from the files, the rates of output, and the physical form of the 

output material. 

Recipient of Information. As in the case of input material, there are many groups 

of personnel receiving data from the files. The Cost Center Usage Report for October 

1967 shows that 325 separate groups (cost centers) within the several. laboratories at 

MSFC and other NASA centers or facilities requested material from the Repository. 

Contractor usage statistics are reflected in MSFC Industrial Operation usage statistics. 

Types of Information. MSFC Form 433 is used for requesting documentation from the 

Repository. The different tyPes of information as enumerated on the Form 433 is as 
• ! -·t .. 

follows: 

1. Drawings 

2. Engineering Orders (EOs) 

3. Parts ,Lists 

4. Specifications 

5. ,Reports 

6. Interfac,e" Control Documentation (leD) 

7,. Interf~ceRevision Notice (lRN) 

8. Documentation Release Lists (DR'L) or Engineering Asse,mbly Parts Lists 

(EAPLs) 
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Note that the requests (Form 433) are really for documents, not information per se. 

Exactly what information is extracted from these documents to accomplish the users' 

task has not been examined bec&use that information is not available from the 

Form 433. 

5.2.1. 4 Rates of Output. MSFC is subdivided into two main groups - Research and 

Development (in-house government personnel) and Industrial Operations (contractor 

interface). These groups are commonly referred to as R&D and 10. The cost center 

usage report for October 1967 shows the usage rates for the R&D and 10 classifications. 

The item "JCP Unit" means the area of one 8-1/2 in. x 11 in. sheet of paper. Draw­

ings, for example, may contain several JCP units. Table 5-1 provides a typical 

summary of usage. 

Table 5-1 

SUMMARY OF R&D AND 10 USAGE 

User Activity October September April - October 
(This Month) (Last Month) (Year to Date) 

Documents 46,639 44,139 421,762 

R&D JCP Units 956,774 1,548,390 8,948,331 

Cards Handled 712,147 506,152 3,574,972 

Documents 18,893 19,290 180,133 
10 JCP Units 1,099,577 920,322 6,632,853 

Cards Handled 767,977 353,475 2,097,300 

R&D Documents 65,532 63,429 .601,895 

and JCP Units 2,056,351 2,468,712 15,581,184 
10 Cards Handled 1,480,124 859,627 5,672,272 

Figure 5-3 shows the total output for the period FY 1961- FY 1967. 

As a final example of output rates, a tabulation of the six most active requestors for 

the month of October 1967 is shown in Table 5-2. 
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Table 5-2 

SIX MOST ACTIVE REQUESTORS - OCTOBER 1967 

Order Documents JCP Units Cards Handled 
of Cost Cost Cost 

Usage Center 
Group Number Center 

Group Number Center 
Group Number 

1 2000 R&D 24.5k 8501 Industrial 831.7k 8501 Industrial 676.2k 

Operations Operations Operations 

2 8501 Industrial 15.0k 2000 R&D 271.5k 6432 Quality 362.4k 

Operations Operations Laboratory 

Systems 

Analysis 

3 5000 P&VE 3.2k 5000 P&VE 205.7k 5001 P&VE Lab. 103.2k 

Laboratory Laboratory Director 

4· 3311 Planning and 2.7k 9520 SAT V 121.6k 5102 P & VE Vehicle 90.7k 

Engineering Systems Eng. Systems 

5 1261 Facilitie~ and 2.2k 2920 KSC Launch 79.6k 9100 Contracts 81.8k 

Design Support Office 

6 5134 P & VE Systems 1.9k 1261 Facilities and 34.2k 8001 Test 39.7k 

Design DesigIi Laboratory 

Director 



5.2. 1. 5 Physical Forms of Output Material. There are three basic physical media 

output from the Central Repository: 

• Hard copy (paper) 

• Microfilm aperture card .. 

• Microfilm roll 

All data contained in the file may' be reproduced on paper.. This is the main output 

mode for the repository. Some users may request and receive duplicard distribution 

as an output, ,i. e., duplicate decks of microfilm aperture cards. A positive micro­

film is sent to the Archives for all data input to the Repository. 

5.2.2 Projected Usage 

This section discusses anticipated future usage of the Document Repository/.. 

Engineering Release Center Operation. There are two different assumptions that 

might be made rel~tive to the mode of Repository operation at MSFC. 

e Continue the present mode 

• Augment the engineering design/document retrieved operation with on~line 

consoles 

5.2.2.1 Present Mode of Operation. Under the first assumption above, the type of 

data handled, the user population, and physical media of input are expected to remain 

the same. New subject matter ~ll of course be created; the Apollo Appli~ation 

Program (AAP) is an example. New contr~ctors will begin to use the Repository;' 

the Martin Company, for example, will now be a prime input source for. AAP material. 
, , , 

Because of random flu~tuatiollS' Jt is difficult to extrapoiate. past Repository usage to 

arrive at a meaningful projected rate. 

In the effort to project usage of the Repository /Engineering'Release activity at MSFC 

reference was made to "1968 NASA Authorizations," hearings before the Subcommittee 

of Science and Astronautics, U.S. House of Representatives, March 14'to 16, 20 and 

21, 1967. Several statistics from those hearings were used for predicting ,a projected 

activity rate. The follOwing illustration- (Fig. 5-4) was extracted from the hearings. 
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The Research and Development appropriation increase for MSFC for FY 1968 is 4.3 

percent. This increase should cause a corresponding increase in the documentation 

activity of MSFC. 

I 
Figure 5-5 shows the AAP documentation for the period June 1967 to October 1967 

as processed by the Engineering Release Center. 

The AAP is one· of the major next generation efforts of MSFC and should produce a 

large volume of engineering documentation. The fluctuating statistics for the AAP­

released documentation is an indication of the problem of predicting the rate of 

activity for the Engineering Release/Repository operation. 

5.2.2.2 Graphic System in Operation. For the next few years it is forseen that the 

computer graphics design effort will have a small impact on the total volume of 

activity of the Repository and Release Center. The effect of this innovation will be 

felt more in the way documents are retrieved. 
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5.3 STORAGE AND RETRIEVAL SYSTEMS 

The previous portion of this studY.examinedthe MSFC user requirements with respect 

to data input to ~ processing within, and output of m~terial from the Central Repository. 

This section will discus s the following storage and retrieval systsms at MSFC: 

• The' Central Repository 

• Engineering Release Center 

• The Saturn V Operational Display System 

• The A'mpex Videofile System 

This investigation is reported because, before system integration or modification can 

be suggested, an understanding must be attained of what is presently in being at MSFC. 

5.3. 1 Central Repository Operation 

This paragraph de~cribes the function of the "black box" (Central Repository). 

Paragraph 5.2, User Requirements, defined what data was input to and output from the 

function and those few constraints imposed by the user on the operations within the 

box. The specific data flow within and the attributes of the function will be reviewed. 

The following items will be covered: 

• Documentation flow 

• File structure 

• Configuration of facilities 

• Operating procedures/forms 

• File storage media 

5.3.1. 1 Documentation Flow. Figure 5-6 shows the documentation flow within the 

Central Repository. This flowchart is self-explanatory and shows clearly the internal 

operations performed by the Repository personnel. In summary, there are six oper­

ations performed by the Repository, namely: 
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Fig. 5- G Documentation Flow 
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• Photographing 

• Indexing/Coding 

• Duplicating 

G Retrieving 

o Processing 

o storing 

5. 3. 1. 2 File Structure. There are two main clas ses of documents retained by the 

document Repository: Class I - those documents originated by the government follow­

ing standardized formats and bearing numbers controlled by the government, and 

Class II - those documents originated by participating contractors and having number­

ing systems managed by the contractor. 

The numbering system for Class I documents uses eight characters. The first two 

specify the Government organization at MSFC that originated the document, the third 

denotes the NASA center (constant M for MSFC) and the last five are the serial num­

ber of the specific document. Contractors are sometimes requested to supply Class I 

type documentation and in those cases the first three digits are 6XY, where the X can 

be 0, 5, or 6 and the Y can (for example) be B or C (Boeing or Chrysler). 

Following is an example of the numbering scheme for the internal MSFC organizations. 

Drawing Prefix 

10M 
20M 
30M 
40M 
50M 
80M 
90M 

Organization. Code 

R-P&VE-VV 
R-P&VE-P 
R-P&VE-S 
R-ASTR-E 
R-ASTR-M 
R-AERO-E 
R-TEST-D 

The numbering scheme is more detailed than indicated in the above example; the intent 
,. 

of the example is to depict the general indexing scheme used by in-house MSFC . 

organi zations. 
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Technical documentation other than drawings (i. e., procedures t specifications t and 

standards) originated by MSFC organizations has the following indexing scheme. 

Subject 

Procedures 
Spe cifications 
Standards (Book form) 
Standards (Sheet form) 

Prefix 

MSFC-PROC-(OOO) 
MSFC-SPEC-(OOO) 
MSFC-STD-(O.OO) 
MC-(OOO) 

Class II documents have contractor-managed numbering schemes. There has been 

no attempt to standardize the indexing schemes originated by the several contractors; 

further, in filing and indexing Class II documents, the Repository does not apply any 

additional index numbers over and above the contractor index. 

The Repository files all drawings and associated documentation (both Class I and ll) in 

numerical sequence by vehicle stage within major categories such as S-IC, S-IVB, etc. 

Specifications, standards and reports are indexed by numerical sequence and originator 

such as MSFC t contractor, etc. 

The present size of the files are as follows: 

File Type 

Drawings (Aperture Cards) 
Reports 
Specifications 
Hard Copy Vellum Drawings 
Inactive File (Aperture Cards) 

(Warehouse - Building 7207) 

Size 

2.5 million 
6,000. 

30,000. 
100,000. 
1.5 million 

5.3.1.3 Configuration of Facilities. Facilities of the Central Repository activity are 

located both at MSFC and in downtown Huntsville. 

The main repository operation is located at Building 4494 MSFC. Activities at that 

loc"ation are receiving, inspecting, photographing, reproducing, and filing. The main 

Work Order Desk is also located there. 
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The Huntsville Industrial Center (HIC building) is located near downtown HWltsville 

and performs the Repository operations of microfilming, producing duplicard, and 

filing. 

The main reports and specifications file, the Master Microfilm File, and a Microfilm 

Satellite File (mainly for use by Boeing and Chrysler) are maintained at the HIC 

Building. 

There are four other satellite files located on MSFC in addition to the main file 

(Bldg 4494) and the HIC Building. Their locations are as follows: 

• Test Laboratory - Building 4666 

• P&VE Laboratory (2) - Building 4881 

• Astrionics Laboratory - Building T-12 (Trailer) 

There are two other facilities that contain Repository documentation, e. g., Classified 

storage, Bldg 8497 MSFC, and Supply Warehouse and Inactive Files, Bldg 7207 MSFC. 

The backup/disaster files are located at the National Archives in Atlanta, Georgia. 

Positive roll microfilm is provided to the Archives for all material entered into the 

master Repository files. 

There are at least 200 items of hardware used in the internal ope.rations of the Central 

Repository. A partial list of the major types with some of their characteristics follows 

Item 

Card punch 

Card to card printer 

Reader /printer 

Collator 

Semiautomatic mounter 
(microfilm onto aperture cards) 

Card interpreter 

Contact printer 

Description 

Model 026 

Model 041, 2000 cards/hour 

3M and other models 

Model 189, 650 cards/minute 

3000 cards per day 

Model 557, 6000 cards/hour 

40 x 60 inch size capability 
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Item 

Electrostatic copy machine 

Flat bed copy camera 

Offset master generator 

Offset press 

Diazo reproducer 

Automatic drawing folder 

Microfilm camera 

Rotary' aperture card file s 

IBM 1401 Computer 

Files (general) 

Microfiche reader/printer 

Description 

180 masters per hour 

42 inches wide capability 

45 x 63 inches maximum drawing size 

Reduction ratio variable12x to 36x 

Diebold-200 to 400K capacity 

R~mington Rand 

Index list preparation master magnetic 
tape index generation 

Map, letter size, shelf, etc. 

5.3.1.4 Operating .Procedures/Forms. These items are MSFC administrative 

regulations and procedu'res that define the operations of the Central Repository. They 

are: 

MSFC 25-9 - Input of Documentation to the MSFC Central Repository 

MSFC 25-2 - Requests for Documentation From the MSFC Central Repository 

Figures 5-7 'and 5-8 are, respectively, "Document Input Record," MSFC Form 2896, 

and "Request for Documentation," MSFC Form 433. 

Another important item of user control documentation is the "Distribution Data 

Acquisition List," MSFC Form 2598. (See Fig. 5-9 . .)' This describes the procedure 

to be followed by project, laboratory, or stage managers to establish automatic 

distribution lists. 
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SUBMITTAL DESCRIPTION: 

CD 

MSFC FORM 2896 AND INSTRUCTIONS 
FOR COMPLETING IT 

DOC 'U MEN T ~ I'N PUT R E COR 0 
CONTROL NUMBER: 

G) 

MSFC 25-9 
ANNEX B 

DATE SUBMITTED: 

0 
SUBMITTING ORGANIZATION: PERFORMING ACTIVITY AND/OR SUBMITTAL AUTHORITY: RELEASING AUTHORITY: 

CONTRACT NUMBER: 

0 0 0 0 
SPECIAL INSTRUCTIONS: 

0 
SUBMITTAL INCLUDES: 

\,~ 
0) ~ 

~~ 
C; 

TO BE COMPLETED BY MSFC CENTRAL REPOSITORY AND A COPY RETURNED TO SENDER 
~ECEIVED BY: DATE RECEIVED: WORK ORDER NUMBER: 

@ @ @ 
MSFC Form 2896 (March 1967) 

BLOCK NUMBER 

o 
G) 

o 
o o 

TYPE OF INFORMATION OR EXPLANATION 

Identification of the material being submitted (example - MSFC Drawing package. 
Apollo ICD. or 67-FMP2 AS~501 "Joint Oper. Traj.") 

Any identification number utilized by the submitting organization (example - Release 
Package Number. Documents Requirements List, line item number. etc.) 

S elf- explanatory 

Office of origin or office of control 

Performing activity code as defined in Annex E of Volume II of the Financial 
Management Handbook. or Contract Number if a contractor submittal 

Reference document that directs or authorizes the submittal of data to the repository, 
(example - MSFC Drafting Manual, Engineering Bulletin. Program Directive No.6 
from 1- V. Appropriate Contractual Data Submittal Document, etc.) 

For Class 1 Documentation of R&D Operations Organizations only. Enter in this 
block the official release authority 

Any special handling or distribution requirements 

Complete identification and quantity of data submitted 

To be completed by MSFC Central Repository' 

Fig. 5-7 Sample of MSFC Form 2896 - Document Input Record 
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5.3.1.5 File Storage Media. There. are two basic forms of storage media employed 

by the Document Repository: 

• Mic~ofilm - 90 percent of storage 

• Vellum/hardcopy - 10 percent of storage 

Within the class of microfilm storage there are actually three physical forms: 

• Aperture cards 

• Microfiche 

• 35 mm roll microfilm (positive and negative) 

The microfilm files located at the main work order desk and the several working files 

located at the Satellite File Stations are in aperture card form (standard mM cards 

with 35 mm microfilm attached). Microfiche storage is used primarily for reports 

and specifications. Positive 35 mm roll microfilm is provided to the National Archives 

GSA Atlanta, Georgia, for the permanent historical records. 

5. 3.~ 2 Engineering Release Center 

The Engineering Release Center is an i~portant contributor to the Central Repository 

data base •. All official engineering documentation originated by in-house MSFC person­

nel must pass through the release center operation cycle. Some contractors also gen­

erate Class I documentation that is release center controlled - Boeing and Chrysler 

are prime examples. 

5.3. 2. 1 Release Center Operation. The MSFC documentation release system and its 

associated, adjacent operational organizations are depicted graphically in Fig. 5-:10. 

The MSFC design groups within the various laboratories prepare engineering drawings, 

Engineering Orders (EOs), Documentation Release Lists (DRLs), Engineering Parts 

Lists (EPLs), specifications, standards, procedures, etc., which are approved 

technically within their respective organizations, and then forwarded to R-P&VE-VSD 

branch of the PropulSion and Vehicle Engit;teering Laboratory foroffici~l release~ 

Working groups and panels prepare other documentation, such as interface control 
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documents (ICDs), ICD input forms, and interface revision notices (IRNs), which, 

after review and approval by the appropriate Change Control Board (CCB), are also 

forwarded for release. All such documentation enters the release system at the 

release clerk's desk in R-P&VE-V, where the documentation record is posted and 

maintained. Engineering documents - DRLs, drawings, EPLs, and EOs - are then 

checked for technical accuracy, adequacy, and conformance to all MSFC require­

ments. Following checking, those documents which lend themselves to a computerized 

operation - DRLs, EPLs, EOs, ICD input forms, IRNs, etc. - are forwarded to the 

Computation Laboratory for keypunching and processing by computer programs. 

standard edits are programmed to prevent the entry of erroneous data into the com­

puter data base. If an error is detected, the input will be rejected automatically with 

the reason given for its rejection. If all programmed edits are satisfied, a computer­

prepared document (output) is furnished, which is.the basis for reports such as Release 

Records, Engineering Master Parts Lists (EM,PL), ICD logs, etc. The, computer­

prepared output documents are checked against the original input forms for keypunch 

errors by the release center. The reports are forwarded to Field Printing, where they 

are reproduced in sUfficient copies to meet the requirements of the various user organ­

izations at MSFC, other NASA centers, and contractor locations. Distribution is the 

responsibility of the Documentation Repository. The repository reproduces as much 

as it can of the computer-prepared output documents it distributes. 

The automated portion of the reporting system, by using the data processing capabilities 

of the Computation Laboratory, provides many needed services which cannot easily be 

obtained from an entirely manual system. Some of these services are: 

• More rigid and standard edits 

• Greater speed of reporting 

• Greater variety of reports 

• Ease of data search and identification 

• Generation breakdowns on main assemblies 

• Engineering master parts lists 
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5.3. 2. 2 Computer Support to Release Center. Several computer programs are in 

existence at the Computation Laboratory to support the release center operation. The 

following list contains a description of the computer-prepared publications within the 

Engineering Documentation Accounting System. 

Advance Release. This publication is a complete listing of Advance Release Documenta­

tion Release Lists (DRLs), Documentation Release List and Engineering Parts Lists 

(DRL/EPLs), and Engineering Orders (EOs) applicable to Saturn I, Block II Vehicles 

Saturn IB Vehicles, and Saturn V, S-IC Stages. The information listed in the report 

is obtained directly from advance release documents. 

Official Release. This publication is a complete listing of Documentation Release 

Lists (DRLs), Documentation Release List, and Engineering Parts List (DRL/EPLs), 

and Engineering Orders (EOs) applicable to the Saturn IB program. The' information 

listed in the report is obtained directly from the officially released documents. 

Engineering Report. This publication is a complete listing in alphanumeric sequence. 

of parts, drawings, specifications, and other engineering documentation applicable to 

Saturn IB program and Test Instrument Units. The information listed in this report 

is obtained from officially released Documentation Release Lists (DRLs), Documenta­

tion Release List and Engineering Parts Lists (DRL/EPLs), and Engineering Orders 

(EOs) • 

Generation Breakdown (GB). This publication lists all parts officially released to 

define a given assembly for a specific effectivity in generic (Christmas Tree) form. 

It is published automatically in conjunction with a GB Cross Reference Index. Both 

are published on request; the specific assembly and effectivity to be generated are 

supplied by the requestor. The GB Index is an index of all parts called for in a given 

GB, listed in alphanumeric sequence. The GB Index also supplies the total numbers 

of each component required for the end assembly generated. 
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Saturn Interface Control Document Log., This publication is a listing, in alphanumeric 

sequence by effectivity, of Saturn interface documents and change documents released 

and scheduled to be released for Saturn I, Saturn IB, and Saturn V vehicles. The in­

formation listed in the report is obtained from the Interface Control Document Log 

Input Form submitted to the Engineering Records Unit by the responsib~e Interface 

Working Group. 

Apollo Interface Control Document Log. This log is published for NASA Headquarters 

by MSFC and ,is a listing, in alphanumeric sequency by effectivity, of Apollo Interface 

documents and revisions released and scheduled to be released for Saturn IB,and 

Saturn V vehicles with respect to Apollo. The information listed in the report is ob­

tained from Interface Control Document Log Input Forms (MSDC Form 2053, Rev. 

January 1966) submitted to MSFC by the responsible Interface Panels. 

Configuration Management Accounting System. This system of programs use s as input 

the Configuration Management Accounting Base Data Input Form (MSFC-Form 2572), 

the Engineering Change Proposal Input Form (MSFC Form~2573), the Installation 

Notice Card (l\I,SFC Form 2490) and Configilration Control Boarp Directives ~ ~here 

are two main output reports, the Configuration Identification Index and the Modification 

Status Report. 

5. 3. 3 Saturn V Operational Display Checkout System 

The operati,on of the Saturn y Operational DisplayCh~ckout Syste~ is ou~li~ed. 

This system is of interest because of ,the. techniques it u,ses to retrieve 35 ~ni film 

data. 

The present system at MSFC Astrio~cs Laboratory and Quality Laqora~ory is con- " 

figured as follows: ' Remote ,consoles, are connected to ~ Computer, Control Company 

(CCC) data processor (DDP-224) by~ean~ of a Central Logic Unit, (built by Sanders 

Associates). The DDP-224 processor is further connected via a hardware/software 

data link to an RCA-110A computer which is in turn is connected to the Saturn V 
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fWlction to be checked out. There is a 35 mm slide holder capable of holding 256 

slides located in the central logi,c unit. Provision has been made for expansion to 

include a second slide bank at a future time. 

Each operator console has multiple fWlction buttons and an alphanumeric keyboard. 

Each operator may select anyone 'of the 256 slides directly from his console 0 The 

slide holder is activated by the DDP-224 by software command and positioned to the 

desired slide. ' A high resolution video subsystem (945 scan lines to the inch) then 

transmits the contents of the slide to a cathode ray tube in the operator's console. 

In this manual mode of operation, the operator must know the number of the slide of 

interest. The slide may contain any item of information that the vehicle checkout 

engineer may need such as; tabulated lists, standards or circuit diagrams. The 

RCA-ll0A computer can also select slides automatically. If, for example, a certain 

checkout test procedure yields results in a range pre-determined as marginal the 

computer can automatically display the corresponding slide to an operator's console. 

The Saturn V Display System is an example of an on-line real-time retrieval scheme 

in which both manual and automatic selection of slides are available. The file size 

(256 slides) is admittedly small but, with new, computer-addressable microfilm hard­

ware, an on-line retrieval scheme is quite feasible. Its obvious weakness is in the 

means of selection of the slide, which assumes that the user knows the relationship 

between slide contents and location in the slide file. 

5.3.4 Mass Graphic Storage System (Ampex Videofile) 

Approximately two years ago MSFC obtained a Mass Graphic Storage System, a 

system more commonly known as a Videofile. 

The unit is located at the Brown Engineering facility at HWltsville and was procured to 

support PRINCE (Parts Reliability Information Center) and APIC (Apollo Parts 

Information Center). 
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The unit converts hardcopy into a videotape recording, and adds index coding to the 

video tape to facilitate retrieval. Available information on parts reliability maintained 

in the above-mentioned information centers is as follows: inspection reports, failure 

reports, environmental test reports, material and process reports, etc. These 
I 

previously mentioned information centers have no interface to the Central Repository 

or Engineering Release Center operation of MSFC. There is, however, some overlap 

in the information 'stored in the two facilities. 

The Videofile system is currently a developmental effort and consequently no file 

(data) conversion, from the existing manual scheme to the video tape recording, has 

taken place. As a result, no operating statistics are available. The system is rated 

as capable of driving up to twenty remote consoles, but in this initial configuration 

only the main input/output console is being used. 

Further detail on this system will be found in Para. 5. 5. 2. 3. This unit will be mod­

ified with a higher resolution camera. 
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5.4 RECOMMENDATION 

5.4. 1 Engineering Design Data Retrieval - An Overview 

If not only the problem of design data but also that of control of the entire cycle of 

design, procurement, and manufacturing (or assembly) is considered, the MSFC 

activity lends itself to what is generally called a product-oriented data-base system. 

In this overall structure, the design data would have a natural place. 

Attention is focused on this concept because, as is well known, engineering design 

does not terminate with the original releases. It has been estimated that, at LMSC, 

a major portion of the design activity takes the form of changes. These changes in 

an established design structure must be reflected in activity in procurement and 

configuration control, changes in testing and inspection procedures, alterations. of 

the drawing structure, etc. and this interdependence clearly calls for a rapid and 

convenient access to all these related and affected d ..... .ta. 

The product-oriented data-base system would contain, for example, all the technical 

information about the Voyager project as it relates to MSFC; that is, the "product" 

will be the sequence of Voyager spacecraft. The data-base would include the com­

plete assembly/component structure for the vehicle (each assembly defined in terms 

of its next-lower-order assemblies and so on down to the part level) complete with 

tolerances, inspection attributes, pointers to related drawings and to descriptions 

of components, pointers to related specifications, procedures, and manuals, etc. It 

would also contain schedule/status data, usage data (the assemblies using and drawings 

specifying or defining a named component), a map of the drawing structure, etc. 

From this extensive and constantly updated data bank, specialized programs would 

provide answers to questions posed by the functions of design, procurement and ip­

ventory control, assembly (configuration control, status, etc.), and product assur­

ance (at all levels between part and end-item test and checkout). 

This data-base system would be an ambitious project but it is .now both technically 

feasible and economically justifiable. Its design is beyond the scope of this study, 
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but its potential advantages indicate a strong' possibility that such an approach may 

be realized by MSFC within the next few years. The storage and retrieval system 

specified in this section would constitute a major part of such an overall data base 

system. 

There are two storage and retrieval problems within the scope of this study. The 

first, which is the' subject of the system design, is the large-Bcale problem of dealing 

with engineering information at the stage of completed, formal "packages" of drawings, 

specifications, test and inspection procedures, etc. This system does not assume 

that all or even a large part of its end-item data is in computer storage. What is 

retrievable at the computer console is the identification and location of the data, and 

a description of how one package. of data relates to others. This problem was 

selected for study at this time because it seems probable that the second problem, 

dealing with the retrieval of machine-readabl~ information to be used in the on-line 

creation of a design, is neither well·defined nor acute at this time. The second 

problem will, however, be the subject of discussion. 

5.4.2 Concept,s for a Program to Retrieve En~ineering Design Information 

5.4. 2. 1 Introduction. There are two fundamental modes of retrieval of recorded 

information. The first might be called document reference retrievai, and consists 

of identifying a document (a book, drawing, etc.) which contains the needed informa­

tion. To select a set small enough to be scanned from the set of documents to be 

searched, search keys such as titles, authors, contract numbers, and drawing 

number's ~re used. 

The second mode is the retrieval of appropriate documents by reference to their 

content. The search keys used here depend on relationships of one kind or another. 

This might be the relationship of a document content to a standard index/search 

term vocabulary, the relationship of the document to an arbitrary description of lmow­

ledge (e. g., the Dewey Decimal System), the relationship of the document to other 

documents, etc. 
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The first and second modes differ in several ways. The first demands more special­

ized information about the document, the second about the retrieval system itself. 

The first is oriented toward finding a particular document, the second toward the 

desired information independent of its representation. They are not, however, 

mutually exclusive; in fact, the more powerful retrieval systems use both modes of 

operation. 

Traditionally, in engineering, only the first mode has been used; engineering drawings 

are retrieved by drawing number and further design information is retrieved using 

the drawing. This is understandable as it can be very difficult to assign index terms, 

which specifically describe content, to non-textual information. In the following 

sections a variation on the second mode of retrieval, involving the identification of 

design information with the structure it represents, will be developed. 

5.4.2. 2 Discussion of the Problem. In any information retrieval area in which the 

data base is not pre specified and the potential user population is not clearly defined, 

two obvious questions arise: What is to be retrieved, and how? Possible answers 

to the first question include end-item information, or references to sources of end­

item information, as well as the definition of information categories. Answers to 

the second include retrieval by part of drawing number, which implies that the user 

is technically sophisticated in the contents of the data base; or such techniques as 

retrieval by tracing a drawing structure tree, which can be achieved by a layman. 

To treat, first, the problems of the type and extent of immediately retrievable infor­

mation, this information will be defined as that subset of engineering design data and 

references to sources of such data which are in computer-accessible storage. If 

cost were no object, all of the data which could be useful to the designer would be 

included; but, in a practical system, much of the data will consist of pointers to 

sources. These sources are typically drawings, specifications, operating manuals, 

and other collections of data too volwnnious to be stored economically in digital form. 

The first problem of the retrieval system designer is to decide what data will and 

what data will not be made 'iimmediate." A second question is that of the extent of 

the data to be considered: Is the entire engineering design file to be made accessible 



(directly in the system or indirectly as a reference) via the retrieval system, or 

only the high-activity items? What assumptions can be made about the designer's 

ability to locate relevant ancillary information without the help of such a system? 

An example of such a question is: Is it worthwhile to include an often -used manual 

of component standards in the computer storage, or even a reference to the manual, 

or can it be assumed that the design engineer knows about the manual and can obtain 

his information as 'required? 

The second kind of problem is that of available means of retrieval. Obviously, the 

techniques chosen for retrieval depend on what is available; it is not so obvious that 

they depend on the background of the system user. Most systems for the retrieval 

of engineering drawings (and most, for example, the Central Repository, are manual) 

depend entirely on one item: the drawing number. This is usually adequate, at 

least for the designer working in daily contac~ with a restricted area an~ well-defined 

set of problems. It is very difficult; however, for anyone with broader responsibilities 

(system integration, test and checkout) to get to the specific data he needs. A basis 

for an auxiliary tool, to help the latter class of user, is the next subject of discussion. 

The question o~ what information is to be made' "immediate" will be taken up later, 

in Paragraph 5.4.2.5. 

5.4.2.3 Relationships in Engineering Design Data. There are several kinds and' 

degrees of relationships among engineering data. Three of these types of relationships 

will be exploited in this retrieval system design. 

The first is that between the elements of a "package, " which might be defined as the 

data set required to make a complete and meaningful junction requirement at a given 

level of detail. It might, for example, consist of a drawing, a specification, and a 

parts list, all of which are required for the fabrication of a given component. The 

basis of this relationship must be defined in terms of the use to which the package is 

to be put, as, for example, a manufacturing package is usually a different set of data 

from that implied by the needs of design or those of procurement. In the 'following 

the discussion will be restricted to engineering design packages. 
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The second is a relation between packages, usually called an interface. The signifi­

cance of this relationship is that one component, assembly, etc., is connected 

directly to another in a more or less complex manner. This interface may be so 

complex as to demand a "package" of its own to describe it. 

The third, and perhaps the most obvious relation which exists between packages, 

is the component-assembly or "goes-into" pattern. It can be represented by a set 

of nested boxes, or better, by a tree showing its partial ordering in a hierarchical 

pattern. 

The interface and component relations between packages can be represented simul­

taneously in a three-dimensional pattern. A convenient representation is a pyramid, 

the apex of which is the name of the construct being described. Successively lower 

"layers, " defined by p~anes parallel to the base of the pyramid, contain data packages 

at levels of increasingly greater detail. 

Voyager 

- - - - - - - - Stages 

- - - - - -' - - -Major Assemblies 

- - - - - - - - Assemblies 

- - - - - - - Subassemblies 

- - - - - - Components 
~--------------------------~ 



The assembly-component relationship is thus represented by a vertical trace through 

the structure. For example ,'from the apex, 

Voyager 

Stages 

Payload 

S-IVB 

S-I! 

S-IC 

Each horizontal plane, then, represents a set of data at a given level of detail, 

represented by a set of data packages or by a ,set of component names. The interface 

relation between items at a given level can be graphically represented by component 

(or package) identifications connected by lines indicating a physical connection or 

contact. In the example. above, the interface diagram for the S-II stage at the "stage" 

level of detail is Simply 

I S-IVB ~ s-n ~ S-IC I 
where the rectangles identify the components, and the circles the interface specifica­

tions. In the case of interfaces which are not described by docwnentary specifications, 

the interface circle could contain a list of the types of interfaces shared by the com­

ponents ; for example, "elec. / mech/hydra" for electrical, mechanical, hydraulic. 

Figures 5-11 and 5-12, extracted from the "Nomenclature and Breakdown Charts for 

Saturn Vehicle, SA-5" (M-P&VE-EA-62-1, NASA MSFC), depict the type of structure 

identified above. 

5.4.2 .4 Retrieval by Structural Clues. The following discussion, which is concerned 

with the definition of a group of operations to facilitate the retrieval of design data, 
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presupposes that the system user will be working at a CRT console on-line to a com­

puter. He will have a light pen and an alphanumeric keyboard as input devices. The 

commands, i.e., EXPLODE, are used to directly address or instruct the computer 

through the light pen/~eyboard device, and they and available answers are displayed 

in real-time on the CRT surface. The computer will have a large direct-access 

peripheral storage in which a body of data, organized as suggested in Paragraph 5. 4. 2. 3 

is available. 

As shown previously, engineering design packages can easily be reiated to the physical 

structure they represent, which in turn can be factored into successively greater 

levels of detail. The operation of going from general to specific will be called 

EXPLODE. At a given level of detail the relation of interfacing and the identification 

of the interface specifications will be displayed when the INTERFACE command is 

given .. Both EXPLODE and INTERFACE are used, of course, in reference to 

specified data packages. 

Another function should be available, to permit the user to perform the opposite of 

the EXPLODE operation and move upward from components to assemblies. This will 

be called USED IN. 

The packages will be identified by number (in some cases the drawing-parts list· 

number), by drawing name and by generic name. The search through the structure 

will start with the use of the START operation (an operation indicating the beginning 

of a search) and one of these forms of package identification. The package name or 

number input will be displayed and a fourth operation may be invoked - the DISPLAY 

option - which causes a list of the contents of the package, by type of information, 

to be displayed. If the data base includes such items as inspection criteria, tolerances, 

and specifications, these can then be selected and listed on the CRT by a second use 

of the DISP~A Y operation • The DISPLAY function is thus a sequential one, the first 

use detailing package contents by item and the second detailing the contents of a 

selected item. 

There are two cases in which finding the desired starting-point package may not be 

an immediate result of the input package identification. The first occurs when the 
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input was a generic name such as "power supply." In order to discriminate between 

power supplies, the list of such components in the structure would be displayed, by 

drawing name and number, to permit the user to choose the individual item he needs. 

If he is still in doubt after seeing the list, the EXPLODE, INTERFACE, and USED 

IN operations will help him to isolate the desired package. 

The second case of ambiguity arises when the user identifies a component which is 

used in more than one place in the structure as the starting point in. his search. 

Since he has just used the START operation, the retrieval system will assume that 

the user is not interested in the component designated but is using it only as an entry 

to the structure. (If this is not the case, and the component itself is the end-item of 

the search, the user can enter its identification again to get the package.) The next 

display will identify all the next-higher assemblies using the given component. 

If this still does not discriminate sufficiently between uses of the component (the 

same higher assembly uses the same package more than once) the identification of 

the higher assembly and use of the USED IN operation will move the process one 

step upward. This can be repeated until the appropriate larger assembly is identified, 

at which point repeated use of the EXPLODE operation can be used to get to the unique 

desired starting point. 

A function which permits availability of data to the user about more than one structure 

(for example, Saturn V as well as Voyager might be represented in the files) would 

be called SELECT. At any time the system userwishes to start a new search,or 

change the subject of his search from one structure to another, . he uses the SELECT 

operation. The result will be a display of the names of the structures represented 

in the data file. He then' indicates the' option he 'desires and uses the START operation 

to begin his' search. 
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In swnmary, these operations, operands, 'and their consequences are as follows: 

Operation 

SELECT 

START 

DISPLAY 

EXPLODE 

USED IN 

INTERFACE 

Operates on 
Total data base 

Structure data 
base 

Data package or 
item in package 

Data' package 

Data package 

Data' package 

Results 

Selects the pyramid 
relevant to a given structure 

,Selects a starting point in 
the structure . 

Displays a list of items in 
package, then, if desired, 
details are of the items 
listed 

Displays component packages' 

Displays identification of 
next-higher assemb~y 

Provides a graphic display 
of packages with direct 
interfaces with that given, 
and interface control 
information if, applicable 

Several further operators are needed. The first is not strictly a part of the retrieval 

function'but serves to record the interim or final results of a search. 'The PRINT 

operation causes the contents of the display to be transferred to a permanent ~e,~iwn. 

Two other operators, not strictly needed. to carry out a search but without, which , 

searching is .extremely tedious, are called RE~TORE and TRACE. The RESTO~E 

function brings back the.; dis play seen just prior to the current one. The. TRAC E 
, , 

operation displays.;a list of. the last ten steps the, searcher has made, identifi~~ by 

package nwnber and name, to permit the searcher to return to a ~revious step. !his 

is extremely useful when the user discovers he has taken a wrong turn in tracing 

through the data base. 

5.4.2.5 File Contents. In Paragraph 5.4.2.2 two prinCipal problems were discussed; 

the problem of selecting the data to be placed in the retrieval file, and that of 
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specifying a retrieval technique. The ensuing description of a solution to the second 

problem indicates some of the constraints which must be placed on the solution of 

the first. 

The file must be organized by structures, and its elements are what have been called 

data packages. It must be complete in the sense that there is an uninterrupted linkage 

from the most general item (the name of the structure) to the most specific level 

included. 

The data package, identified by a number and a name, contains at least a list of com­

ponents (if it is not itself a single indivisible component). It will contain, if appro­

priate, the locations of the associated drawing, specification, standards, tolerances, 

inspection criteria, etc., if these items of information are not included in digital 

storage. The decision as to which elements should be in literal form in digital 

storage and which should be represented by identifying information is an economic 

one. Among the parameters which will influence this decision are: 

• The number of data packages needed to describe the structure 

o The volume of data per item of information (e. g., specification) 

• The cost of converting these items to digital form 

• The cost and size of the peripheral storage de~ices needed to maintain 

the files 

• Whether or not each file has to be continuously available (that is, . whether a 

storage device such as a data cell can be loaded with specified Jiles at speci­

fied times) 

Among the data will be packages specifying interfaces as well as those specifying 

components. Their retrieval can be achieved directly if they· are identified by 

drawing number or name, or by association if they are identified by finding the com­

ponents they relate to and the INTERFACE operation is executed. 

5.4.2. 6 File Creation and Maintenance. The file would be large· for structures of 

the scale of Voyager. Its size would depend on the amount of direct data included, 

as opposed to the number of data references, but even at a minimum it would be large 
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enough that initial on -line input of the entire volume of data would be extremely ex­

pensive. On the other hand, the file maintenance could well be performed on-line. 

The initial data base would then be loaded as a batch process, and changes to the 

file would be performed using a graphic console. To assure that only authorized 

changes are made, only designated consoles would be used to update the file. 

The update operations, which would be implemented in such a way that they would be 

available for either on-line or off-line use, would be ADD, DELETE, REPLACE, and 

INSERT, and they would refer to one of three categories of data - DATA, ITEM, or 

PACKAGE. 

In each use of one of the operation/data-category pairs, a data-set identification 

is required. If the data set is an entire package, the package number is s¢ficient. . , 

In the case of smaller sets the first step in updating is to retrieve and DISPLAY the 

package which contains them. If the data set is an ITEM, the corresponding item 

identification number i~ then used to point to the item to be modified. If the set is 

smaller than ~he ITEM level, the DISPLAY operation is used again, .this time in 

relation to the item containing the data set to be altered. The character at which the 

alteration is to start is indicated by light-pen, the corresponding operation button is 

pressed (e. g., INSERT), the data-set button DATA is pressed, and the entry is' made 

In summary: 

Operation 

ADD 

DELETE 

REPLACE 

INSERT 

Data Set 

I
DA T A - Character in item in package 

ITEM - Item in package 

PACKAGE - Package I.D. 

The update operation would include a safeguard to protect users of the file. This 

might take the form of actually inhibiting all references to the part of the file being 

updated, or might merely inform anyone examining a package being altered that 

alterations are in progress. 
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5.4.2.7 Retrieval Equipment Configuration. It has been implicitly asswned that 

retrieval would be performed using a CRT console with light pen, having an alpha­

nwneric keyboard and a few function buttons (which might be selected from little-used 

characters on a standard keyboard). 

In this configuration, after an initial alphanwneric entry to the data structure was 

achieved, the rest of the search and data extraction process could be carried out 

using the light pen to select the appropriate items and the function buttons to perform 

the desired operations. 

The only consoles which must have graphic capability are those which are assigned 

to update the files. Consoles used strictly for retrieval do not need graphic-input 

capability and are called upon to display only very simple patterns (boxes connected 

by lines). 

5.4.2. 8 Notes and Comments on RED!. There has been no discussion of "effec­

tivities" in this conceptual outline, but they would certainly be included in the data 

packages. This would not only be a tool for the designer but would make the retrieval 

system a major tool in configuration control, as well as to facilitate historical reviews 

on 'previously assembled structures. 

The system as outlined is not complete in the sense that it supplies the designer with 

all the information he might conceivably use but it could be supplemented with other 

systems' supporting' ancillary data sets. Some of these are discussed in the next 

subsection. 

J 

The previous descriptions imply that the structure to be factored, the "top assembly", 

might be a complete vehicle. It should be noted that this idea is not an essential part 

of the plan, might be preferable to start at the "main assemblies" level, as for 

example, one sequence of Voyagers might use a different booster from that used by 

another. 



5.4.2.9 Retrieval of In-Process Design Information. This problem, cited in 

Paragraph 5.4.1 as the "second problem", is that of supplying the user of an on-line 

machine-aided design system such as Digigraphics with the data he needs to work 

efficiently. This data includes conceptual versions of his drawings, related drawings, 

tolerances, standards, inspection attributes, preferred parts lists, etc., and is 

similar to that which can be handled by the RED! system and its retrieval can be 

accomplished in the same manner. 

Other data i~ involved however, and the nature and structure of this further data 

indicate that other retrieval techniques will be needed to deal with them. Among the 

more obvious categories of design data are those contained in engineering handbooks, 

drafting manuals, etc. The retrieva~ of this kirid of data is most naturally performed 

by the display of a back-of-the-book type of alphabetized index. This technique, if 

not entirely adequate, could be supplemented. by coordinate indexing. This. would 

require that skilled indexers assign descriptive terms from a controlled vocabulary 

to major topics covered in the handbook. 

The current u~ers of the LMSC computer graphics system have indic.ated some more 

specialized requirements calling for more exotic .approaches to retrieval. The. 

group doing orbital analysis foresees the storage of Venus swingby (to an~ from Mars) 

flight parameters and summaries of past performance studies. The structural . 

a~alysis. group specifies a system which will permit the d~sign engine~r to retrieve 

reports on performance data. by structure type (honeycomb, waffle, etc.), ~~ well as 

the kind of data to be handled in the RED! system. The net~prk analysi~ gr~up would 

like to have a Preferred Parts Handbook in computer storage. They require that 

the results of network analyses, as well as the parameters of derived equivalent 

circuits, be stored and retrievaQle. They stated, incidentally, th~t in. their opinion 
, ". . .. ~. . .' , 

the retri~val of their data ,co~d be adequately pet10rmed by reference to, the func-

tional use or discussion of the circuit. 
.. t.: 

Many of these requirements can be met by a "structural" system such asREDI. Mqst 

of the remainder can be met by a system designed to retrieve data. from a ha...'1dbook. 

The balance indicate a need. for a library type of reference retrieval system based on 
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coordinate -indexing. The first and third of these techniques have been implemented, 

the third widely, but methods fqr handbo9k data retrieval are still in the research 

stage. 

A final note on this problem concerns archival rather than work-in-progress storage 

of this design data in digital form '. References to designs having a direct bearing on 

structures could be added to the corresponding files in the REDI system, but separate 

indexes should be prepared for such special data as swingby orbits. 

5.4.3 Program Description 

Following· is a description of a set of program segments designed to implement the 

retrieval system developed in Paragraph 5.4.2. It is assumed that these program seg­

ments would operate under the control of a -real time, multi-processing monitor such 

as the Univac EXEC8, the IBM system/360 OS, the CDC Digigraphics system, or 

the LMSC LACONIQ (for System/360). A program segment is a computer program 

which is called into main storage by the monitor, performs one or more functions, 

and then returns control to the monitor. Real-time programs typically consist of a 

number of program segments, each of which is relatively small. 

It is assumed that the monitor will permit a program segment to communicate with 

the monitor and with other program segments. For example, a program segment 

should be able to designate its successor segment and it should be able to transmit 

data and program flags to other program segments servicing the same input-output 

terminal. 

The following items are terms and abbreviations used in this section: 

• Package number (PKN) is defined as the number used to identify a package 

or item in a package. . 

• Basic PKN is defined as the portion of the PKN to the left of the "dash". 

• Data sent to an input-output terminal as a unit shall be called a message. 
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The program logic was developed with the assumption that data would be organized 

into four files. The data need not necessarily be segregated in the storage device 

but each file must have its own directory. Furthermore, each structure shall have 

its own set of directories. The following is a description of the files. 
I 

a. File A: This file contains lists of the "dash number" versions for 

each basic PKN. Entry to the file is by basic PKN. Individual records 

contain a description of the item and a listing of the dash numbers with 

their effectivities. 

b. File B: This file contains the PKN detail. If the PKN is a document 

such as a specification, the record will contain the text of the document. 

If it is a hardware item, the record will contain parts list information 

such as description, unit weight, a list of the next level assemblies 

of which this PKN is a component, with quantity per assembly, and 

effectivity. In addition, the record will list the items in the package 

and such information as description, quantity per assembly, drawing 

releas~ status, etc. Entry to the file is by PKN . 

c. File C: This file contains interface information. Entry is by PKN. 

q. File D: This is an "inverted file" which provides a cross~reference 

to PKN s by their generic names. Entry is by generic name. Records 

contain basic PKNs and descriptions. 

5.4.3. 1 Pr.ogram Segment Descriptions. 

Segments SLl and SL2 

Function: SELECT 

The purpose of this segment is to permit the user to select a structure. Once lhe 

selection 'is made it is stored in an area associated with the input-output terminal 

where the selection was made . Each time data is retrieved by other program seg­

ments this area is examined to determine the structure. If no structure had been 

selected an error message would be sent to the console. 
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The user may change to another structure by pressing the SELEC T function button 

at any phase of his inquiry. Selection of a new structure will cancel all requests for 

data on the previous structure still waiting to be processed. 

Only one structure may be selected at a time. 

Segment Outline 

Segment SL1 (Ref. Fig. 5-13) 

1. Notify the monitor that program segment SL2 is the successor segment. 

2. Send a pre-formatted message listing the various structures and their 

codes to the input-output terminal. 

Segment SL2 (Ref. Fig. 5-13) 

Initialize the request queue. This is a request queue maintained by the 

program, not the monitor. Initializing the queue will cancel any requests 

waiting to be processed. 

Segment S 

Function: START 

The purpose of this program segment is to permit the user to initiate a search. The 

user may enter anyone of the following type of parameters in conjunction with the 

ST ART function button: 

1. A PKN with a "dash number" 

2. A basic PKN 

3. One of a selected list of package descriptions 

4. One of a selected list of generic names such as fuel pump, heat shield, 

bracket assembly, etc. 
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SEGMENT S~t . 

NOTIFY MONITOR 
THAT SEGMENT 
SL2 IS SUCCES­
SOR SEGMENT . . . 

SEGMENT SL2 

INITIALIZE REQUEST . 
QUEUE, CANCELLING 

ANY PENDING REQUESTS 

SEND PREFORMATTED 
MESSAGE LISTING 

STRUCTURES IN FILE 

MOVE NEW STRUCTURE 
CODE TO COMMUNI­

CA TIONS AREA 

Fig. 5-13 Logical Flow Chart Segments SL1, SL2 
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The segment responds by displaying a list of PKNs on which the user may operate 

with such function buttons as START, DISPLAY, EXPLODE, USED IN, INTERFACE, 

etc. 

If the user enters a PKN with a "dash number, " the segment will display the descrip­

tion and effectivity of the PKN. If the user enters a basic PKN, the segment will list 

all of the "dash numbers" (including the original, which has no "dash number") with 

their effectivities. 

If the user enters a package description, the segment will display the basic PKN for 

that segment. If he enters a generic name, the segment will display the basic PKNs 

indexed by that name and their descriptions. 

Segment Outline (Ref. Fig. 5-14) 

1. If the input parameter is not a PKN, with or without a "dash number, " go 

to Step 7. 

2. Separate the PKN into its basic PKN and "dash number" if it has one. 

3. Retrieve the basic PKN record from File A. 

4. Format header portions of message. This will include the description. 

5. If the input PKN was a basic PKN, go to? If it was not, position the data 

for the PKN in the message, send the message to the input-output terminal, 

and exit to the monitor. 

6. The input parameter was a basic PKN. List all of the "dash numbers" in 

the message, send the message to the input-output terminal, and exit to the 

monitor. 

7. The input parameter was not a PKN. If the input parameter is in the 

selected table of package descriptions. Pick up the PKN and transfer to 3 

for further processing. If not, continue to 8. 

8. By elimination, the parameter is assumed to be a generic term. Retrieve 

its record from File D. 

9. Format the header portion of the message. List the basic PKNs catalogued 

under the generic term with their descriptions, send the message to the 

input-output terminal, and exit to the monitor. 
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c.n 
I 
c.n 
ex> 

YES 0r SEPARATE PN 
2 INTO. BASIC PN 
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PICK UP PN 
FRo.M TABLE 

RETRIEVE 
FILE D RECo.RD 
Fo.R THIS TERM 

RETRIEVE BASIC 
PNRECo.RD 

FROM FILE A 

POSITION THE 

Fo.RMAT 
HEADER 

PORTIo.N o.F 
MESSAGE 

NO. 

o.SITION DATA 
Fo.R THIS PN 
IN MESSAGE 

Fo.RMAT 
HEADER 
PORTIo.N 

BASIC PN'S t----------------l 
IN MESSAGE 

o.F MESSAGE 

SEND MESSAGE 
TO. TERMINAL 

Fig. 5-14 Logical Flow Chart, Segment S 

POSITION 
ALL ITEMS 
IN MESSAGE 



Segment D 

Function: DISPLAY 

The purpose of this segment is to display the File B data for a given PKN. The output 

format will vary with the nature of the PKN. For example, if the PKN were a docu­

ment, and the document was in digital storage, the text of the document would be 

formatted and displayed. If it were a parts list, the header and item detail would be 

formatted and dis played. 

Segment Outline (Ref. Fig. 5-15) 

1. Retrieve the File B record for the input PKN. 

2. Determine the type of record and format the message in an appropriate 

manner. 

3. Send the message to the input-output terminal and exit to the monitor. 

Segment E 

Function: EXPLODE 

The purpose of this program segment is to select and list the components of a given 

PKN. 

Segment Outline (Ref. Fig. 5-16) 

1. Retrieve the File B record for the input PKN. 

2. Format the header portion of the message. Select an,d position the 

items in the message. 

3. Send the message to the input-output terminal and exit to the monitor. 
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RETRIEVE FILE B 
RECORD FOR 

INPUT PN 

DETERMINE 
TYPE OF 
RECORD. 

FORMAT 
MESSA'GE 

SEND MESSAGE 
TO TERMINAL 

EXIT 

Fig. 5-15 Logical Flow Chart, Segment D 

5-60 
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J--------~ FILE B RECORD t--------~ 

FOR INPUT PN 

POSITION 
HARDWARE ,ITEMSt-----~--~ 

IN MESSAGE 

r-_______ ~~SENDMESSAGE 
TO TERMINAL t--------.l 

Fig. 5-16 Logical Flow Chart, Segment E 
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Segment U 

Function: USED IN 

The purpose of this program segment is to list next higher level assemblies of which 

a given PKN is a component, together with the quantity per assembly and effectivity. 

Segment Outline (Ref. Fig. 5 -17) 

1. Retrieve the File B record for the PKN. 

2. Format the header portion of message. Select and position the "next 

assembly" data in the message. 

3. Send the message to the input-output terminal and exit. 

Segment I 

Function: INTERFACE 

The function of this program segment is to format ·and display a diagram in response 

to the INTERFACE function button. 

Segment Outline (Ref. Fig. 5-18) 

1. Retrieve the File C record for the PKN. 

2. Initialize index used to step through chain of interface. 

3. Construct first box and position the PKN in it. 

4. If the last item has been processed, determine the section of the construc­

tion grid in core which will be sent to the input~output terminal, send the 

"message", and exit to the monitor. 

5. Position first circle. If the record contains data describing the interface, 

such as a document ~umber or descriptive term, position the data in the 

circle. 
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Fig. 5 -1 7 Logical Flow Chart, Segment U 
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i 

YES 
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Fig. 5-18 Logical Flow Chart, Segment I 
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SEND 
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6. Construct lines between first box and first circle and between first circle 

and the boundary of next box. 

7. Increment index and transfer to 3 to process the next item. 

Segment A 

Function: ADD 

The purpose of this program segment is to add DA TA to an item, add an ITEM to a 

package, or add a complete PACKAGE. The segment is called by the ADD function 

button. The scope of the operation is determined by the choice of one of the following 

DATA SET keys: DATA, ITEM, or PACKAGE. 

Segment Outline (Ref. Fig. 5-19) 

1. Identify the data set key. If it is PACKAGE, go to 7; if not, go to 2. 

2. Retrieve the File B record for the input PKN. 

3. Identify the data set key. If it is DATA go to 4. If it is ITEM, add the new 

item to the record and go to 6. 

4. Data set key was DATA. Locate the item in the record. 

5. Add the new data to the item. 

6. Return the updated record to File B and exit to the monitor. 

7. Data set key was PACKAGE. Analyze input PKN. If it has a "dash number" 

go to 11; if it does not, go to 8. 

8. Create a new File A record for the basic PKN. 

9. Add the new or updated record in File A. 

10. Create File B record, deposit it in the file and exit to the monitor. 

11. Retrieve the File A record for the basic PKN. Add the new "dash number" 

to the record, return the record to the file and transfer to 10. 
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RETRIEVE 
FILE A 

RECORD 

ADD NEW 
RECORD 

TO FILE A 

CREATE 
FILEB 

RECORD 

SEND 
RECORD 

TO FILE B 

RETRIEVE 
r---_~ FILE B 

RECORD 

RETRIEVE 
FILE A 

RECORD 

ADD NEW 
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TO RECORD 

RETURN 
RECORD 

TO FILE A 

ITEM 

ADD ITEM f-:\ 
TO RECORD ......... --\V 

Fig. 5-19 Logical Flow Chart, Segment A 
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Segment DL 

Function: DELETE 

The purpose of this program segment is to delete DATA from an item, an ITEM 

from a package, or a complete PACKAGE. The segment is called by the DELETE 

function button. The scope of the operation is determined by the choice of one of 

the following DATA SET keys: DATA, ITEM, or PACKAGE. 

Segment Outline (Ref. Fig. 5-20) 

1. Identify the data set key. If it is PACKAGE go to 7; if it is not, go to 2 .. 

2. Retrieve the File B record for the PKN. 

3. Locate the item to be operated on. 

4. Identify the data set key. If it is DATA go to 5. If it is ITEM delete the 

item from the record and go to 6. 

5. DELETE the selected data from the item and reformat the remainder of the 

item if necessary. 

6. Return the record to File B. 

7. Data set key was PACKAGE. Retrieve File A record for basic PKN. 

8. Determine whether input PKN has a "dash" number. If it does not, go to 

10. If it does, delete the "dash" number item from the record and return 

the updated record to File A, 

9. Delete the record from File B and exit to the monitor. 

10. Input PKN does not have a "dash" number. Delete the File B records for 

each of the "dash numbers, " including the original PKN, which would have 

no "dash number. " 

11. Delete the File A record and exit to the monitor. 
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Fig. 5-20 Logical Flow Chart, Segment DL 
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Segment R 

Function: REPLACE 

The purpose of this program segment is to revise DATA in an item, replace an ITEM 

in a package, or replace an entire PACKAGE. The segment is called by the REPLACE 

function button. The scope of the operation is determined by the choice of one of the 

following DATA SET keys: DATA, ITEM, or PACKAGE. 

Segment Outline (Ref. Fig. 5-21) 

1. Identify data set key. If it· is PACKAGE, go to 7; if not, go to 2. 

2. Retrieve the File B record for the input PKN. 

3. Locate the item which is to be revised or replaced. 

4. Identify the data set key. If it is DATA, go to 5. If it is ITEM, delete the 

old item from the record, insert the new item, and go to 6. 

5. Data set key was DATA. Reformat the item, substituting the new data for 

the old. 

6. Return the updated record to File B and exit to the monitor. 

7. Data set key was PACKAGE. Create the new File B record and transfer 

to 6. 

Segment IN 

Function: INSERT 

The purpose of program segment IN is to create or revise an interface record 

(File C). It must be preceded by a "clear screen" or INTERFACE command. 

Figures, such as boxes, circles, lines, etc. may be "drawn" by the light pen and 

alphanumeric data may be entered by the terminal keyboard. 
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Fig. 5-21 Logical Flow Chart, Segment R 
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Segment Outline (Ref Fig. 5-22) 

1. Determine whether there is a record for the input PKN in File C. If there 

is not, transfer to 6 to create a new record. If there is, go to 2. 

2. Retrieve record for input PKN from File C. 

3. Identify changes to be made. The technique for analyzing the graphic input 

w ill depend on the particular hardware and software used. 

4. Reformat the record to reflect these changes. 

5. Return the updated record to File C and exit to the monitor. 

6. New record. Create a new record from the input data. 

7. Add this new record to File C and exit to the monitor. 

5.4.3.2 Typical Display Formats. Figures 5-23, 5-24 and 5-25 show a typical con­

sole display screen representation resulting from the operations described above. 

Figure 5-23 shows a typical interface structure diagram resulting from the INTERFACE 

operation. Figure 5-24 could represent the final response to an inquiry for a digiti-

zed drawing and Fig. 5-25 shows a typical response to an inquiry for a data package 

structure. 

5.4.4 Implementation: Data Base 

5.4.4. 1 Introduction. The creation of a data base to implement the REDI system 

for the retrieval of design documents of MSFC could be performed in two steps. The 

first depends on a maximum use of existing machine-readable information and the 

second is that of adding the further data needed for the complete implementation of 

the retrieval system. 

5.4.4. 2 Data Base Requirements. In order to prepare a data package it will be 

necessary to examine the master documents to identify their supporting documents, 

such as process specifications, test specification procedures, inspection attributes, 

etc. It is then necessary to relate these data packages sequentially in their component­

assembly chains and laterally in terms of item interfaces. 
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S-IVB 
STAGE 

STAGE S-II INTERFACE 

S-U 
STAGE 

Fig. 5-23 Typical Display - Interface Structure 
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MAIN ASSEMBLIES - SATURN VEHICLE 

PAYLOAD I 
ASSEMBLy--1 

INSTRUMENTATION 
UNIT ASSEMBLY 

lOM20000 

Fig. 5-24 Typical Display - Digitized Drawing 
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I 
HARDWARE 

ASSEMBLIES 
PKN 220 
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DOCUMENTATION 
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INTERFACE DRAWING 
PKN PKN 106 104 

I 
FUEL 

ASSEMBLIES 
PKN 419 

I 
I 

TEST AND DRAWING/ 
INSPECTION EPL 

.PKN 100 PKN 101 

Fig. 5-25 Typical Display _. Structure Breakdown 
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5.4.4.3 Existing Machine -Readable Data. The pertinent machine readable documents 

used by the MSFC are identified in Table 5-3. The "next assembly" data entry enables 

the creation of the "used in" file and the separate engineering parts lists provide the 

basic "explode" capability. The existence of a manufacturer code identification may 

point to interface documents that exist as the result of the documentation requirements 

imposed on the contractors. 

Not all the documents shown are pertinent to the retrieval system implementation; the 

full list is given for completeness. Some documents of special interest are the 

Generation Breakdown or "Christmas Tree" list which provides direct identification 

of the drawing level, the specific program, and the vehicle number. The Saturn and 

Apollo Interface Control Document Logs provide Contract End Item (CEI) identification 

plus release status. The CEI entry enables the retrieval process to proceed directly 

to the highest assembly level. The Engineer,ing Parts List and Separate Parts List 

(EPL/SPL) identify the operating division responsible for preparing the drawing as 

well as naming the des ign engineer. 

Since the engineering function is predominantly one of processing sy~tem changes, each 

drawing in the system typically includes several Engineering Orders (EOs), so that a 

majority of the supporting documentation consists of EO transactions. The machine­

readable document generated when such a transaction takes place represents a 

primary source of data for entry in the REDI system. 

5.4.4.4 Use of Existing Data Systems as Retrieval Aids. The use of existing re­

ference documents to provide entries to the REDI files could be a signifi'cant tool. 

One such reference is the Apollo Document Index, Section 2 , TALK (Titles Alpha­

betically Listed by Keywords), which provides direct reference to interface documents, 

system reports covering the evaluation of systems and subsystems, and test reports. 
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DATA ENTRY 

DOCUMENT NAME 

ENGINEERING MASTER 

PARTS LIST (EMPL) 

ADVANCE/OFFICIAL 

DOCUMENTATION RELEASE 

LIST (DRL) 

GENERATION 

BREAKDOHN (GB) 

CROSS REFERENCE LISTING 

OF GENERATION BREAKDo,vN 

SATURN INTERFACE CONTROL 

DOCUMENT LOG 

APOLLO INTERFACE 

CONTROL DOCUMENT LOG 

ENGINEERING PARTS LIST 

HEADER 

PART lD 

DOCUMENTATION RELEASE 

LIST 

HEADER 

AUTOMATED ENGINEERING 

ORDER SYSTEM (EO) 

SHEET A 

Table 5-3 

MACHINE READABLE DOCUMENTS 
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5.5 HARDWARE STATE-OF-THE-ART 

5. 5. 1 Mechanized Pictorial Storage and Retrieval 

In surveying the equipment for mechanized pictorial storage and retrieval, a startling 

variety of microforms and means for retrieving these forms is found. For example, 

the tabulation given in Van Dam (Ref. 5-1) includes 20 different systems. Other 

exhaustive listings can be found in Refs. 5-2 and 5-3. The systems described here 

are typical of some of the larger ones, and have been selected to' represent a variety 

of microforms and retrieval approaches. Good general reviews of the microfilm 

field can be found in Refs. 4 and 5. 

5.5.1.1 FMA-Filesearch Device. The Filesearch searches a 1000-ft roll of 35mm 

film with a maximum of 32,000 document pages per reel. The pages are recorded at 

a reduction of 25:1, and optically encoded indexing information accompanies each 

film frame. A 32, OOO-page reel can be searched at 200 ft per minute (6400 pages), 

and output may be displayed, printed out as hard cOJ?Y, or recopied onto roll film. 

The search operation consists of typing a search descriptor or nUll1ber in a punched 

card and then using the card to set up the search. pattern in the machine. 

5.5.1.2 Eastman Kodak Minicard System. The Minicard subsystem of the Defense 

Intelligence System, one of the largest and most expensive systems developed, uses 

a unit-record film chip, 16 by 32 mm, as the storage medium for up to 12 pages of 

input and associated photographic indexing data. The index codes are at. one edge of 

the film chip in a matrix of from 252 to 2730 code bit positions. The film chips are 

arranged by their respective subject areas, which divides the file into pre-ordered 

categories which can then be searched separately without resorting to a sequential 

sort of the entire file. The file may be searched at 1200 chips per minute (up to 

14,400 pages). The question statements are supplied on paper tape, and logic is 

stated by plugboard wiring. 

5. 5. 1. 3 Mosler Selectriever. The Selectriever provides random access to anyone 

of 200,000 unit documents - tab cards, aperture cards, or·microfiche cards - in 
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less than 10 sec. The 3-1/4 by 7-3/S-in. card is coded with 35 round holes along the 

bottom edge, and holes are notched out to identify the card for automated handling. A 

cartridge holds 100 unit documents and is housed in one of two parallel honeycombed 

walls, each holding 1000 cartridges. A lightweight cartridge retrieval mechanism 

operates between the two walls, moving at high speed to retrieve cartridges in response 

to commands entering the system via keyboard, punched paper tape, or computer 

interface. The time from command to readout averages 6-1/2 sec; the card is auto­

matically returned to its cartridge; and the cartridge is returned to its storage loca­

tion in 3 sec. 

5.5.1.4 Houston-Fearless Microfiche Retrieval-Display Unit. The Houston-Fearless 

card retrieval-display unit stores 750 microfiche cards containing 70, 000 pages of 

information. Ten category pushbuttons, each corresponding to a "book" of informa­

tion, select the classification topic. A" section" set of keys selects the section of 

the book. The section index is automatically displayed on the screen so that the 

actual page of information may be selected. The entire selection cycle will not 

exceed four sec for an operator who has minimal training. 

5.5. 1. 5 Magnavox Magnavue System. The Magnavue system of the U. S. Army 

Missile Command uses a 35 mm by three-in. -long mylar base film chip with a code 

field that can store SO alphanumeric characters (560 bits). The chips are stored 

300 per magazine in 300 magazines, providing line random access to 900,000 chips. 

The control unit can handle two such files for a total of 1, SOO, 000 chip capacity. The 

photographic codes on the request card are matched against the codes in the master 

file, and the "hits" are photographed onto a working film or copy card. Response to 

"random" inquiries on the Magnavue is performed in 60 sec. 

5. 5. 2 New Storage Concepts 

The advantages of microfilm as a storage medium include an established and relatively 

inexpensive technology; compact storage; many shapes, forms, types of film; easy 

reproduction; and permanance. The single disadvantage, hO'Yever, is the nonerasa­

bility of the medium. In an effort to overcome this liability and to create an even 
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larger stOrage capactiy (or real-time processing), new media have been investigated, 

including thermoplastic tape, video (magnetic) tape, and photochromic materials. 

5. 5.2.1 Thermoplastic Film. For several years the General Electric Company has 

been investigating a type of film lmown as Thermoplastic Film. This film, like the 

Photochromic Film, requires no separate development process and is erasable and 

reusable and can" accommodate high reduction ratios. 

Recording on this film is accomplished by an electron beam operating in a vacuum. 

The electron beam forms a charge pattern on the thermoplastic, and the plastic's 

insulating qualities cause the charge to dissipate slowly. While the charge pattern is 

on the surface, the thermoplastic is"liquified by heating to permit the electrical 

attractive forces between a conducting layer in the film and the electrons in the charge 

pattern to form distinctive impressions in t~e thermoplastic material. When the film 

cools, the impressions are solidified virtually instantenously to form the image. 

Xerox Corporation is conducting research with a material that works in much the 

same manner as the G. E. Thermoplastic Film and has the same basic characteristics. 

Xerox calls its process "Frost. " 

5.5.2.2 Photochromic Storage. Photochromic materials (PCMI) are light-sensitive 

organic dyes placed as a molecular dispersion in suitable coatings and applied to a 

surface. With photochromics, the molecular coating can be exposed with ultraviolet 

radiation and erased with white light. It is this reversible characteristic that makes 

PCMI attractive. Furthermore, it is grain free, thus permitting the recording of 

very high density micro-images. 

A reduction ratio of 200 to 1 allows for the storage of 2500 pages on one three by five 

in. transparency. At present, the PCMI process to produce micro-images is avail­

able at National Cash Register on a service bureau basis. A three by five inch master 

plate costs $250 with contact prints made from the master at $0.50 to $1 each depend­

ing on quantity. Thus, there is the ability to mass produce micro-image dissemination 

files economically. Thus far, document retrieval systems have tended in the direction 
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of providing a central store of images that could be placed on-line through remote 

consoles. PCMI would allow nonreturn copies to be sent out to the remote stations. 

5. 5. 2.3 Video Recording. The Videofile system, an automated image storage system 

using magnetic tape developed by Ampex Corporation, has the capability of storing a 

large amount of graphic material with fast access to any particular required document. 

The stored images can be added to, updated, or purged under the application of 

external controls with tape images immediately ready to view without processing. 

They have an archival permanence as long as they are needed, and they are of high 

quality on viewing. The techniques employed in this system are based on principles 

similar to those used in commercial television recording. The documents put into 

the system are scanned by a high resolution television camera and recorded electron­

ically on two in. wide magnetic tape as a video signal. 

Each image occupies either a l/3-in. length of tape (for ll-1/2-by l4-in. documents) 

or a l/6-in. length of tape (for 5-l/2-by 8-l/2-in. documents) depending on which of 

two standards are employed. For the larger documents (or higher resolution of 

smaller documents), 1280 scan lines at 15 frames per second are used. For smaller 

documents, 640 scan lines at 30 frames per second are used. The standard involved 

determines the number of document images that can be stored on each reel. 

With each image written on the magnetic tape is a digitally coded address to identify 

that image. The address can consist of a combination of either 12 alphanumeric 

characters or 18 numbers. 

On recall, the tape with the stored images is traversed at high speed until the location 

of the required document is reached. The image is then read from the tape in the 

form of a video signal and can be displayed on a monitor (soft copy) and/ or printed out 

(hard copy). 

5.5.2.4 Dynamic Updating of Filmed Base. An interesting new concept which has 

been fabricated into prototype hardware is reported by the MITRE Corporation 

(Ref. 5-6). Two magnetic tracks stripped on roll microfilm are used to allow 

5-81 



dynamic updating of the filmed base. Consecutive search capability (i. e., store the 

present position and search forward or reverse from it) provides a significant decreas 

in the retrieval response time. 

A basic problem with this approach seems to be the reliability of the magnetic strip­

ping for storing digital codes. 

5. 5. 3 The AMACUS System 

The maintenance of engineering design data in hard copy media is time consuming 

and costly. AMACUS is a system that enters drawings to the computers via micro­

film operations cards and an optical manner. The Automatic Microfilm Aperture 

Card Updating System (AMACUS) is currently being developed by General Precision, 

Link Division, for the U. S. Army Weapons ~ystem Command. 

AMACUS is used primarily as a system for incorporating design changes into exist­

ing design. Graphic data are entered into a computer via an aperture card read by 

an optical scanne,r. The image is displayed simultaneously on an aperture card 

viewer and on a CRT.' The CRT unit is equipped with a light pen for altering the 

geometric pattern being displayed on the tUbe. The selection of one of three line 

widths permits matching the alteration with the original design. Ail alphanumeric 

keyboard and ~ ~eybo~rd containing standard geometric patterns and electrical 

symbols is 'used for 'entering applicable data. 

AMACUS is currently scheduled to be installed at the U. S. Army Weapons Command 
, . 

during Decembe~ 1967. An advanced AMACUS with storage and remote retrieval/input 
. , , 

capability is currently being develo'ped as part of a total data system for the U. S. 

Army Weapons Command. This development is directedby"Mr. M. D. Silkiner, 

Chief, Management Science and Data Systems Office. 
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Section 6 

STUDY OF MAN/MACHINE SOLUTION OPTIMIZATION 

6.1 INTRODUCTION 

The man/ machine relationship must be a complementary one with each assisting the 

other in the things each does best. The relationship can be thought of as a chain 

formed of the basic links: 

I COMPUTER H MAN H COMPUTER I 
in which the man makes decisions which determine succeeding computer operations. 

It may be helpful to think of the human nervous system and the electronic system as 

two computers with vastly different characteristics. One of the distinctive qualities 

of the man in this context is that he requires far less detailed instructions than a 

machine and can make decisions which, if they were to be programmed into "a ma­

chine, would lead to an immensely complicated decision logic. 

The man, nevertheless, does require "programming" or instructions to aid in ful­

filling his role. It is assumed that he is instructed in the techniques of dealing with 

the machine but, in addition, he must have a plan or program for dealing w~th the con­

tent of his work and the alternate decisions he may make as a result of the outcome 

of computing operations. 

6.1.1 Objective of the Program 

The purpose of the work reported here is to establish the criteria of cooperation be­

tween the man and the machine to maximize the effectiveness per hour of machine 

utilization. For this purpose it appeared essential to use an already established 
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program in which the role of the operator was not so involved as to obscure the essen­

tials of his performance, and yet simple enough so that personnel unfamiliar with the 

program could learn the procedures and perform the cooperative tasks. 

6.2 DESCRIPTION OF PROGRAM 

The 144 Curve Fit Program was chosen for the man-computer experiments because it 

is straightforward enough so that the principles of investigation could be recognized 

without being obscured by excessive detail. This program fits experimental data by up 

to fourth order polynomials; the X and Y variables can be transformed by log,exponen­

tial or reciprocal transformations. This amounts to 144 possible curves. The pro­

gram computes the mean square fit for all forms simultaneously and lists the 10 best 

fits on the surface of the CRT. The man can then choose any of the 144 curves for the 

graphical display CRT. The curve chosen for permanent record can be reproduced 

(i. e., by a Polaroid camera or by tape onto an SC-4020 for compute prepared plot); the 

set of points can be corrected on the CRT at the display console; and further runs can 

be made if desired by the operator. A user's flow diagram for subsequent experiments 

is shown in Fig. 6-1. The program handles 31'points. 

6.2.1 Boxes D and J (Fig. 6-1) 

The man can predict that the plots will follow certain functional forms on the basis of 

physical know ledge or inspection of a graph of the data, for example: 

1. For chemical rate equations, log rate ~ (l/temperature). 

2. Scaling laws are frequently straight lines, in suitable coordinates. 

3. Inspection of Fig. 6-8 (shown later) suggests the form Y = constant + I/X. * 

*If high confidence is held for the correct form, the computer could be instructed to 
consider this form only. 
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A (SEE FIGS. 6-2 AND 6-3) (COMPUTER) 
PRINT A IS DATA ON "BEST FIT" OR ON REPEAT C - F IS DATA ON "SELECTED" FIT 

INSERT DATA 
PRINT B IS DATA ON CURVE NOT IN BEST 10, BUT DEVELOPED ON SPECIAL OR "EXPECTED" FIT 

C (SEE FIG. 6-4) E (SEE F1G. 6-5) 

B (COMPUTER) (COMPUTER) D (MAN) (COMPUTER) F (MAN) G (COMPUTER) 

COM1?UTE 
~~ 

D1SPLA Y FORMS -- SELECT DESIRED r--- DISPLA Y GRAPH --- DECISION - PRINT 
144 CURVES OF 10 BEST CURVE OF SELECTED CURVE A 

II 

REPEAT C - F 

I (SEE FIGS. 6-6 AND 6-7) 
(COMPUTER) J (l'vIAN) K (COMPUTER) L (MAN) 1\1 (COMPUTER) 

.. DISPLAY FUNCTION r-- SELECT DISPLA Y GRAPH --- DECISION ~~ PRINT 
SELECTOR CURVE r--- OF SELECTED CURVE B 

MACmNE AND MAN N (l'vIAN) 

REPEAT A TO G ELIMINATE BAD DATA POINTS 

Fig. 6-1 Flow Diagram Used for the 144 Experiment 



6.2.2 Original Instrumentation Errors' 

The man has information on original instrumentation errors based either on knowledge 

of the measuring instrument or inspection of the graph. This can influence his accept­

ance of a given machine plot. For example, if the residual variance is not much 

greater than that expected from instrumentation error, a curve can be accepted even 

though it is not a best fit. (In principle, decision rules could be formulated and pro­

grammed into the machine, but these rules might depend on the type of data.) 

6.2.3 Boxes F and L (Fig. 6-1) 

With the possibility of alternate forms, the man might choose a form more physically 

acceptable even though it was not the best fit, for example: 

1. Many physical laws can be expressed as straight lines in suitable coordinate 

systems and the resulting intuitive tendency is to accept a linear solution 

over a higher order form. 

2. If the formulas are going to be used ~n complex systems analyses, the ad­

vantages of a simple formula may outweigh considerations 'of accuracy. 

6.2.4 Box N 

The man can .uf:!e his knowledge of instrumentation error or inconsistencies of plotted 

data to recognize wild points. For example, the circled point shown later ~ Fig. 6-12 

is obviously suspicious. This point could be deleted prior to entry into the machine. 

(Decision rules could be programmed for such conditions if these situations were fre­

quent enough to warrant the programmatic complexity.) 

6.3 EXPERIMENT DATA AND OPERATIONS 

These runs were made to verify the adequacy of the instructions, to establish charac­

teristic times for the functions shown in the boxes of Fig. 6-1, to see what type of 
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decisions were best made by the man, and to use the results in formulating suitable 

criteria for instructions to be generated for making decisions in the general case. 

For these experiments sets of pairs of data points (X, Y) were put on punch cards. 

These sets were collected from sources having known relationships and statistical 

error magnitudes in the point determinations. The three trials reported used three of 

these sets of data. Plots of the three sets of data were made, and, with estimates of the 

best fit curves, are shown in the following figures. Each data run presented the displays 

having items similar to those shown in Table 6-1. The X variable is resistance and the 

Y variable is transconductance. They are expected to be of the form Y = F (l/X). 

6.3. 1 Discussion of Table 6-1 

Item 1 is a machine operation of accepting the cards and displaying the pairs of num­

bers in X and Y (Fig. 6--2). The recorded time is from insertion to display. The man 

can take as long as is needed to make a comparison to some other data list. (Usually, 

comparing the cards with the data list should be done in advance, and the later point 

display in Item 4 is a better comparison. ) 

Item 2 is a machine operation ordering the cards in increasing value of X (Fig. 6-3). 

Item 3 is a machine operation displaying the 10 forms of the equations giving the best 

fits (Fig. 6 -4). (This will not always be a quartic as might be expected since these 

are ordered in increasing standard deviation in which the sum of the squares of the 

individual residuals is divided by the number of points minus one, minus the order of 

the curve.) 

Item 4 is the display of a curve selected from the best 10 (Fig. 6-5). A small part of 

this time, e.g., five sec, is used by the operator in selecting the curve. The greater 

part of the time is used in computing, storing and erasing the display, and displaying 

the curve. 

Item 5 consists of recalling the function display, five sec, selecting a new curve form, 

10 sec, and generating and displaying a second curve (Fig. 6-7). 

6-5 



CATA SET 

1 .... CURVE "'T FROGItAN .. ••••• OOOOOOE 03 5.02'7'000000£ 02 .. ..'.1000000E 03 ... '7'20000000E 02 

, . •• 3.0000000£ 03 5.126000000£ 02 .. •• '7".000000£ 03 ".3 '7'SH'iO 0 tHHi £ 02 

s. ••••• 000000£ 03 ... '7'6'7'000000£ 02 .. 3.055000000£ 03 ".2 .. 600ClliOO£ CiZ 

'P. ,.5.30000lH1£ 03 ". Z 51 tH'iCitititiE t12 

8. 3. '7'55t'll10000E: 03 ".5190titit'itiCl£ t'2 .. 3. '7''7' .. t1(10000E 03 ".22'7'000000£ OZ 

.0') .0. 5.5."000000£ 03 3.9"3000tH1Cl£ tiZ 
I 

0') ... 5.'7'.5000000£ 03 3.8ZZ0tHHiClOE t'iZ 

.2. 5. "2 00 0 OtHlt1E 03 3.9"1000ClOO£ t'iZ 
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• '7'. 1 •• 31000000£ 0" :5.513(1!H'itiOti£ liZ 

.8. ..233000000E 0" Z.ilZ'7'1100(100£ OZ 

19. 1.336(HH1000E 0 .. Z. '7'1 OCHH1000£ OZ 

20. 1.363 !HHitiOOE O. Z.97CHitil'itiOO£ l1Z 

Fig. 6-2 Complete Data Display 
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Item 

1 

2 

3 

4 

5 

6 

7 

Table 6-1 

TIME ELEMENTS 

Function 

Enter Cards and Compare to Data List 

Accept Data and Reorder Cards in "X" 

Compute 144 Fits, Select and Display 10 
Best Fit Forms 

Select Specific or 10 Best and Display 
Curve (1) 

Select Specific from Function Display, 
Compute and Display Curve (1) 

Enter Title 

Print Out (2) 

Operator 

Computer 

Computer 

Machine 

Man-
Machine 

Man-
Machine 

Man 

Machine 

(1) The curves of which Items 4 and 5 are examples can be recorded on 
magnetic tape and printed out on a curve plotter, i. e., SC-4020. 

(2) The equations of the curves and the 10 best curves can be determined 
in 10 sec since printout can be done anytime after Step 3. The time 
after this step involves about 2 min for each alternate called up for ex­
amination by the man. 

Time 
(sec) 

5 

10 

10 
134 

35 
135 

120 

4 

Item 6 consists of selecting letters, spaces, etc. , on the display tube using a light pen. 

The time to display a full title is large and the man would do well to use a short coded 

identification, filling in the title later (Fig. 6-6). 

Item 7 consists of recording on paper tape the 144 curves, the 10 best, and any others 

of interest (Fig. 6-7). 

6. 3.2 First Trial Runs 

The first trial was designed to establish the completeness of the set of instructions 

written for the operator of the 144 Curve Fit Program. Three separate operators, 
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none having previous experience on the program, performed the operations of the 

Curve Fit Program. Each operator, with less than an hour of experience, could 

operate the program with times approaching those shown in Table 6-1. 

The points of the curves, the X-Y pairs, were chosen from a source which could be 

expected to produce a curve where Y was proportional to the reciprocal of X, includ­

ing a moderate value of statistical error. 

Figure 6-8 shows the hand plot and the operator's best estimate of the curve fitting 

the points. Figure 6-9 shows the machine fits, Curve A being the best fit and B being 

the best of the expected form. 

In Fig. 6-8, the origin is not suppressed as it is in Fig. 6-9, so that the visual com­

parison of the curves is not easily accomplished; however, it is obvious that the form 

of the curve can be identified and the correct values of the coefficients established by 

the 144 Curve Fit Program. 

6 . 3. 3 Second Trial Run 

The second trial was performed to see if a set of points could be recognized by both 

the operator and the machine. The points represent a cubic relationship between Y 

and X. Figure 6-10 represented best estimate of one operator and Fig. 6-11 presents 

the curve generated by the Curve Fit Program. (The randomness introduced into this 

set of curves was so great that the set would probably be discarded if it were being 

used in any realistic situation.) 

6. 3.4 Third Trial Run 

The data used in the third trial contained a random point which, by examination of 

Fig. 6-12, is seen to be a wild point and can be excluded immediately if the data is 

plotted. Figure 6-13 contains the best fit curves including the point Curve A and 
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excluding the point Curve B. This trial'demonstrates the difficulty of programming 

the machine to ignore bad data as compared with the capability of the operator. 

From these results it can be seen that the man can be more discriminating concerning 

items which are not programmed into the machine. He can make a be.tter selection of 

"wild points." He can force the acceptance of curves which might be rejected by the 

computer and he can choose whether or not to use data at all. The time results also 

show how the user can save time by exercising discipline in choosing which curVes 

to display. 

6.4 INSTRUCTIONS 

The operator should prepare himself for the particular program before working at the 

machine. In the present program, he should have plotted the points estimated for the 

. best fit curve, its form and degree, ·and ask for this immediately from the machine, 

thereby reducing the total display time. The data should be prepared for input so that 

the fastest approach is used. In the present case, the use of punched cards reduced 

the input time rrom 10 min (console/ light pen input using A/ N Register vs cards) to 

about four sec. In general, this preparation should include (at the minimum): 

a. Before Going to the Graphics Console: 

1. Graph data 

2.· Mentally review physical considerations 

3. Decide on most likely functional form 

4. Select possible alternates 

5. Estimate accuracy of data 

6. Clean up obvious wild points 

b. Use of Computer: 

1. Punch cards (Do not use light pencil for original input. ) 

2 . Run through steps A - F 
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3; If first choice appears in top ten, call for display: 

(a) If this curve is obviously acceptable, print and leave. 

(b) If curve is not obviously acceptable, call for alternates. 

(c) If one or more alternates are obviously acceptable, print and leave. 

(d) If some alternates cannot be obviously accepted or rejected, print 

out and go to desk for further consideration. 

4. If first choice does not appear, either call for first choice and look at it 

or call for alternates. 

5. If no alternates appear on display, go back to desk and consider possible 

reasons. 

NOTE: Only decisions which are obvious (i. e., can be made quickly) should be 

made at the console. 

6.5 SUGGESTIONS FOR MORE EFFICIENT DIVISION OF LABOR BETWEEN MAN AND 
COMPUTER 

The original designer of any man-machine program should keep in mind the speed of the 

computer, the speed of the mechanism which communicates with the man, and the speed 

of the man in making decisions as well as the speed with which the man can communi­

cate with the machine. 

This implies that the computations should be done by time-sharing if a high-speed com­

puter is used since a very small fraction of the time is generally spent in calculations. 

As can be seen from Table 6-1, the longest times are associated in generating a change 

in the display, i. e., for generating curves as in Items 4 and 5, or of generating a title 

as in Item 6. Part of this time is utilized in erasing the existing display; however, as 

can be seen from Item 2, this is not too great an interval. A major portion of the time 

consumption is in generating the displays of curves as shown in Items 4 and 5. It ap­

pears that this is because we have copied too slavishly man's method of operations. 
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Since the psychology and physiology of the computer differs markedly from man's, it 

can be expected that suitable strategies differ correspondingly. Also, since the man 

is more flexible than the computer, he should expect to adapt himself to the limitations 

of the computer. 

With respect to curve plotting, the man does not like to compute points. He has a good 

interpolator in the French curve. He also needs coordinate paper as an aid to placing 

points. On the other hand, the computer is extremely efficient in computing points and 

does not need paper. It does, however, have difficulty in stringing them into a con­

tinuous curve. The curve generation could be shortened by dropping the coordinate grid 

and printing only discrete points (50 might be enough) and allowing the man to do the 

interpolation visibly as part of his evaluation of fit. Part of man's adaptability is this 

capability to visualize the connections between close points. 

6.6 SIMULATION 

Lockheed has prepared a simulation code, LOMUS I, which simulates operations of a 

complex "job sh,op" where long predictable runs' are not realized. A large computer 

facility has such a character. The output can answer such questions as: 

1. Will the cost of adding another machine, component, subsystem or operation 

be more than offset by the increase in service? 

2 . Should a system structure of type A or type B be acquired? 

3. Could system performance be improved through the use of differe~t sched - , 

uling rules and information networks? 

4. What procedures should be followed to minimize the disruptions due to a 

computing machine failure? 

5. What is the probable impact of a priority scheme upon system performance? 

6. How do manpower variations affect system cost? 

7. How are the dynamics of queues affected by work load variations? 

8. How does the average system response time vary with work load? 

9. How does the input job. mix affect machine utilization? 
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The LOMUS I program requires information based on operating experience. This in­

formation include s data tables and parametric input. A list of these from LOMUS I 

is as follows: 

Data Tables 

Manning 

Workload initialization 

Software 

Transit time 

Function volume relationships 

Distributions 

Arrival rates 

Machine name and cost 

Parameters 

Workload initialization and rate 

De bug percentage 

Scheduling rule 

Routing control 

Manpower loading 

Constraint complexity 

Priority allocation 

Value control 

Application area 

The addition of the man in the loop would emphasize the variability of estimated time 

to complete a job due to choices which a man can make during the running of the pro­

gram. The other inputs would be the same. Therefore, no modifications to the pro­

gram are recommended at this time. 

6-25 





7. 1 INTRODUCTION 

Section 7 

HARDWARE ANALYSIS 

It is the purpose of this section to discuss the compatibility of the programming speci­

fications contained in this report with the Univac-supplied Advanced Mariner Display as 

described in the Univac Product Description S-90060. Because the Univac specifications 

were not available until late in the contract period, all specifications were written as­

suming a generalized hardware and software system. The Control Data Corporation 

(CDC) Digigraphic 270 system typifies most of the desirable features of a computer I 

graphics configuration. It was used as a standard system with which LMSC had had 

experience and it could be easily written about. Therefore, this section will describe the 

CDC system, discuss the influence some of the assumptions have had on the program­

ming speCifications, and evaluate some of the changes which will be required by the 

use of the Univac system. 

7.2 HARDWARE SYSTEM CONFIGURATION 

The assumed hardware system as configured in Fig. 7-1 comprises the following types 

of units: 

• Three CDC 273 display units and a controller 

• A CDC 3300 computer with 32,768 words of memory 

• Random storage on two, 2-million word disc drives 

• A high-speed printer (1000 lines per minute) 

• Four tape units 

• A card punch 
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Assumption of this system will influence such decisions as the follwing: a. Should 

the display console operator be given the option of entering parameters on cards or 

must he enter all parameters through the display interface? b. Can the operator 

get immediate access to printed output or must the display console software provide 

for paging through lists of. output parameters? c. Will the program fit into the mem-

0ry of the machine in one segment or must it be partitioned? 

Upon configuring the target Univac system, each of these questions and others will have 

to be asked again and the answers reevaluated. 

7.3 SOFTWARE SYSTEM 

The assumed software support is based on the CDC Functional Control Package. This 

. software will support up to three display consoles on a time-sliced operating basis under 

which the consoles may share application and software support programs. The system 

provides several features described below. All of these features have been assumed in 

writing the programming specifications and all of them are considered to be necessary 

for harmonious multi -console operation. The features are as follows: 

• A basic software operating system comprising system and application programs 

to lend homogeneity to the· operation. This permits any application programs to 

be run from anyone or several consoles Simultaneously with any other program 

functioning at another console, and with a minimum duplication of programming 

effort and computer memory content. 

(I A basic package of programs that can be called from any console to perform 

certain universal operations, e. g. entering parameters, drawing lines, col­

lecting groups, transforming or erasing graphic entities, storing and retrieving 

displayed graphics, etc. 

• A standard model structure which will provide a link between the herrarchy 

represented by the world as shown on the display window and the universe as 

defined within the computer. On the CDC system, the model defines a "universe' 

eight-million addressable units square while at the window of the display (only 
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four thousand units square) the viewer may examine any part of this world with 

a useful range of display magnification of 1 to 32,768. For example, working 

at an accuracy of 1 x 10-4 in. per unit, the universe may contain a drawing 

70 ft long by 70 ft high. 

• A package of programs which can be called by an application to p.erform mani­

pulations of the model and of the display such as: entering a graphic entity or 

other data into the model, displaying a light button, or copying and moving a 

template group. 

The basic specification decisions influenced by these assumptions are as follows: a. 

What is the operating environment of the application program, and how is it called? 

b. Which standard console operations may the application program take advantage of? 

c. How should the problem be structured by the program to best use the model pro­

vided? d. Which operations are easy to perf~rm on this model and which are difficult? 

7.4 DISPLAY OPERATIONS 

The facilities ~iscussed here are assumed to bOe available to the display console opera­

tor. The following paragraphs describe the functional features and areas of the console 

shown in Fig. 7 -2: 

• Display Working Surface: A section of the display designated for presentation 

of the. window through which the window is viewed. It is on the window area 

that the lines or other graphic entities are displayed as the operato:r: vie~s 

and/or operates upon them. 

• Display Control Area: A section of the display designated for presentation of 

general operator controls such as light buttons or registers for entry or display 

of parameters. 

• Light Pen: The pen is used to select graphics, registers, or light buttons to 

perform specific functions. The pen is also used to select and move the track­

ing cross. 
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Fig. 7-2 Display Console With Permanent and Programmed Controls Shown 



• Tracking Cross: A special graphic entity in the form of a cross which may be 

moved with the light pen and is used to designate an area of the working surface 

which is not illuminated and thus not selectab.le with the light pen. 

• Function Keyboard: A hardware box of keys that the operator may press to 

indicate an operation to be performed. The definition of each key is change­

able under software control. 

• Light Button: A special graphic entity which is used like a function key. When 

selected by the light pen, an operation is called. 

• Alphanumeric Keyboard: A keyboard for entering alphanumeric data. On 

the CDC system this consists of an array of light buttons. No difficulty is 

foreseen in substituting a hardware keyboard. 

7. 5 CONVERSION CONSIDERATIONS 

The following discussion will give consideration to the differences between the CDC 270 

system with the Functional Control Package software and the Univac Advanced Mariner 

Display. These differences will be evaluated in light of their infiuenceonthe program­

ming specifications depicted in this document. It should be noted that a philosophical 

difference makes direct hardware comparison difficult; this difference is the trade 

between software display generation on the CDC system and hardware display generation 

on the Univac· system. For this reason the two systems should each be evaluated as a 

hardware/software combination. Since little or nothing is lmow of the Univac software, 

this is difficult. Table 7 -1 compares the display characteristics of the two systems. 

7 . 5. 1 Hardware 

It is readily seen that hardware for both systems is comparable in size and speed. 

Any speed differences are considered insignificant because both systems can display 

a satisfactory quantity of data in regeneration cycle time. Size considerations, how­

ever, are more severe since many of the programming specifications make use of 

light buttons and registers. (The 12 -in. -square display area does not allow much space 
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Table 7-1 

HARDWARE COMPARISON - CDC 273 VS. UNIVAC MARINER DISPLAY 

Parameters CDC 273 Univac 
~--------------------------~--------------------------------------~----------------------------------~ 

Basic Display Generating 
Scheme: 

Display Dimensions: 

Usable Display Area: 

Shape 

Area 

Display Working Surface: 

Display Control Area 

Addressable Units 

Inches Per Unit 

Display Timing(a) 

Random Reset 
Positioning 

Long Line (17 in.) 

Short Line (0.5 in.) 

Character (average) 

Character Generation 
Characteristics: 

Character Size: 

Small 

Large 

Characters Per Line: 

Small 

Large 

Character Rotation 

Generation Method 

Console Controls for 
Operator Action: 

Function Keyboard 
(Program Definable) 

Alphanumeric Keyboard 

Light Pen 

Light Buttons 

Hardware displays as commanded by 
drum memory. Display synchronized 
to drum revolution. Nonlinear analog 
display characteristics compensated 
for by software when commands are 
written. Regeneration fixed at 30 Hz. 

CDC 273 (with standard software) 

20.5 in. diag'onal round 

323 in. 2 

11 x 17 in. 

Circular sectors outside of the 
11 x 17 in. construction area 

4,096 x4,096 

0.005 in. 

25 J1.s full screen, 20 in. 

44.08 J1.s 

4.04 J1.s 

10 J1.s 

0.14 x 0.1 in. 

Not programmed 

146 

Not programmed 

Not programmed 

Software vectors, variable font 

24 keys 

Software feature: 
Variable font displayed in lower 
control sector 

Standard 

As desired in Control surface 
sector 

Hardware display as commanded 
by core memory. Memory 
synchronized to display character­
istics; next display instruction 
waits for completion of previous. 
Nonlinear display characteristics 
do not manifest thems~lves. Regen­
eration rate set by software in display 
controller. 

Univae 

12 x 12 in. square 

144 in. 2 

Full screen 

Minimal(b) 

1,024 xl, 024 

0.010 in. 

15 J1.s full screen, 17 in. 

32 J1.~ 

2 J1.s 

5 ps 

0.14 x 0.095 in. 

0.28 x 0.190 in. 

80 

40 

90 deg 

Hardware generator, fixed font 

35 or 40 keys 
(Text says 40 j figure shows 35) 

Hardware keyboard fixed 
alphanumerics 

Optional 

Very little room for light buttons. 
but usable(b) 

(a) The times shown for the CDC 273 are average times for the specified length and are dependent on how the 
software package chooses to generate the beam driving' instructions to produce a smooth line. 

(b) If graphic entities are displayed simultaneously with control functions, minimal usable area is available 
for control (light buttons and registers) . 
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for other than graphic data presentation). The user of the Univac system would have 

to make greater use of the programmable function keys as a less satisfactory sub­

stitute for the light buttons. With respect to the alphanumeric keyboard and the hard­

ware generation of characters, the Univac equipment would seem to have an advantage 

unless a variable type font is required. In summary, the hardware considerations 

cannot be fully assessed without a detailed hardware/software description, but it 

appears that there will be no major problems. 

7.5.2 Software 

The software system assumed in these specifications for the various applications dis­

cussed in this report is considered to be near minimum level for operation of a display 

system for a diverse group of users ·operating simultaneously. Without such a basic, 

comprehensive software package, each appl~cation must provide all distinct operating 

procedures, console controls, model manipulations, etc. 

The graphic programming language outlined in the report of Adams Associates to 

Univac would, be a most satisfactory basis for such a comprehensiv~ software system, 

however it is not all clear from this report or from the Univac documentation that 

such a language will actually be provided. It is a requirement that if a comprehensive 

package is not provided by Univac with the delivered hardware, and differing and dis­

tinct applications such as those outlined in this report are to share the graphic facility, 

then a basic package of software and manipulative routines must be specified and writ­

ten to ensure homogeneity of all efforts. It is estimated that a· software effort of this 

size will require eight to nine man-years of programming effort. 
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Appendix 

GLOSSARY 

AC ANALYSIS: The analysis of the behavior of a circuit which is subjected to steady, 

single-frequency, sinusoidally varying waveforms. 

ACCESS, RANDOM: Access to storage such that the next position from which informa­

tion is obtained is not dependent on previous location. 

ACCESS TIME: The time interval between the instant at which the arithmetic unit 

requires information from storage or memory unit. 

ACTIVE ELEMENT: A source of current or voltage. 

ADDRESS: A label, name, or number. 

ALGORITHM: A fixed, step-by-step procedure for performing some data processing 

function, usually a simplified procedure for accomplishing a complex result. 

ALPHANUMERIC: A generic term for alphabetic letters, numerical digits, and some 

special symbols. 

AMPERE: A unit of electric current, abbreviated as amp. 

ANALOG COMPUTER: A computer which calculates by using physical analogs of the 

variables. 

APPLICA TION PROGRAM: Existing analytical engineering program(s) or one to be 

developed. 

ARITHMETIC UNIT: The section of the hardware of a computer where arithmetic and 

logical operations are performed on information. 

BATCHING: Grouping a number of similar input jobs (tasks) together for processing, 

thereby using a single setup or program for a longer period in a single run. 

BIT: Contraction for binary digit. 
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BYTE: A set of consecutive binary digits, usually representing either a character code 

(BCD, BCC, etc.) or some easily manipulated set of digits or portion of a machine· 

word; e.g., an eight-bit or six-bix byte. 

CHORDING: The act of depressing more than one keyboard key at a time. 

CIRCUIT: A communications link between two or more points. 

CODE: A system of symbols for representing information in a computer and the rules 

for associating them. 

COMPILER: A program-making routine which produces a specific program for a 

particular problem. 

COMPUTER: A machine which is able to calculate or compute, i. e., one which will 

perform sequences of reasonable operations with information, mainly arithmetical 

and logical operations. 

COMPUTER WORD: A 24-bit word (for discussion purposes) . 

CONTROL SURFA.CE: The area on the CRT display surface used for light buttons and 

light registers. That area on the CRT not reserved as working area. 

CONTROL UNIT: That portion of the hardware of an automatic digital computer which 

directs the sequence of operations, interprets the coded instructions, and initiates 

the proper signals to the computer circuits to execute the instr-uctions. 

CRT: Cathode-ray tube. 

CURRENT: Refers to an electric current which is the time rate of flow of electric 

charge across a surface. 

DATA BASE: A data storage scheme. 

DATA ITEM: One input variable. It can be an array of values or a single value. 

DC ANALYSIS: The analysis of the behavior of a circuit which is subjected to steady, 

direct current voltage and/or current sources. 

DEPENDENT CURRENT SOURCE: In ECAP, a transistor. A dependent current 

source is always associated with two branches; it is placed in one branch and is 

A-2 



controlled by the other. The assumed direction of positive current flow for the 

dependent current source must be the same as that of the branch in which it is 

placed. 

DESCRIPTOR: The first three 24-bit words related to an entity stored in the Computer 

Graphic List. The descriptor contains the key, category, reference, and parental 

pointer fields for the specific entity stored therein. Every entity in the list is 

headed by a descriptor. 

DESIGN, SYSTEM: A plan or outline for a system covering its aims and' purposes, 

environment, functions, the phenomena to be processed, and the partitioning of 

the system into subsystems and components. 

DIGITAL COMPUTER: A computer in which information is represented in discrete 

form and which calculates using numbers expressed in digits, with yes and no 

expressed in l's and O's to represent all the variables that occur in a problem. 

DIRECT CURRENT: Unidirectional current as produced from batteries, from dynamo 

machinery equipped with commutators, or by means of rectifiers. 

DISPLAY: Presentation of information in a form c'omprehensible by a human being, 

as a chart or graph, hard copy, cathode-ray tube pictures, letters or figures, 

meters, dials, etc. 

DISPLA Y, CORE: A method of graphic display using information stored in the com­

puter core memory. Core display is synonymous with on-line display. 

DISPLAY SURFACE: The 20-in. -diameter area on the CRT face utilized for man­

machine communications. 

DRUM, MAGNETIC: A rotating cylinder coated or impregnated with magnetic mate­

rial upon which information is stored by polarized magnetic dots. 

ELECTRONIC: Pertaining to the motion, emission, and behavior of currents of free 

electrons, especially in vacuum, gas, or photo tubes and special conductors or 

semiconductors. Contrast this with electric, the flow of currents in wires only. 

ELECTRONIC COMPONENT: A device used for controlling current and/or voltage 

in an electronic circuit, e.g., a diode, tube, or transistor. 
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ELEMENT, ELECTRICAL: An electr,ical device which has only one electrical proper1 

e. g., an inductor has only the inductance property and no resistance. 

ELEMENT, GRAPIllC: Copies of the templates displayed on the working surface as 

part of the circuit schematic. 

ENTITY: The smallest addressable information unit within the Computer Graphic 

List. It is 3: variable-length block containing a range of data specified by the 

entity type. There are five classes of entities and within each class there are a 

discrete number of entity types. (See ENTITY CLASSES.) 

ENTITY, ALPHANUMERIC,: A record of alphanumeric data for placement anywhere 

on the display surface. 

ENTITY, APPLICATION: A record for storing general purpose information. 

ENTITY, CHILD: An entity which has been designated as a member of a logical unit 

called a group. Each child entity is related to the parent entity by its parental 

pointer field .. 

ENTITY CLASSES: Ther.e are five general classe,s of entities: (1) control surface, 

. (2) alphanumeric, ,(3) graphic, (4) linkage, and (5) application. Each class con-

sists of a discrete number of entity types. 

ENTITY, CONTROL SURFACE: Within this class four types of entity, are defined: 

(1) tracking cross, (2) frame, (3) light ,register, and (4) light button. 

E~TITY, GRA,PIllC: Within this class five types of entity are defined: (1) dot, 

(2) line, (3) circle, (4) circular arc, and (5) polys,tring. 

ENTITY ,LINKAGE: Within this class one type ofentity is defined: group control. 

ENTITY, PARENT: An -entity consisting of a group of child entities. 

FIELD, CATEGORY: The last six bits of the first 24-bit word of the descriptor for 

an entity stored in the Computer Graphic List. The category field has been, 

established for use by the application programmer. 

FIELD, KEY: The first 12 bits of the first 24-bit word of the descriptor for an entity 

stored in the Computer Graphic List. The key field defines the entity type. 
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FIELD, PARENTAL POINTER: The third 24-bit word of the descriptor for an entity 

stored in the Computer Graphic List. Zeros in this field indicate that the entity 

is not currently grouped. When the entity is grouped, the field contains the list 

address of its parent entity. 

FIELD, REFERENCE: The second 24-bit word related to an entity stored in the 

Computer Graphic List. This fi~ld may only be used by the application program. 

FIXED CURRENT SOURCE: A current source that has no provision for varying its 

output. 

FIXED POINT ARITHMETIC: An arithmetic notation or representation in which all 

numerical quantities are expressed to the specified number of digits, with the 

point implicity located at the same specified position. 

FIXED VOLTAGE SOURCE: A voltage source that has no provision for varying its 

output. 

FLOA TING POINT ARITHMETIC: An arithmetic notation taking into account varying 

locations of the base point, writing each number by specifying its sign, its coeffi­

cient, and its exponent affecting the base. 

FLOW DIAGRAM: A graphical representation of a sequence of operations. 

FRAME: Usually a rectangular display on the CRT display surface which encloses the 

working surface; however, the frame dimensions can be changed by FCp· common 

parameter s . 

FREQUENCY: The rate at which a current alternates, usually measured, in cycles 

per second. 

GRAPHIC APPLICATION PROCRAM: A computer graphic program written for an 

application program. 

GRID, CONSTRUCTION: An area consisting of 8,388,607 addressable points in the 

X and Y planes. This is the area upon which the user constructs his model. The 

construction grid can be scaled by the user for his particular application. 
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GRID, DISPLAY: An area consisting of 4,096 addressable points in the X and Y planes. 

The display grid circumscribes the display surface so that any combination of 

points in the X and Y planes can be given on the display surface. 

HEURISTIC: An intuitive trial and error method of attacking a problem (as opposed 

to the algorithmic or set procedure method) . 

HIERARCHY: A ~pecified rank or order of items, personnel orders, nested sub­

routines, etc. 

IMPEDANCE: The term expresses the relation between a sinusoidally varying quantity 

(such as force, pressure, voltage, electric field strength, temperature) and a 

second quantity (such as velocity, current, magnetic field strength, or heat flow) 

which is a measure of the response of a physical system to the first. 

INDEX, ZOOM: Binary logarithmic ratio of display grid units to construction grid 

units provided for use by the operator to magnify the display on the working surface. 

The magnification can be increased or decreased in int~gral increments of powers 

of two. 

INPUT: Information transferred from outsid~ the computer, including secondary or 

external storage, into the internal storage of the computer. 

INSTRUCTION: A machine word or a set of characters in machine language which 

specifies that the computer take a certain action. 

INTEGER: A whole number; not fractional or mixed. 

INTERFACE: A common boundary between systems or parts of a single f?ystem. 

I/O EQUIPMENT: The set of devices used to present information to and receive 

information from a computer, e.g., card readers and punches, printers and type­

writers, paper tape readers and punches, magnetic tapes, data channels, CRT 

and console displays, mechanical switches, and magnetic drums. 

JOB: An operation or series of tasks to be performed on a computer or in a computing 

facility . 
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KEYBOARD: Consists of 25 manually operated keys and is part of the Computer 

Graphics Console. The functions of the keys are defined by the software but can 

be modified or completely changed by the user's application program. 

LANGUAGE: A system consisting of a carefully defined set of characters, rules for 

combining them into larger units (words or expressions), and specifically 

assigned meanings, used for representing and communicating information or data 

among a group of people, machines, etc. 

LIGHT BUTTON: Software-defined functions displayed on the control surface. There 

are primary and sec oodary light buttons; a primary may have up to 16 secondaries 

associated with it. 

LIGHT PEN: A pencil-like bundle of.fiber-optics and associated hardware. It is used 

by the operator to interact with data on the display surface. It does not write on 

the display surface; rather, it senses the current X and Y display grid coordinates 

of the light beam and, under appropriate program control, the display can be 

updated with a light-trace of the light pen's path. 

LIGHT REGISTER: There are several FCP-implemented light registers displayed on 

the control surface. They are provided for operator input of data and for output 

of program -generated values or data. 

LIST, COMPUTER GRAPIDC: A data base containing the parameters which define the 

entities created by and related to the Computer Graphic System. It is kept in 

book form. 

LOGIC: The science that deals with the canons and criteria of validity in thought and 

demonstration of fact; the formal principles of reasoning. 

MAcmNE LANGUAGE: Information in the physical form which a computer can 

handle. 

MEMORY: Any device into which information can be introduced and then extracted at 

a later time. 

MODULATION: Process by which certain characteristics of a wave are modified in 

accordance with a characteristic of another wave or signal. 
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OPERATION, REAL TIME: The processing of data in concert or concurrent with a 

physical process so that the results of the calculation are useful in the physical 

operation; continuous data processing in synchrony with an attendent upon another 

operation. 

OPERATOR: The person operating the graphic console. Same as USER. 

OPTIMIZE: To arrange phenomena to achieve a maximum operation or effect with 

regard to some variable. 

OUTPUT: Information transferred from the internal storage of a computer to 

secondary or external storage or to any device outside the computer. 

PAGE: Sequence of N consecutive computer words where N is arbitrary but fixed 

for a particular application. 

PICKING: The FCP function which identifes specific graphics or points on the graphics 

through interpretation of light seen by the light pen. 

PICK TABLE: A table in which the item pointed to on the screen is placed for program 

interpretation and execution . 

'PL UGBOARD: A removable board holding many electric terminals .. 

POINTER: lvlechanism for obtaining an address; usually the address itself. 

PQI~T WRITING: A dot displayed in the upper left quadrant of the tracking cross. Its 
j". • 

purpose, as the location of the tracking cross, is to enable light pen definition of 

specific points such as the center point of a circle or the starting and end points 

of a'line. 

PRINTOUT, DYNAMIC: A dump or printout taken during the' course of processing. 
: . . 

PRINTOUT, HARD COPY: The 'printing of infor'mation onto paper from another storage 

medium or from a processor. 

PROGRAM: A precise sequence of coded i~~tructions enabling a digital computer to 

solve a problem. 
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PROGRAM, UTILITY: A program necessary to support the development and main­

tenance of other programs or program systems, or to support a computing and 

programming facility. 

PROGRAMMING: The act of planning, flowing, coding, debugging and testing a 

program. 

PULSE: In general, a sharp difference, usually over a relatively short period of time, 

between normal level of some physical variable corresponding to the average 

level of a wave or waves and a high or low level of that physical variable corre­

sponding to the crest or trough of the wave; often a sharp voltage change. 

RANDOM ACCESS: Access to the memory or storage under conditions where the 

next register from which information is to be obtained is chosen at random - in 

other words, it does not depend upon the location of the previous register. 

SCANNING, OPTICAL: Reading information from cards or papers via a light-sensitive 

device. 

SCISSOR: The act of dropping out an entity from the display when, as a result of de­

magnification due to the zoom index, its coordinate parameters exceed the range 

of the display grid. This is a software function. 

SIGN-ON: The last part of the FCP initialization procedure which initiates Computer 

Graphic System operation by calling the SIGNON overlay, transferring control to 

a display system executive routine, and enabling all keyboard and light button 

controls. The frame, light buttons, and light registers are then displayed. 

STRING: A sequence of groups of conseutive computer words in which one word in 

the group is a pointer to the next group of words. The string is terminated with 

a null pointer. 

SURFACE: The area reserved for light buttons and light registers. The area on the 

CRT display surface exclusive of the working surface. 

SURFACE, DISPLAY: A 20-in.-diameter area on the CRT screen utilized for man­

machine communications. ,A light blue, field-free display is presented to the 

operator due to components of the P7 phosphor coating deposited on the inside 

surface of the CRT screen. 

A-9 



SURFACE, WORKING: One of two divisions made on the CRT display surface. The 

working surface is enclosed by a frame (viewing window) which is a displayed 

graphic. 

TABLE, PICK: Used to store references to specific parameters selected for subse­

quent graphic construction or processing by either FCP or application programs. 

TEMPLA TES: Graphic models of components. A circuit diagram. 

THESA URUS: A collection of words or other stored items arranged by concept rather 

than by alphabetic order, rank, or sequence. 

TIME SHARING: The use of a computer or other device for two or more purposes 

during the same overall time interval through multiprocessing, interleaving, 

alteration of tasks, etc. 

TRACKING: The FCP function wl1ich maintains cognizance of the position of the light 

pen as it moves across the display.surface. A core-displayed tracking cross is 

used as the light source for the light pen. 

TRACKING CROSS: There are two tracking crosses displayed, one at the lower left 

and one at the lower right of the display surface and just outside the working sur-
. I 

face. They are an integral pat:t of the frame 'and serve as a light source for the 

light pen while tracking. 

UNIT, CONSTRUCTION GRID: The spacing between the 8, 388,607 points on the X 

and Y axes of the construction grid. , 

USER: The person operating the graphic console. Same as OPERATOR.' 

VOLT: A unit of electrical potential difference, abbreviated V or v. 

WINDOW CONCEPT: Method us~d whereby selected portions of ~.picture can be 

displayed on the CRT. 

WORD: A set of characters which occupies one storage location and is treated and 

transported as a unit by t~e computer circuitry. Words may be fixed or variable 

in length depending on the construction of the particular computer. 

WORD SIZE: The number of bits or <?haracters in a computer register. 
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