
NBSIR 78-1425

Institute for Computer Sciences
and Technology Publications,

1966-1976

Addie G. Chattic

Information Technology Division

Institute for Computer Sciences and Technology

National Bureau of Standards

Washington, D C. 20234

January 1978

Issued April 1978

U S. DEPARTMENT OF COMMERCE

NATIONAL BUREAU OF STANDARDS





NBSIR 78-1425

INSTITUTE FOR COMPUTER SCIENCES
AND TECHNOLOGY PUBLICATIONS,
1966-1976

Addie G Chattic

Information Technology Division

Institute for Computer Sciences and Technology

National Bureau of Standards

Washington, D C. 20234

January 1978

Issued April 1 978

U S. DEPARTMENT OF COMMERCE, Juanita M. Kreps, Secretary

Dr. Sidney Harman, Under Secretary

Jordan J. Baruch. Assistant Secretary for Science and Technology

NATIONAL BUREAU OF STANDARDS. Ernest Ambler. Director





Preface

This bibliography contains references to publications in various
areas of computer science and technology by personnel of the Institute
for Computer Sciences and Technology (ICST), National Bureau of
Standards (NBS) . ICST authors publish in a variety of media, including
technical journals, conference proceedings, and NBS publications series:
technical notes (TN's), special publications (NBS-SP's), informal reports
(NBSIR's), monographs, and others. Only the material published by ICST
authors in the NBS publications series is covered in this bibl iography

.

This listing covers the period 1966, when the Center for Computer
Sciences and Technology (now ICST) was established, through 1976. An

addendum lists the first 16 documents in the new Series on Computer
Science and Technology, (NBS Special Publication 500-), which was
initiated in January 1977. Readers are also referred to NBS Publications
List 84, which lists publications by ICST personnel in all media for
1974-76 and all Federal Information Processing Standards (FIPS) publi-
cations in effect. A copy of NBS PL 84 can be obtained by writing to

ICST, Room B260, Technology Building, National Bureau of Standards,
Washington, D.C. 20234. ICST plans to keep current such lists of
publications by the staff, for ease of reference by colleagues in the

computer field.

Copies of the documents listed in this bibliography may be

consulted in the Information Technology Division, Room B250, Technology
Building, National Bureau of Standards (in Gai thersburg , Maryland).
(For information or directions, call (301) 921-3517.) Inquiries about
individual papers may be addressed directly to the authors at the

Institute for Computer Sciences and Technology, National Bureau of
Standards, Washington, D.C. 20234. (Readers are advised, however, that
older publications are generally out of print and are available only for
consultation at the Information Technology Division, as noted above.)

This compilation was prepared by Addie G. Chattic, assisted by

Martha M. Gray and Jacqueline B. Jones of the Information Technology
Division. The manuscript is computer produced except for a few typed

pages prepared by Barbara Peterson of the Division. Comments on this

and suggestions for future bibliographies will be welcomed by the

Information Technology Division, ICST, NBS.
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INSTITUTE FOR COMPUTER SCIENCES

AND TECHNOLOGY PUBLICATIONS, 1966-1976

Abstract

This bibliography consists of the publications authored by personnel in

the Institute for Computer Sciences and Technology (ICST), National
Bureau of Standards (NBS), from 1966 through 1976. The references,
which total more than two hundred, are to publications in NBS media
only. There are three cross-reference indexes to the bibl iography

:

personal author index, key word index, and key word out-of-context

(KWOC) index. Also included is a list of publications in the recently

established National Bureau of Standards Special Publication 500- series.

Key Words: Bibliography; computer literature; computer science publi-
cations; Institute for Computer Sciences and Technology
publ i cations

INTRODUCTION

The Institute for Computer Sciences and Technology (ICST), National
Bureau of Standards, conducts research and provides technical services
designed to aid Government agencies in improving cost effectiveness in

the selection, acquisition, and utilization of automatic data processing
equipment (Public Law 89-306); provides advisory and consultative ser-
vices to other agencies of Government to support the formulation of ADP
management and procurement policies and to assist in solving specific
computer application problems; and develops and recommends Federal
Information Processing Standards. In the course of discharging these
responsibilities, ICST staff members prepare technical reports, technol-
ogy assessments, computer technology policy analyses, and summaries or

proceedings of conferences and symposia which the Institute sponsors or
conducts. Such publications may appear in NBS publications media, in

professional or technical journals, or as separate volumes such as

proceedings or monographs.

The Information Technology Division has prepared this listing of NBS

publications by ICST staff members as a service to colleagues in the

computer field. In order to improve its utility, the listing is accom-
panied by computer-produced indexes. Thus each document was cataloged
and the data recorded in machine-readable form through the use of EDTEXT,
a word-processing computer program for the NBS Uni vac 1108 computer. The
data file resulting from this procedure was run through a special set of

programs developed and operated by the Computer Information Section,
Information Technology Division, to produce the indexes and the biblio-

graphic listing described below.
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HOW TO USE THE INDEXES

Bibliographic Index

This index is the major reference point, to which all other indexes

refer. The index contains bibliographic citations ordered by their date

of publication. The first item in each citation is the accession number,

the first two digits of which represent the year of publication (for

example, 66000001 means that the report was published in 1966). The

complete annotation for each document follows the accession number.

Personal Author Index

Each author is listed only once in this index. Under each author's name
are listed the titles of that author's works, followed by the accession
number of the documents. The accession number is used as a cross-refer-
ence to the bibliographic index for complete citations.

Key Word Index

This index contains key words that were assigned to the documents by the

author or cataloger. Under each key word is a list, alphabetically
arranged, of titles followed by their accession number. This index
cross-references the bibliographic index through accession numbers.

Key Word-Out-of-Context (KWOC) Index

This index consists of significant words from the title of each report.
This index differs from the others in that the titles have not been
truncated: if the title is too long to fit on one line, it continues on

a second line and is followed by the accession number. This index
cross-references the bibliographic index by accession number.

Addendum: Additional ICST Publications

This addendum lists three reports which were omitted from the main
bibl iography , as well as the publications in the NBS SP 500- series,
accompanied by the personal author index (which cross references the
bibliographic listing in the addendum only).
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BIBLIOGRAPHIC INDEX
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IMPRESSION

SUCH

AS

OCCURS

IN

A

LATENT

FINGERPRINT

MAY

ALSO

BE

USED.

A

SECOND

COMPUTER

PROGRAM

READS

THE

DESCRIPTORS

CORRESPONDING

TO

TWO

DIFFERENT

FINGERPRINT

IMPRESSIONS

FROM

MAGNETIC

TAPE.

A

SCORE

IS

COMPUTED

THAT

INDICATES

HOW

WELL

THE

TWO

IMPRESSIONS

MATCH.

PRELIMINARY

EXPERIMENTAL

RESULTS

SUGGEST

THAT

THIS

PROCEDURE

MIGHT

BE

SUITABLE

AS

A

BASIS

FOR

A

SINGLE-FINGERPRINT

CLASSIFICATION

SYSTEM.
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COMPUTER

COMMUNITY.

IT

CONTAINS

APPROXIMATELY

5,200

REFERENCES

TO

COMPUTER

LITERATURE

PUBLISHED

DURING

THE

YEARS

1964

THROUGH

1967.

THE

BIBLIOGRAPHY

SECTION

INCLUDES

THE

FULL

TITLE

AND

THE

NAMES

OF

ALL

THE

AUTHORS

I



w

• z
> • © o o

z UJ hi O CJ if) eg a X hi

z o z z y- •-« a k k
• k hi < o M k <
Q -J » _J 0 CJ D k

a UJ 0 hi CJ a < a z a • Z
if) o » Q z 0 I 1- o hi z z a
CJ D UJ < UJ O a a hi < y- z I >- a k a z
Z -J CD CJ H z CD a. 0 o a CJ _J Z CJ > G

cj M if) z UJ U < < H z I 0 > hi a a a •— • a
o z k hi 0 UJ I D i hi CJ a hi a o o 0 k O z k
UJ M UJ 0 CD a • a a a D hi CJ hi o a hi o if)

UJ X cr O hi o z a 0 a o X u a 0 o Z
u z _J UJ H o z i o a H • hi 0 Z a 0 k hi

o UJ _J u D CJ 3 U if) a 0 H hi < • c a k -J <
CL UJ Z o <D u. o • a if) < * ii y- z a < a I < u o
a CD o CL z Q a h- u a if) a a CM z a 0 • cj z CJ *— z

• a o o a < < o a Q a Z z o V) hi if) J <
UJ UJ z k hi K X o a a a 3 • > hi o a < hi k a hi a 0
u > X cj UJ h- UJ CJ a a y- I y- hi a o > i H hi

0 a z a
z < O UJ CL < CD < a a < a h* a © a CJ a CJ < 0 o < CJ a
UJ I z to D CL 0 a H »-• > z <* CJ a if) a z z k hi a
CL X H Ul < Z a »

\ z y- CJ UJ Z < a Q 0
UJ if) X V a < CD hi a • i z hi D z • K a o a Z a ©
U. CL 0 UJ o hi h* z CJ y- h H a hi X Z i hi X CJ «t o
z UJ hi o CL H o I z hi a a -j o z a n hi h- k hi z •

o k Z Z J— y- o a y- < • z o < 0 < if) o a z a
u D UJ hi >- z hi z hi CJ 0 o a O' CJ a z 0 Z CJ a a N

a -J a hi hi z H > a I © Q z Z c K a o D k n
n z k CL < 2 > hi < z if) a Z < o *1 h- Z o k a k 0
o O h* o a CJ CJ a a < CJ H a a CJ > #

u k X z -J < <J Z hi hi o a a a a Q < 0 z 0 D 0 ro

o k UJ J o UJ a z 0 a i D < 0 a a a Z a hi a a a
z u (/) D z o z “) > D a N »- H a a o c a a o a k a
< k < UJ u D 0 hi Z Q hi D • o I a o o a z o hi 0 o

z J O O o Z z a a o o X CJ a a CJ o o
m o UJ • UJ UJ 0 o a o o o hi a z o > k 0 > n

if) CL a I CL I z CD CJ o K a © a a z z hi z a k a k o
CL k Q k O u H- U. o hi hi 0 -i i a o < 0 hi a hi D a
O CJ X o o hi > D k • z hi I *1 a 0 a k 0
I UJ k k UJ UJ CD < o CJ a > a CJ o if) a a a 0 0
k -J a • G 1- _J o a Z H a if) z 1 < if) < a a o Z a o z
3 UJ < UJ < UJ 0 z o < hi a < < hi o H -j z o a a

> < Q. to CD < a a a i a < a a a o CJ > o CJ X »
cj z < UJ z Q o CD o a a z m a a i o o u a a a Z k O'
o J o > a J < UJ o < o o h > o z CJ - y~ a G 0 if) k M ©
-J « Z I o u a I < in hi a z z U -J hi hi Q a
o 3 0 < a CD • o a a 1 0 i a — *- CJ a hi < a a z Z G z
z D z CL K o a 0 0 < 0 z u • Q z a if) hi < a D
X kM o IL CL CD hi CNJ a a Z i u >• hi a a a o z a -J k ->

u > hi hi o k < 0 z I h* K a hi if) CJ < c a < hi o I z 0 k
UJ *-< k hi -J o • o y- z o CJ z < hi H Q y- u k D a z •

k Q cj z o U hi z hi hi z z 0 D Z a o a CJ Z < a a o
Z < UJ CL CD hi o H a < o a z o H K < < z if) a Z o z if)

Q hi if) k hi • hi a o a _• o z hi a a a hi k < z ©
z z hi X I- CJ \- a o a o H > a i < 0 a < D a
< V < -) CD < hl if) z CJ D b- u < 0 a K i y- i J k a •

CD a z CL < > z z o > hi H CL 1 CJ y- CJ < z CJ a Z Z a >
(

D

k < < G U h- CJ hi hi D > hl O a hi O z Z if) hi hi a a < X hi

ID 0 -J O UJ z O y- D a H a a a Ll1

hi hi a D I if) a o
u a UJ cj D hi < D U —

*

a y- a 0 a y- hi Q a a X o a a
z UJ UJ z CJ > r UJ hi CD 0 z a z y- O a o a a < k a k z »

UJ k UJ h-4 hi hi u UJ a a hi hi z <J a a I -j » a « < a
hi a hi k k o hi I m CJ > i 0 a -J a • if) y- •— a CJ a k o
u < < CL z z K UJ o CD a »- I hi a o > a a 0 o z o z a hi » k
if) X UJ u < hi CJ z a < -j CJ X o hi »- H h* a a hi o 1 -J • hi

u X CL • a o D Q z < < K -J Z z < o 0 CJ > o hi a o
C1 k -J z -> o UJ o hi a a z H < > a hi o -j k CJ a
UJ LL < < u a < z i a Z D 0 a z if) o 0 <
k O z a • o hi h- • -J h- Z > a < a K hi > a a » k
D hi o UJ z H CD a hi z _J u hi if) 0 a < h- a a 1- hi I a Q a X
CL Q a a < H U. UJ CJ • a hi Z Z o a Z Z 0 CJ 0 H a k o o X a
X UJ a D UJ UJ a < a a -j a a a a a D z a Q a CJ k > k
o 0 UJ a _J a CL o • • 0 CD a 0 a H a a 0 0 O i Q a o a a a
CJ O x z CJ UJ u j >- hi D a 0 o hi hi a Z a CJ o < a Z -1

a UJ < Z i o O Gj < CD o • a > a z 0 > < o X X • <
a z hi UJ hi k z > a H z CJ o if) i hi y- hi a a a 0 a X k o z CJ

o o > z UJ # UJ a —* z -j y- a z a < if) a hi CJ V I hi

a cj UJ if) I < a o < z < • D CJ a a CJ z I z hi CJ 0 0 I
CL UJ UJ X CD v£) Z o _J 0 O z a a a o hi o a H < I Z < a

UJ if) I -J hi hi (D z o o • hi o -j a o in a i k X hi a z <
k X UJ k k UJ -J < < a z • D CJ cj a CJ a > y~ H 0 a o a o a
D o CL M k • * a < CD h- a a Z a Q H z a a if) z < I CJ

k Q UJ l/> k < h CD CD a a < a a i CJ if) o a a k CJ z a k
M 0 X UJ U UJ N CD < a • CD I I z D 0 z hi CJ CJ > o < CJ o k a <
k o UJ hi Cl O Z a i cj a H b- a K »-i I Z z < hi X -j »
0 o k hi CD Q 1 O' < O D o a < O a y

- X hi o a a k a 0 a CJ

Z C\J < > O Z 2 CL UJ y~ D • a Z 0 o Z a y~ 0 CJ z a a z < a z
hi I o X hi UJ a O a CJ O CD a Z z K < hi D o o a a k z hi

• k CL X UJ CD o o hi a a 0 a a < a < • X CJ 0 o hi > o _j N
if) a k CL CD a >- a i hi h- i Z i 0 0 z if) X z a a D hi

-J 0 CD O U. z a if) i H a ^ h- 0 CJ y- o CJ CJ a H hi if) _j o o o _i

< Z z Z z 0 I a > Z - hi z o _J > a < -J CJ if) o • hi

z UJ o UJ O » e> UJ D -J a • 0 0 hi D X 1 o c _l 0 a z CJ I k
a k hi k CD a O' z a CD hi z a y~ • < X z <J 0 o k o a o J
D hl k hi UJ < o D < D o z if) a 1 z a > a a M X i hi a X
O u O I (D H < J— i n a Q M • hi z hi a a a n U k k i z 0
"> -J Ul -J Q CJ z CD U a hi X hi X hi Z hi CJ I eg 0 a Z k < CJ

-J if) J hi < UJ hi a o • 0 H a a a H y- a a • i a a a
k < < k a “>

CJ a o a • •“< < h if) o 0 0 z » o hi k o > a a X
-* X G c a <* -J Z a a a CJ a o ® hi z o a
o UJ > CD • cr _j z o • © 0 a a 0 < 0 a Z K if) iij CJ a a o » <

z k Q a • a UJ o o o < o I < hi CJ hi y- 0 o z CJ 0 • a
hi z hi h < • > *— z y- LL »- I h a O a > h 1 o < o k < CJ

if) M k Z o UJ UJ - o • o 0 Z o a • CJ hi < a • z z 0 a if) o z
o UJ z UJ UJ CD a -J u hi _i ^ a hi i 0 a a < -J K D _i z a a a
UJ cj o Ul k z 'Q D < H z> i z a z z -J a < z z a
X z CL o hl o »- >- a < < a u) _J y- o • o o o 1 z • < a z • a o k
if) U-l O hi cr • U < h- a Q. if) < < —* hi z u z I O' u o < if) • CJ a D
hi a * I UJ > hi a X D 0 j K * y~ in < hi o © X a z z a a
J) UJ o CJ hi a CJ a U •* z hl •1 » M > -1 z hi a a a < “> z
03 a UJ k < o CD a K a >- z z if) 0 a > I hi k > a o
D UJ _J UJ • a < 0 a * U 0 y- hi •I z CJ a • < u CJ z U •-< a CJ
Q. a k Q z • o m o z 0* a o *1 a a a z y- a a z a 0 < < CJ < z

UJ u o CD O 0 0 •> i _J a y- K hi z _i H < a o a
Z » k CD o CD z H J— • a if) o hi o 0 0 o hi a 0 < a a 0 k
UJ z G O I UJ CD > a a o 0 o >- z a z 1- o 0 0 < i a k o O
k o UJ CD D CD o H hi a a a a hi z a if) a a o h- 0 < CJ < < D z
•-* hi X UJ a X *1 UJ Z H z < y- H a X a 0 -J © 1 < z I a
k k CD o CL < hi a CJ < 0 < -J < a a »- z hi o 0 a a

X •— i O _J z a » m a 0 CJ CJ I • X 0 a a a
u D z k O a o >J o 0 z O o z y- > o if) o o k a
< O < G _J a a a 0 if) o a •I *— h hi z D o o -J o
Ul < cj < —

•

< < CD CD hi 0 < CJ a O' a a X hi o X a CJ CJ < n a
o
©
o

o
O'

©

o
o
o
<J

o
O'

©

o
o
o

c
0 ‘

©

o
o
o
IT)

o
O'

©

o
o
o
©
o
O'

©

o
o
o
O'
o
O'

©

THE

DESIGN

AND

USE

OF

GRAPHICAL

DISPLAYS

LOCATED

REMOTE

FROM

A

CENTRAL

COMPUTER

SYSTEM

AND

CONNECTED

WITH

LIMITED

COMMUNICATION

LINES

IS

STUDIED.

THIS

REPORT

DESCRIBES

THE

PLANNED

DEVELOPMENT

OF

A

PARTICULAR

DISPLAY

APPLICATION

ON

EXPERIMENTAL

EQUIPMENT,

EMPLOYING

APPROPRIATE

TECHNIQUES

FOR

INSTRUMENTING

THE

PERFORMANCE

OF

THE

SYSTEM.

THE

DESCRIPTION

OF

THE

PLANNED

APPLICATION

CONTAINED

IN

THIS

REPORT

INCLUDES

A

SUMMARY

OF

EXTERNAL

CAPABILITIES

AS

WELL

AS

COMMENTARY

ON

THE

INTERNAL

DATA

STRUCTURES

AND

IMPLEMENTATION.



UJ
NO

(0 *

z o a _J < > 0
z UJ u: z UJ tp IL K 2 G CM

o UJ I < - UJ z o UJ CL 1- WX

a CD t

x

: Y~ z • 3 I X a O K Z
lL UJ > taX CL H a y- to H 3 a u a >- a O

(/) U tp UJ z z Z K UJ UJ G a • X «x

z < 3 O o » y- UJ o > < z UJ < CL CL 3 a Z < > y~ h- 0
o X CL -J I D z <J 0 CL z CL MX G a a o taX < a a
_ Z to o u a taX o O — < UJ -j < a tax a z O X CP > 0

z o a taX z CL UJ O z LL CL a < a
0
a o H z a 0

< o u L- o I o UJ I UJ < CL UJ z z z UJ o u m tax 3 z
Z _ UJ y- u a a UJ Cl *-•

UJ tax X UJ • z a • .X. V c CJ

a K UJ z X UJ to a X J- IL y- I > tax 0 < < G tax a ta

o < I o UJ UJ o UJ h UJ UJ CP j- < < J— o z O'

LL Z J- Q. o CL UJ (0 Z -1 o z < • CL O 0 0 0 0 Z LU u o ©
G z a z 3 D CL H z UJ 3 K z tax 0 O IL a 0 0 0 CP Z a tax

UJ o u o -J H < U 5 < \r- z IL O z o z a a taX IP a >
Q IL o cj u U I UJ taX to o O U •* « < o <J u 0 < < o
O K z z 3 to IL K UJ z z -J < o -J 0 UJ UJ u a o o z o CL z
z u X > UJ tax a 1 U. u tp < o a UJ a Z 0 a o a a a z 3
< CL x j- UJ UJ UJ < UJ CL UJ N < < CP a a i G < K w-t

G a -J O y- to to z CL K to K H y- y~ J I < z z • w h cr <
< H” < z u tax -J tax -1 o Z Z z -J z a a tax o < CP 0 p

z X u UJ tp tax < »- J o o a UJ O -X < UJ 3 •-X y- z • O z a
a LU HX z z I H < > CL z u UJ z 0 y- • 0 H Z a —

k

z tax Q 0
UJ I o a < < I X 3 tax CL a z y~ 0 2 0 < a y- a < CL Z ©
H O a UJ z < O 3 UJ a a Q UJ CP z a O taX a z 0 u h- 3 <
Z H < I < CL IL < _J _J UJ H 0 UJ tax UJ tax -J 0 a > z 0 0 •

ft a tP _J o IL a -J a 3 a 0 z b. a 0 taX a 0 a < 0 >
to cp to < z 3 < X O UJ 0 z a G 3 CL a a CP tax

Z taX z a a tax UJ o o O CL UJ UJ z 2 < tp UJ u a < 0 CP a a z z O
< a >-< UJ I to CL *-x u UJ - < tax i ft »- U < z a h tax

CP UJ I i u 3 u. o z UJ X Z Z • UJ 0 H a z a X UJ 0 a Q
z z y~ J- to ? % UJ z UJ X 3 >-O 0 a 0 a a • • z a < o a 0
a a Z a 5 • < z a tp y- 0 I a o < < u 0 3 z a o z
o _J < * o z UJ tp UJ 1 y- 3 u • a G a 0 a u o
IL UJ tax o CL taX < « i a J -J < u O UJ CL y- G <r o <? o 0 0 a
Q < h- V tax z Q z K 3 o -J 3 X z Q UJ O taX 3 a 3 0 a a H

O O • K < I UJ o a UJ > c o h- CL a a K z K z 3 u
h- z o < -J U- o y~ o IL IL j- 2 0 UJ <t u u 3 taX h* a — -X O j- 3

UJ o UJ o < * u z O z CL < a < z K G a G a a a
a I to a UJ < z o 0 O z UJ G z o < a o a i z < j-

>- UJ u to to »- z • _J 10 o u < UJ O < 0 UJ o a u z z 3 z »- X i 0
cp h- 3 UJ X UJ UJ *-x J J h- UJ a 2 CL Z I CL u o • < y- < u CJ z
o 3 to u I i (0 o z taX IL o tax < »- CL < o a a taX z a tax

_» a o H H CD z • u UJ CL H Z 3 < a -1 z tax 0 u a G a o k a
o z U. a D G < CL UJ D UJ O Z 0 o z < a a < z a a a a tax a
z o o a u y- to taX o a to UJ o h* UJ o 0 < G UJ a i a < z a a a u
I u o z »- • z 3 h UJ 0 a tax UJ CL U X h* < a a K < 3 i H z
u Ul UJ UJ to < CL < U < u 0 > H -J CP y- a IIJ a o H 0 <
LU G > to -J to ft z UJ a 3 3 0 UJ u -J Q X < H y- a a G z a z
»- < ft ft < UJ I CL z -X -1 z I CL 0 UJ z o Z o a 0 a u < o > • a a

h- H 2 > a O -J UJ y- »- 0 Q o _J tax a < a a a Z z CJ X 0 o »-

o »_) <J a UJ a U. 3 a z tax 0 Z UJ i -J H < o »- tax a tP W a 0 z
z cp UJ UJ ft LU Z z • H X 2 Z < a h- J a z Q a 3 a o a tax a z z tax

< 3 i cl (L tax tax • o Z u o CL < u UJ O UJ z tax O CL a 0 0 o a <
Q CD K I I taX O UJ UJ u IP X o K u y- o a a a < a a H o z

0 o O UJ I K I to u a u O 0 y- < UJ 0 X i Q a 0 a G < a
ID < a U tax u * 1 to z 0 CL * H -J u UJ z G a K z a 0 < a o
V UJ a tax D Z z o < taX a UJ CL < Q. y- o a tax < Z K > > a z
z a X o o I (0 < K IL Q z < o Z IL tax z < a K a a CL l <
UJ o y- z 2 Q cr o a >- UJ X -j o u. 0 H f o 0 X a U G O H
tax » < UJ H U. • o o CL I K tax -J u < cn < 0 —t H I HX K CP

u UJ o to y- z & UJ -J u K h- z < a z a (VJ 0 • h- K G NX Z z
0 0 • UJ UJ z z UJ » NO (/) o u taX UJ tax 3 UJ K UJ > K C CP a < 0 tax

3 >- K IP o UJ to • 3 a < 3 a I 0 Z 0 » a G a G z Z a z Z O H
a J- < < tax to UJ CL »- t O z K < CE Z o X X 3 < tax o CP tP a a <
UJ UJ tax -J CL H UJ a • 3 u Z z z CL < > z Q taX o CP P 0 G 0 < taX a a CL

K X J- 3 O < CL a > o UJ o tax taX K -J -J < •-X a taX a UJ 3 z z 0 a < a
3 h z a J- N a UJ y~ • UJ u u z < -J CL 3 H taX X i a > o i- a
a UJ *-» 10 M UJ a X UJ • 0 UJ UJ X < UJ O u. < UJ K a X* tax o a < o
z o z z a K * o o CL UJ K y~ tax > u o CL I < taX a G a I- a u V
o H < UJ < o Z > in to z 3 V 0 y~ o y~ y- 2 X U u < < z z taX z
V < z I e UJ y- UJ CL o < < y- < >- o z * z 0 o H z a Q a a

o V K a CD X < IL 0 z UJ UJ o taX tp hi Q • a a Z a a »-

a UJ ft • c y- -J • • UJ CL CL 3 0 z o w z z > a 0 CP a a < a H z 0
o tax I o a y- z < z > z u UJ UJ UJ O 0 tax (\J K tax tax o K a a o H a a CP >
a -J a UJ o U.t 10 UJ u taX UJ z a »- u IL UJ H 0 < a z K G < 0 z a 0 a a < 0

a < ft a to D ft tax to a K UJ z z < -J © o < a G taX < a Q a * z 0
Ul a a. a o Z z I < to 3 UJ X u. 0 UJ Z o 3 © < J z 3 a z a z X 3
K < t5 o X UJ a z # > o 1- 3 < CL tax z Z 3 a Z u a < a «* 0 Q 0
3 o UJ J— I > < o K to UJ UJ UJ 2 UJ < taX • z Z taX 0 o a < tax a

z Q o o u z CL X Z (0 z X y- 2 0 0 o tax Q 0 a z o z o o < Xx a UJ z X a taX o CP UJ a. UJ h* z »- o X ft 0 z o 3 CP z y~ h* o *
h UJ > > o I u z UJ UJ z X ft a z taX • «-x y- < 0 ta H taX o < z
0 K X UJ o -J • taX K tp tax UJ tax z < > < h * taX oo CJ y- I < *

z UJ CD a z y- < cr CL 3 < u • UJ H- > z z o tax 0 z 2 a a G a a u y- o
tax G u a o to 10 z UJ UJ a H UJ z I • 3 < UJ x -X > < o K a o 0 a 0 0

< a V tax a o CL CD a z -J a 3 h- Z a 0 UJ 0 < Z G < a Z z a •** z
a UJ < UJ to *-* z UJ a X o o to cr UJ z 2 _J CL UJ a 0 a < < a o 0 a >- o
UJ a z CD to i \- 3 UJ u > U. > o -J H 0 -J h- 3 a Z X a a u a G
z D to to X X UJ UJ o taX u < UJ CP 0 < 0 H a y- o a z < <
UJ > K H u z tax UJ y- H Q UJ i i tp tax 0 z Cl > Z a 0 • a a a a o a
CP -j ft to to o <J UJ I y~ K 0 UJ y- • UJ 0 a i ft < y~ -X V) o I a z

_j 3 tax tax H UJ • UJ CL y- -J UJ I z 0 IL » o z j- i 3 a u y- a o •

UJ < y- Z c J~ tax I CL LL < CL LL ft a y- < y- O' UJ Z z y- G a CL a taX a u 3
X z < < H IL I IL UJ O < < z X © IL o tp z 3 z ft a 2 a a
H a I z < _J • UJ to O > b- z 0 tax y- u •-X tax < o © CL z a 0 0

UJ H Q UJ • to
1 o CP UJ 0 o 0 a taX y— UJ < 0 • a V V 3 a _

0 j- X to CL to -J -1 UJ z z o Z 3 a o u X UJ 0 ta 0 w
| <f) o a I 3

ft X O y- z a UJ • -J z o -J tax o 0 0 3 o H- 0 < 0 a » o a CP < o u O
UJ to < tax UJ tax a >- < tax X o z tax Q < 3 K G • a © o z z 3 < G

to NJ < I X o < X 1- y~ CL z • h- z K -X LL a a I 3 0 a M tax H a
u z >- y- y- to z CL u y- tax h- < < • < » n O < a CP a < 1 z J- 0 »
ft < J- z z z CL < J UJ z CP taX -J z UJ Q • o - tax >- K a o < tax G > •

X X < o o * 3 <1 _J Q UJ z 3 UJ O Q # h- < Z G a a 0 taX a a z 0
a a y- tp o « tax >- Z -J K UJ U 0 3 U o o O o 0 a a a a Z U 1 y- 0 z z
< z CL > »- < Q Z to -J z a 0 UJ u a Q tax 0 < tax Q < a <
a UJ O K K < 2 • a UJ UJ UJ UJ < UJ CL © 3 G © X taX V- 0 u G taX z Z
tp z a tax -J 2 y- z o > X 0 u I -J o C o a <3- y~ 0 a z tax < y- a o • <
o -J z o h- UJ h- z ta* h- taX y- O y~ < K * • UJ a X © Z G U < a u o o

a X < < a Z CL U » o CL y~ a UJ z z > a H H • o » CP » 0 CL H u a
Ul H cj Ul UJ < to u UJ z ft h- CL y~ o © a tax Z 0 y- < O' 3 a 0 3 < 0 •
y- < X • CL >- CL tax a o to < 3 < • tax ro 3 o UJ o O Ovj a z © a o X a tax 0
3 J- I o -J u y- -J o X tax o CL tax UJ »- O i tj J— tp G a G b- a 0
CL z CL UJ to < z 1

0

J h- UJ h- a CL a a < I 0 • H » z G Q > 0 < o < u 3
Z UJ < N • tax u UJ CD 3 taX o -J UJ > 0 y- -J tax u o CP taX a a o tax o U u X 0 a
o 0 01 tax z I tax o < CD z z o to H < z y- CL tax UJ K tax a tax o CP < z I a w a CP

u UJ CP y- UJ X z UJ < Q k < tax CL UJ 2 UJ < a »- a CL o H- 0 G o
a ft y~ 0. UJ UJ K < CL CL V UJ 0 >. 0 a tax a O z • 3 a a <
a UJ tp to < CL z to UJ UJ UJ y- tax z Z < < z < U < o > a J- a
UJ X tax > cr UJ o >* Z X a a z I o 3 X a tax CL V H 0 0 a < < CL

a ¥- a to tP o to -X to UJ o 0 taX H u CL a j— G y- < taX 0 © tax G H Q < —
o
o
o
o

o
m
o

o
o
o

o
o

CL

O'
OJ

O'

©
O'

vO

O'
>0 15

THE

PURPOSE

OF

THE

KH

SUBSYSTEM

IS

TO

PROVIDE

ACCURATE

AND

VALIDATED

DIGITAL

DATA

FROM

EACH

OF

THE

FIVE

TYPE

III

H

SYSTEM

ANALOG

CHANNELS

TO

THE

K

SYSTEM

DIGITAL

COMPUTER

FOR

PROCESSING.

THIS

REPORT

GIVES

A

DESCRIPTION

OF

THE

SUBSYSTEM,

PRINCIPLES

OF

OPERATION.

OPERATING

PROCEDURES.

DIRECTIONS

FOR

INSTALLATION,

CALIBRATION

PROCEDURES

AND

MAINTENANCE

PROCEDURES.



69120001

STROM,

S.

C..

ARTHUR

M.

HOBBS.

VALUATION

OF

TELECOMMUNICATIONS.

OIV.

640,

DEC

69.

NBSR

9977

~ o
• © ©

<o UJ
a © -

O D -J

© © G
U 2 a
liJ O h
© <J Z

O o
a iu

> cn i— cd
~ z ~

I x o a

in Q D
uj z a
© < 2

© CL © © © a © CL >- © © u V o © o © » V 2 ©
© o < o © © © a © © U a D © z •-* 2 u • O N- © X ©
o © z X i o O o © < 2 © D K o © i—

z © © X © < o © © © © • © o 2 © a a < z © a
to o © © © • © © z < z o © O © o © © 2 < o
© CL Z o O' Z < © 4- a < z CL © 2 U > © I • © 2 a K V
Z © © 4 Q © O © o © o o < CD © K > o < a <
UJ < OL 2 © D 1 © © u © CL D a a. a < © 2
2 > < © © u © © O © z < D © © » O © I © © o 2 0 a ©
© a © © Z © CL I o © 2 © © CL o © O O H o
-J © >- © o O © > < 44 o O © © a z » u < z ©
© to © © © D z © © © o © a • < © © © © o O

© © © z • © © © 0 44 z © a © Z © u a a © © z z QL
to a i~< I o o © N U z © © 44 a © a o © © < *-< CL o < U

a D a I © © u > © < o Q a 2 © 44 • © 2 © a •—

© O © © «o o © a © © Z o a o h © < z 2 2 a © 2 o 2
«_ a CL < (2 < > © © © © a D < o © < © © O ©
a o O O • a Z o > © 0. U z © a CL 44 X 44 2 CL V- O o N ©
< v. Z © *-* > < © o © © o a 2 © 1

- O u *-*

- Z
© u) d
d © s

UJ

(D O
2
D

CL <
O 2
_J •-

UJ ©
> CL

UJ o
o
a

o o
©
©

O >
UJ UJ

X Q
(O
*- o
-I ©

a -j

o o
a u.

UJ
a uj

x

_J I Z O ©

©
*- z

<
© Q
< Z
Q <

o z

CJ CO

Z 2
< UJ

tO
to tO

a <
o

> Q
2 Z

to UJ
X z
(0 ~

(O <
© I ©
O X <
o o

o ~
O X UJ
« to

o *- <
to _» 2

* to z
< UJ M

© © 2
© O ~
o z
Zio-

UJ 2
to to

to to

©
z

z
o <

_ a
UJ UJ o

to 2 a o
a ~ < a
uj a a
h ID >
D 0. UJ UJ
a x i a
2 UJ © <
o
u O Q to

- Z UJ

J ©

2 Z 2
to UJ *-*

O < Q
0 UJ

a x cl
a u o

D _J

uj to UJ

1 >
© 2 UJ

< o
© a
to V3 to
- o <
to a j
to a
< <
O 2

O © <
© -J

© -J

© a
< <
o ~

j
> M
a x
< D
— <
_j
44 Z

U -J
< ©

© © O
o -«

o ©
UJ - D
-J O O
© I

< o o
a
< i

© <

UJ to • ©
to 2 z a
uj < o g
a a -* ©
a o ©
o < _J

a a z <
o a ~ z
© 2 0
o © ©

. , a z _
z u © ©
M to J IU Q - •

< to a 2 ©

o o
O o

© -J ©
© < z

z ~
© <
to <

D
a 2
2 <
a >-

u o o
o o

© a j
o Q. o

— <
2

Z to
O D
- O

© O
© Z

© a
Z 2
< to o 2

a >- ® z -J © © © © < I -4 a < o © J 1-4 < u x © ©
o o © < z 2 z X © V 2 © a 2 o a © I « © u ©
i D O' © © 2 o a © © < o a o cr © © © © < u © o CD z

CL —

<

u o © © 2 • cr z D I z © CL CL 44

X © z < © © D z © © © < < a U © © D O © © • © © u
u © > < D D O 2 <s • © i © © © a CD (O < to > D
< © © © CL < © © O © ’*4 © z • _j < © 2 < © I © © < O
K a CL O u CL o •— < j *-« © « z a © O -J z © X > X o
K o O © © z © © © a © o « a a o u © 44 o *-> OL

< CL z a Z t-4 a 2 © CE -H z © o © z 2 O I a © z a
O 2 © © o z 2 z © o o 2 z © < 2 © u u © © u o

© © CL -< © 2 © © < »-« > 0L «-• a © © < V o o 4 to D 44 ©
I D *4 © I < CL «- © © o 2 o u »-• u z z > O to o
I- © o © o CL © CL > O © Z © * a © *-• 44 © o a ©
© O © D O © O a D z o O < © © u u © o a D
(X © © © © © © a o © © © 2 o 44 © o o © U © ©

Z o u z < < 2 < u a 2 © » o a © Q © < I © D z cr © © I
*-• © © o CL © •X © © © O' *-4 < a Z © © o 44 © © © a © ©

© -> I— © 2 © a © © a SO > z © D < © o o Q z CD to z <
< < o © © © *-• a I < *-•

i O -J I < o o 44 2 o z 44 ©
© a CL < Z © I o < © © u © © X cr u © © © © o D 2 o a
D © a z © H © © z © X o < to X *4 CD © Z © o
U © > a o a © o © o «— < © • © cr 2 © to 44

© © 2 t-4 © © © z O < o X © O © cr © © < © © © -J
< © i a © u © o © < • © CVJ -j © o > <

1 I a z -j CD

VJ > © © z z cr © © © o © o H o o >— CD u © © © X 44 o 44
•-< © © < © © «— • 2 © © © CL z D z © 2 O © < a

CL © © © © © i z 2 © O < © u © < © © *-• © O to < 2 a i

O z o o © © © o © © © © o > z © o © < 0L O o © © o ©
© © o *-• z © CL • cr o © » © © CL 3 © CL © i to © to

© © —

•

© a: < o U > a J 2 2 © © O © to © z i u
© © © r-* o © o © a © z *-* o CD © a 2 z to o o o o -j 44

o o © z < © © © z *-• O o © z < © o © z z z O a i uo a • < z © © © © •— © © j © © o < < © 2 © o o
I o o © a © © o » D CL N © © z < a CD O 44 © © ©
H z o < © o © I •— u z Q 2 2 O —

•

© > 4 a to • z 44 u * I O'
© < OL © > © © u © < Z © © © © o to o cr © © -4

2 a CL *-* «-« < < I < © © © < o D to o 44 u to o >
© < © © © 2 © © © D < • < a © to 44 © © D© > © z o © < I z • © O o I © < to < < © z < © a

> *-» i O © < o © o © —

«

© © o z U i • o z o © 0L I u I
»-• © © © D a © z < < z D © o D X z Z © © © ©
K z © © O © © cr •-* © © o © © cr < CD > © u
U © © o z © I © © © I D CL o *-• z © o © 2 © z z z © >0

© © © o < a © z 2 u o z © o z I to O © o o to v£>

© © > z © © < •-1 o 2 < o < a • o © U © a u O'

© o H »— o 2 © © < 2 < © © © © © *4 © © © 2 to < *4

© o • © •
1 2 a • © a > CL cr © O X o © © O to a

U o
a >

i- © ©
z -
© to X

© a z a u

o ©
z

to ©
a z
© o

to < o © © © z © © © o © O 44 © 2 © < © > < z 9 u 2 o © < < o
z © tj © J 44 o o © I > < J to © o © •— 3 z a I X < o © © -> 44

o < z D -J 4 © z z D J © © o o o © V a © u 2 © z to
*-• u to 2 4 © z z o KD 4 © *4 to © © H 44 © © 44 < O 44 © • 1

© < to X D o *4 9 u z * < 1 o o » CL © D © X X © u Q UJ z z
< z z O © J •-4 <0 < © 9 I z o < © u o ©
u o o z O © © © • © » •4 > o tr • 9 o © u 2 o • © © ©
*4* 4 © 44 « • > < © <o z a © -J 44 © © © 44 © 44 O z z © © © o < to J •
z © z © 2 z © © < < o o e> © 4 © X © a I © CL © u < 44 to © 2 < I o
D < © < 2 4 a z 0L u •4 2 z 4 o z to o o < 44 X n © CD © 2 I o N
2 u 2 u Q Jj © © © H4 D © to z © 4 © to to a to z z 2 z < CL

2 4 © 44 U © © 2 © © to © to © © D © < © z z 44 to o © • < 9 44 D © © © © CD
O z o z 1 to X D o to © 44 to © I O a © a X © X < © u © a CVJ I z 2 O 2 to ©
u D -J D © a o D © © © 4 © 2 © -J z u O' © O ©
© 2 © 2 © © V 2 o © u to D to D u UJ © 44 < < to z
-J 2 > 2 -J © to © o z O © 44 u to 44 © 1 © 44 o •
© o © o D o z I Z z < cr o © I t o z < u © z © © I u O
© u o u 2 OJ M •“* © *- 2 © m u a © © o o CD to o © O © © © CVJ to



INSTITUTE

FOR

COMPUTER

SCIENCES

AND

TECHNOLOGY

UJ CD

>
_J z 0

o z Z in 0 0 0 • o O
G o UJ • > 19 .j 0 z z z HH 0
_J HH a b~ > HH z _J z G HH o o 0 J- cD 0
u in Uj O -H H u Q HH a a HH HH G J- < z u

Z z in b- Z o < 0 0 o a • 0 »- 0 K b < • 0 z a
o or HH _J a a z K 0 z b < <i z o >- a z G

0 z _J • 0 O < < Z z 0 o Z o o H L

L

o 0 0 o z O
b H in in U. < CD a a h- O HH o U u < h* 0 O G HH z 0 < 0

IL < G u z b- z o o z 0 u 0 N o J D 19 h- G z G 0
o Z a Z < >- Z HH * o a > 0 a o < CD < O HH U < J HH a a

cr z o a a H UJ z H u Z 0 HH K 0 > a z w Z 0 z b <
o o HH o h- a z z UJ < u h- z U < < O *-• 0 Q z G b a Q 0 Qg u. u b b UJ UJ < z 0 > z a 0 o z z 0 o a 2 o 0 < 0 Z I Z

g z < < a -J -J I 0 o HH z a G H Z a < < 0 > < h- <
o HH in UJ z U o a a z b- -J u a 0 a w Z o Z 0 o
a IL X cr < a a HH LU u ID o b- 0 0 u Q Z 0 0 HH a a Z 0

• UJ K o IL O a D * z a > 0 < • o < 2 '9 0 z o 0 z < • 0 K
a rH a IL in a D o »- 0 Z CVJ

v£) Z 0 < a < HH b HH 0 PO b Z
uj Z z u Q o o UJ a 0 HH Q < a 19 a J- o G 0 > G 0 0
X UJ o HH HH UJ Z z * > D Q -J z 0 • o < o h- < z 1

HH 0 0 a Z z
b z a < < • H _l a • z > 0 z K- u •* D UJ I z z 0
O D -0 in u. in z UJ o CD < CD 0 » D HH z < 0 UJ z G > 0 HH b G o a

J k o in H o Z > HH Q HH H J -J o HH z a G < a < G G CJ b
z o » z z Z HH z 0 z h- < o O 0 HH HH > < CD HH 5 Q < G
o > CL UJ in • UJ UJ h* Z HH < < < Z a > o z 0 G K 0 0 o > 0 0 a O
CL in z z in H z HH HH I a a b~ 0 0 0 < z 2 < I 0 I 0 0
U. • V0 UJ Q z in UJ z in a 0 z o z • 0 N b- U 19 a Q 0 0 a • 0 H o a

in a HH a > u CD in j— z o 0 o 0 HH HH 0 o Z 0 Z z h- < 0 0 a
(/) UJ b UJ in z O b- z 0 a u u 0 > J > < HH z < 0 0 u O 0 Z 0
UJ u » G < H < u Z UJ 0 < u 0 < 0 o 0 G > U o z ••

z z rH O CL z I UJ UJ z a i a h Z z a a z D 19 0 a 0 0 19 z N o o
< UJ 1 UJ UJ O o z a z UJ < H o < o 0 0 0 o -J 0 a 1 u Z 0 0 </> u b
a HH n CL a UJ HH UJ UJ a «j O o HH HH 0 z Q G U a G G * z HH HH H
U. u o N b- z a HH 5 z »- u a 0 z z 0 0 a < b u • Z z o

in a HH < UJ a HH D u o o Q < 0 D 19 0 < HH b Z —• 0 z Z 0 a UJ CD 0
Q 1 z UJ -1 U CD UJ D 3 HH z HH Z z K Z a u 0 r O' X a G N z HH h-

UJ Z o < i < HH < H O UJ H < < a z < < UJ » < b h- b o O z * 0 0 HH

b o z b a z z »- UJ a a < o o a -J 0 Q a 0 HH 9 0 u o a 0 z
u M o in UJ D HH < a < • N 0 0 <-H 0 0 CD 0 0 < V * 0 0 a u *-H HH Cl
UJ h* z >- cD z Z a > a J HH CD Z h- b~ o O < a i 0 <t <r 0 < » G G
G < a z UJ z in V b- « Q < HH < H a z 0 u a CO a < O z
UJ z » o HH CD o < u h M i z a D z -J 0 a o 0 0 o o z i 0 0 1-

in cr o IL > u HH -J b- o < O a b~ Q HH u o i o 0 0 0 a 0 a »- O
O s IL -J z i K -J HH *— HH o Z • O 0 Z Z 0 -* »- HH b b G o 0 z

z 0 UJ o HH H u < HH 0 H z < 0 0 > 0 • < z b 0 0 < HH HH 0 rH G >
G Z a > in D Z ID HH < < h- z H Z 0 o < z <9 a a < z 1 Z 0 0

_ < b z o UJ in o HH J— O z b- Z HH K 0 Z • u Z 0 O 0 0 0 b o < a
IL z z HH UJ D »- h a z a 0 o 0 U a 0 -J o G h- CD UJ 0 0 z G <

• Q UJ cr O in D a UJ < 0 Z z D 0 b < o J- 0 z h- HH o o Q 0 J >
G -J 2 • z UJ HH z < IL) > H O HH 0 Z pJ D 0 b 0 D O » z a z Z h- < h- i
G M < o X UJ o z UJ > z • z 0 z a < (D o >- HH -J < a o » HH u < < a a G a
o < o o HH hh I H IL Z o * HH 0 z HH 0 0 0 19 < a 0 o 0 o 0 CD <
a K a o J > in u HH O o u a o < D a a HH Q o N z 0 Z a o 0 > a

UJ UJ UJ UJ z UJ u o a a O UJ < 0 D 0 Z G 0 o < 0 N 0 o 0 19

o o b • > cr o b- h* in a 3 -J o o 0 »~ H 0 a < • G > 0 I b 0 O o
b G > UJ u D H a o h < a o a D •• D 0 * < 0 U < CD o h- G z 19 G HH

2 z a HH o UJ o a V o \ 0 z a a a 0 a U 0 • z z Z K a G b Z G G
O HH z o cr in z z UJ V o z o a Z z Z H U 0 z 0 HH 0 a z -> Z HH U CD

o o G z HH HH CL o z HH o o o 0 D < HH b o h- CVJ > o 0 o 0 > z
19 o u • z b UJ in in z < 0 »- z • HH u b- O I z z H- 0 0 CVJ <r z X CJ • X G 0
z Uj 5 < < b z Z < < Z < < < H 0 0 HH 0 h >- HH I < H o a O
M CD UJ UJ a. in UJ o • o z HH O • 0 > o -J 0 Z HH 0 • < UJ c o > 0 h-

> HH I *-* X UJ >- in a a o >- >- HH K o 0 O X 0 z a U 0 0 0 o I z a I 0 G z u 0
a a b > u b- in D UJ UJ b- b- • z 0 J— 0 b~ < HH < a o > 0 0 CJ 0 b 0 HH CJ

o u UJ cr M UJ i o M HH < -J 0 z o a 19 h- 0 HH a < u 0 HH h* 0 • > a
u in Z a <* -J CD »- in b- D J -J u < 0 a 0 Z Z _J D z G z I 0 a Z > 0 o

UJ UJ z o z o _J HH HH a 0 -J a o HH HH 0 D O o a 0 • 3 > < HH HH Q 0 h vO

a o UJ in UJ HH z o u CD 0 z 0 a < HH 0 CD Z • 0 u 0 a > 0 o ** N
o h* a UJ > in UJ in z HH HH o a CJ o 0 H 0 < 0 a o HH 0 HH 0 0 h O > u O'

u. in Z g a HH in a 2 HH 1- K z 0 HH Z Z Z 0 a Z J hr Q 0 o 0 iT 0 z • z 0 «H

UJ H b UJ < O < < z 0 0 0 < o 0 U o o 0 0 U 0 HH 0 0 * < a 0
UJ z < IL u u o a UJ a a o o > u Z O > o X 0 a H H 0 I z 0 G

e> a a o UJ o z UJ a a z z u »- I • a a 0 o 0 o a 0 Z HH I K a >-* X 0 U a
z o UJ G a < a < < o o z >- a L? o o a 0 -J z O o o G b o > u a 0 i

> HI -j b in UJ a o > u u -J 0 b- Z 0 j » u • a 0 *— w G 0 a G a »-

UJ h- Uj UJ in z in < a HH • HH -J iu Z 19 < 0 b CD a b H <J 0 < 0 a < b 0
Q Z > -1 HH z o CD o UJ • • CJ a -J 0 a < > o z _

J

19 D z D HH < < O I > 0 <
UJ a < o HH z z CJ z z HH D HH Z 0 0 HH HH a < a HH a u a 0 0 0 0 a

1- a Q UJ UJ HH H HH < z o o o U 0 0 0 0 Q b- 0 a b h- i G * O a 0 0 • O'

z a > in i h- < in UJ w HH 0 < H 0 a < 0 0 o D Z G o 19 O 0 0 G a b 0 h4

UJ Q HH K < Z in • a H b- z U 0 D < Q z 0 HH h- O HH < 0 HH z HH O Q h- HH X
HI b Z o HH Z o UJ z UJ < < o • HH >- CD Z a u 0 a HH 0 < > z < z G a
z z < u UJ B a H CJ o IL N N HH z -J 0 0 < o o 0 0 a u z a 19 < a o o
UJ UJ UJ »- o D o HH UJ HH in HH 0 o a « 0 CL HH 0 O 0 >- o u 0 Z 0 0 i
> z I -J u o IL < a h- a o IL o "* a Z > Z I z a 0 O a G G z > HH I h- 0 > h-
z UJ u UJ UJ UJ z a M a UJ a Q K < o < 0 u HH < > •• 0 0 0 o o CJ HH 0 HH 0
o o a in -> z HH < UJ z o < a < 0 < HH _J z a o X 0 K 0 h- 0 2 z a G HH H z
u a < o cr H a o UJ o o 0 z 0 H a 0 < z H a 0 0 z a <f z a G < < a U

< UJ < cr UJ Q < a o b- z O' z O a O < 0 a 0 HH z HH HH 0 0 z HH HH < h- 0 0 0 0 o
< -j in CL u J- o u HH < < a o U HH HH 0 J- 0 X a b i HH G G a 0 0 > 0 G z

z UJ •• z » UJ u H H o 0 0 HH o D 111 0 O u < 0 h* X 0 O 0 a 0 HH 0 <
• UJ a h < o K UJ in a in 0 a Z < Z O a H 0 -j a > > O o 0 0 z 0 a b < 0

CL D cj G u H o H a HH 0 D Q 0 Z a < < 0 a < 0 Q CJ 0
UJ u • CL 0 a a D X • a UJ a Z Z a » 0 0 HH a < G a CD 0 19 z » UJ z < z
b HH i z o in z D a u vO X in X 0 u < z < X Z 0 u 0 > Z a X G i G M 0
z h- h- M HH HH O z UJ H O' K X HH o z j— 0 a 0 HH < < < Z b < b 0 I h-
M < UJ 1- in HH UJ a UJ n b- I u J- o UJ a 0 a I • -J 0 Z 0 0 Q h- 0
a Z CD o in • Q a UJ CD 0 a o D HH 0 HH 0 i 0 o a » 0 h- 0 0 < CD a >
a o < z cr in Z U in > < H a a < Q 0 a b- < D 0 h* «9 0 0 a o 0 UJ O < < HH B 0

J— N < HH UJ < •« o N ^VJ 0 o a 0 I H < N O a HH Z a HH o V CD HH >- N I
. G H-i 0 u o X • HH in Q 0 o 0 b- D z HH 0 5 • H 0 Q G >- 0 HH > 0 HH • • b Q 19
UJ < J m z H I- a z U. _J co HH o HH O HH a o G Q o G i a o > G 0 0 z
z UJ CD UJ UJ e> < o o UJ cr, >* HH a CD O 0 0 z 0 D HH 0 U a • * u a z 0 z 0 z
< K z I HH z Q a HH o z .j -J CJ z r a - a a _J 0 Z < 0 0 a o o I a 0
a Z > HH 1- u HH UJ e> > > HH o -j 0 0 HH o o > D 0 0 U z HH • a a • 0 u > HH b 0 0
u UJ a in in in J- HH X a U < HH 0 D Z o a a • O D z o G G 19 G • o o a K CJ UJ
< G < z • z H o z a < a HH 0 O D HH u < b- a z HH HH CJ 1 < o b b b G < < • z u
h- O z UJ b z UJ z z o < z in H u -J L? X D 0 o 0 Z Z HH < b G z a - o o
V UJ in cr o in HH < o a m u 0 0 0 U O CD O CO u z 0 o o G a • a Q HH 0 a u a
UJ in • o HH -1 u e> • z O a O a z _J z H rH o o a HH CD 0 a o 0 5 • Q o a
-J OD in » a » o UJ o m a 0 < HH < HH U'l o 0 u 0 < 0 HH b a O 0 HH a 0
UJ G z z UJ < z a HH z » 0 0 0 D Z Z » o 0 • * z CD HH • 0 z X z 0 0 H- z
m in UJ o cr Z o o o -J UJ o a O 0 » < Z 0 < 0 0 0 0 0 G 0 a 0 U 0 z a o
• > HH a HH z D a CD > N » Z z o CJ HH > 1 0 a => 0 z z < a »- HH > o • HH

cr UJ b in o h- < UJ HH UJ 0 o < o 0 K 0 » n < < U D a HH 0 o <n z I 0 u 0 0 b
UJ o h- HH HH u. HH UJ b- CD »- > H z I HH 0 b- Z b- 0 HH 0 0 O o o I o HH HH j b HH 0 <
X IL in in X z in a w u in < I HH CJ 0 CJ o 0 19 -H a z HH HH 0 1

• b z I 0 z X u Z
b HH b HH HH < in <r < Z J- z a < D 0 u < 1 < 0 o z o 0 O »- 0 0 19 J— z a

z G G a z 0 a U “) a o b I a 0 0 Z HH Z HH 0 o
_j a Q O K z < Q » < b~ 0 0 0 G o z 0 0 u u a b o a 0 HH 0
*-* u z U D HH i Z o _J z a HH 3 z H o > a 0 HH i O a J— 0 0 u z
u — < < < CD -J u < HH o a HH o Q 0 < CVJ 0 z 0 < H z b z 0 *-* b — o 0

o
o
o
n
o
o
N

o
o
c
in

o
o
N

O
O
O
m
o
o
N

O
00

co

in

o
o

o
o
o
*0

o
r»

N 17



ANALYSIS.

PROBLEMS

OF

SYSTEM

NETWORKING.

INPUT/OUTPUT

AND

REMOTE

TERMINAL

OESIGN.

CHARACTER

SETS.

PROGRAMMING

PROBLEMS

AND

LANGUAGES,

PROCESSOR

DESIGN

CONSIDERATIONS.

ADV

ANCEO

HARDWARE

DEVELOPMENTS.

DEBUGGING

AND

ON-LINE

DIAGNOSIS

OR

INSTRUMENTATION,

AND

PROBLEMS

OF

SIMULATION.

SUPPLEMENTAL

NOTES

AND

A

BIBLIOGRAPHY

OF

OVER

570

CITED

REFERENCES

ARE

INCLUDED.

a o
CD 0

z u.

- o

a h
x o «

H o UJ z Q UJ 0 0 J • 2 in a o H » H
</

)

UJ MM UJ X -J Z o a: N z < in > z
> H- CD X h- UJ •— < CD in UJ o a UJ o 0 • H o UJ

0 z a Z a 2 < UJ z 0 MM UJ > a MM — o UJ Z o X
UJ UJ UJ UJ 3 in z in <n > I o < in cr ** UJ K K UJ cr UJ -J MM

CL X > j- 0 in z o • MX K a in UJ in < Z cr < X o a
UJ UJ < UJ < o MM O' a > J— in UJ >- u 3 Ul Ul UJ a UJ

H a X 0 a UJ MM in UJ d < a _j a UJ • -J I o in cr o a
3 3 0 a X J- MM o 3 • u > a in o cr o < J- MM z mm i X
a 0 to UJ < > -j z m a a X 3 IL o > 3 in o 3 K UJ

X < X 0 0 o U MM < UJ UJ 3 < >— O • Ul < z MM O g
o UJ UJ 0 •— UJ MM Q 0 u < o u. H ** cr z o K UJ X o
0 X H < I- z MM UJ z -1 h- > UJ o • UJ IL 0 0 cr z

0 in < 3 H K Q X MM CD UJ z UJ »- MM > 0 o < z <
0 a > UJ X X X Z UJ Q IL o WM cr 3 1- MM z UJ UJ z o
0 a 0 H UJ o X UJ I UJ a O a a a < Q < in a cr Q MM z
UJ < o H y- o X K I IL UJ z 1 a X CL X z < mm K o
0 2 0 X 0 3 0 a O K X < CL < o UJ • cr o a K < •—

0 o 0 UJ > < o Q. in < X UJ 0 a K o MM in UJ < 3
< H UJ a 0 IL -i > Q UJ in in o X o Z IL K UJ in cr J <

0 I o UJ X Z X o < z o X UJ a in in 3 3 < a
UJ Q 0 < a K > < 0 Ul z K a UJ u. X UJ UJ >- O > o

Ll lL H O
0

z UJ < 3 3 in < X z o UJ in > in -J 3 o z < z K X
Ul H a o H in UJ a in > UJ I K in g 3 in z < o z g
MM O cr X UJ in X H o 0 z _J i -J 5 < < • • u g
a X UJ o z UJ < o O' g 3 * a g g ¥ K in g cr cr

o UJ in •J cr < H 3 a o Ul o u in MM X X • ac MM MM cr a g
a 3 UJ in -J S a Q Q in o g g u u - o u in 3 I

z in u cr > < UJ H < MM H cr X z in g z X g o • U
UJ u < in z o in > i I X a Z Ul K MM u g K z z in or

UJ o UJ o u UJ h- H w MM z I a g z X g g o cr K 3
CD > u o UJ cr • UJ o o - o a u < g z 0 < O < U

UJ 0 u in I > o U o cr UJ a MM z X cr i MM H I
in u < X K h- o s o n UJ < X X * < cr 3 in H o U H K
< z a < -J 3 1 0 X MM u o • X z o in z in 1 < <
X < UJ UJ cr 5 > K cr UJ 1 “ o cr o g g g u < o O u u Q I

X > H- <3 in 0 in Ul u Z in 3 u z X H K cr g MM u -J g »-

in cr cr O o UJ Q z K z Z in o MM in Z g X H g z o
X o UJ X a a > UJ Z < o MM cr o -J H > *M» a < Q in < 3 g
UJ u in UJ a u i MM - • X UJ z < 1 in < g O Z X g cr

V- cr 0 a -j z H u cr O in H -J 0 X o u < • 2 u o
0 UJ O
> a o

</> liJ 0
I 3

o z
O W 0

< 3
UJ i/) UJ

z in H H 5 < • < X o 5 y- g > 0 a X X X 0 g 0 cr r
< _i < • MM O' a MM 3 a u z MM g V* H 0 a X Z V- o g a
X ac < I O Q H 0 «M < X u MM 0 u a z 3 z o o MM < 3 0 I <
cr g z g g < z 1 0 g MM o u o o MM X Q MM u 0 H - g H cr
o h- a 0 H o o 0 > • o o g cr N Z cr cr MM z 0 0
u 3 g cr _J 0 3 M N Z MM O

fc 0 z cr a Q g < o g g o g z y- o O
cr a K o a 3 a K K o z z > 3 < • z I k a < g X MM z MM

g X Z a U X < cr g < NO MM o K o 0 < y- H MM 0 a 3 < g
a o MM • < 0 o U g I g a MM MM u < z O 3 z • MM 0 a 0 CD

u g MM u MM o H g • a J- 0 h~ MM 0 g o O o 0 o K z • 0
• g u z o z cr cr > cr u z g < X z H X X z g a 0 o 0 X CD
• in I z g • 3 o M g g g cr O 0 O MM u MM X Z z MM 0 cr

cr V) H < g g z X • g Q o a o < y- g Z g • cr o < MM H g o H
g X 0 cr < X g O z z MM g < l O i 0 o M < z 2 0
u g cr < • X o -j g MM • MM o g y~ < x cr z MM u z »- 0 • g a g K 0

» u cr o g a H u 0 H X z U. X < MM 0 o H MM MM 0 z g > g
g < 3 u > 0 g -J < MM cr o g y- I H 0 0 U z t z O Z MM o MM z
X in cr < g 0 < g 0 X g MM o < y~ 3 *- Z • 3 o z o g g M J— V
>- g < g I z MM 0 0 a MM H K * 3 0 z M < O MM 3 X 0 g i 0 0 0 N
a j— g a o a z 2 g g < H O z 0 MM • o K o o g z z g z O'

o X K u • g 0 o V MM MM g X z o < cr < 0 • a o o u MM

• X _j < * 0 O u X g MM QC > H »- MM N O H g 0 0 o 0 0 u 0
z g o < I g g g MM y- o u g MM 3 < a Z g < z cr 0 g 0 3

cr H z »- z o > a g 3 y- MM x Q a z < g a g MM < a • z z g a
in cr o cr Q y~ k Z X MM g < g h K X H 0 0 g 0 I
< u. 0 g 0 g z cr g a 0 z UJ MM o o cr MM 0 o z 0 a Z g Z > MM 0 o K
X o K y- g X g i cr z g X u a i K X < z o 3 i MM g H z cr
o cr X 3 o X • mM K g Q o o X g o g 3 • o MM 2 o y- 0 o < < a v0

I y- o g O 0 z o z MM MM I > o z z o X 0 H 0 MM > 3 X g v0

V- z u MM < 1 cr z < o y- 0 u MM MM 0 a g Q UJ 0 cr a z g cr g O'
in g u g z o 0 X o 3 < y~ z I X 0 > Z 2 < o a < o g

• g g X I z M 0 MM u D a z M o Q z V o MM < u > u H
MM g g H <J < 0 O MM MM 3 MM z z g MM < u • h 0 U u • 0 g cr

< cr a g g 0 o • y~ 0 a O cr MM < I X o > g O o > 0 z g 0
X 3 I g »- 0 X a o cr 0 o MM a X 0 0

0
MM 0 H cr g Z o o CL 3

< 0 in y- cr g g 3 Z > u cr cr 0 —> g 0 a MM a 3 0 0 g MM z O
X < 3 Q 3 K >0 u g z g g g g u z z o O X X < 0 u g

g 0 g O 0 • LL o o 0 H H o z M o • z a g g g MM a < o z
MM • X • < H MM >• * » g 0 a u z g < < g 0 MM X g g u g g 0 < cr H g
X a 0 g a z 0 o Q M o z y- cr 3 g K cr o 0 0 g I g z 0 0
in O' g X X o I a n >- a X u M 0 g < »- ir cr O O a 0 0. g g o
o m u g a u 0 -j a < •• a a o g u 0 g 0 > 0 a a a 0 o X a a
H z y- o g g 0 o J 3 o 0 o a o cr u y~ g > 0 MM a a g g 3 g
g • < 0 y- cr K g cr 3 h- z z X g u o 0 g g 0 0 I z • » 0 ir 0 H
o -M X > u a 1/1 < o L- H o MM o 3 K 0 X o • g • 0 z 3 < g
MM 0 cr 0 0 IL g u g K MM g < o u 0 0 3 0 MM i i 0 g 0 g i
I n o »- o 0 < -> o < 0 H z X LU 0 g g z 0 K H* y- Z a < X

IL UJ (T
O CIO
— Ul h IL

CD >-

m- Z < < ~

IL X
o UJ

a
z
o u.

o

Z I
- OH
a o -
u z in iu
0 < to a
UJ UJ <
a x a

a
0 g x
~ x ~ <

o
u

_J

< o
K UJ
Z N
UJ —

> X _l

a: h-

0 a
z CD

0 g
0 <
UJ 0

« < O UJ
CD 0 z a y~ X z o
< a z H MM MM u
N g < z g
MM 0 o g H o 0 0 >
g u MM a MM X z H g
g g 0 O < Z g

a z X 3 g X g <
> o a < 0 cr X MM

a CVJ 0 o z o g 0
a g 0 0 o o -> H y- g 3 • a < vO 2 < u > g Q
g g • z g K g 2 o g o g a X g X h- J- •• X a O a g
H a y- g 0 • » cr < H • a 0 2 g X »- 0 o » a g g a g a 0 a
z a. K z >- > O z z 3 g b~ o g < • o z 0 • • O z 0 o a a g MM
MM >- o X < X y~ a o X O MM 5 0 I X a < z 0 a a 3 u X 3

CD a g X 0 MM g MM H* g g g 3 U o H a o z NO g z a MM • O0 g a K g cr WM *-* • - 0 o z • » 3 0 g m a Q g • g g
a Q cr • o O MM < 2 g y~ 0 o g < a. g >- a Z K > —

•

g a o g H a
g g z u g m 0 z a z 0 a cr > g cr < MM < g 0 o N g g <
k y- 0 o cr o < - X a M g a 3 H X X 3 a g a 0 H M M- g X 0 CD 3 g
g z M *M g CD > 1 g cr < o 2 O M y~ O 0 i o MM 0 O' I > a a 0 < O CD

X g I a M y- i o a < g H < o g y- y- g 0 g o o 3 a g
< X MM > H 2 g 2 0 Z K 0 MM MM 0 o i 2 0 MM o g
cr 0 Q g a y- cr g o g g g o z o > H y- 0 0 < g
< 3 z O i 3 U g g MM a o g I a o o o z 3 g MM Ul z
a < < y- 0 o z 2 > -« a o y

-

a — X X <VJ •-* < z Q o 2

13



o
UJ © © »

o o z © vO y a y ©
cr h D © © a < < a © ©
3 -J © © © • © o Cl z 2 o y *
O UJ o Q © I I > a b © a a 3 < ©

a 01 15 U' > I J- b 4-4 < © a © O £o < Q a »- o © © o K < a a
o o UJ a Z o 1/1 © © > UJ X o z • z a X O a ©

_J O < _l y— 5 o o © © m h- z b < UJ © z y a Ul a
1

*-• h- © I Q 4-4 © b <f z © o < © y y
(V) o © in in > h- I © z o X o © 15 »-• z < z z X © < z y
in u o © © © h a o b © o a z o © o H-4 £ © ©
0 z y Z z o Q © z a iu *-« a K z 4—4 u o i G o

u Z *-• t z 4-4 cr 4-4 a 0 © © y © o G ©
o o a UJ y < © © < © < o © © D z < < > b < t © G < a X
_4 * z © K z h z a b © O D a © © a © o © ©

15 y LU z < cr © o © © z a z Q o 1 y © z o y y •z
a z J o o cr < z u a o z < 15 b * © a < G y © ©
© 4-4 u UJ UJ u 15 r < o z < cr Q —4

»

0 o © 4— a < ©
CD -J O Q o 15 cr • © a 15 < Z CVJ 15 © D a y y y z 5
z Q U) • a. 3c 15 a -4 © H »- o < z X © © y z y

Z in u > a a Q o 4—4 i Z cr a • 4-* b H y >-4 © u z
e < K a o <* -J cr b 4-4 o a o z »- b © *-» z y o © © <
o X in 3 a o © © © a <* © v- © o z < © Ul © z Z 15 ©
N —

<

O a l\J z i z © o 15 4— 4-4 © o a © z © o z a
UJ in in D »- © * * D o X cr z © K o © a X UJ z o 15 4-4

a H z cr • J X <\i © o 4-4 >- < a a O' © b © 15 4-4 Z Z © y
UJ o o • o *-4 o u h © Q © b < u © z © 4-4 z
in z g in H > o i • > © © * b © o UJ z o © D © © z < ©

UJ z < • 15 »- © 4-4 © © o © © X o • 4-4 o G © a 15 z
o a H UJ *-* -J • © Z o • < o z © © b 4-4 CVJ H © < o 4-4 • © z0 Z K O O b b 4-4 © > b H I < a > z H © a © 4-4 <* © < a 15

cr UJ in < > i

r

cr b o cr © b a 4-1 © < © o G o © © ©; y 4-4

* o z y cr o < z <* o O <5 a > Z a Z o IL « 3 y ©
o © a in cr <* a i © © <\

J

a o o < © > o a o Ul » o O ©
in •-* CVJ © u z H © © © K cr z o a 0 o -4 h a © G a © QC <
vO z 3 o © a 5 Ul z cr Z a < < © z a © © o X ©

UJ O z o o -J © o o > u h” a z a © D o z z © y X z
• K UJ *-i vO o © -J a Z © © © © z © h D 4-4 © z U © o o y <
> in a 1

—

•

»_< © z © 4-4 Z < o © 4-4 © 0 o u Z G © z o
»-* y UJ o o X *-4 a cr X a o z 0 U © z a o o < © z 4-4 o
o in I h- g a »- » 4-4 © b z o © < a < X z G © © < © z

V y 4-4 © © z D © < h* •-4 X < © J- o © 0 3 © G i <
15 » -i z © z 4-4 a z © b b Z a 4-1 15 I a a y
o z o o cr z • 4-H © • © © •-4 o Ul a N b o a y ©
J UJ a • z a © -J D a » © 15 cr o cr a © o © y < © © © z o
o . y y © » H © © o z © a o © < o © Z D • 4-4 o < o < 4-4 ©
2 1 in z _ z < o a © © © N a 4-4 H < © b 0 < O z z < a a ©
X y o a o o < < o b Z z © Z © *-4 o o a G © y © ©
g in u a «—

1

© a © z © a © 4-4 z © 4-4 H > a a H-4 z a © © 3 y
© u b X U © © o © © 4—4 © < o Z © o © < y © a a G i
y 15 Q < < y © cr O »-4 O a © © K a ** © CVJ > 4-4 z o < y © I © a

Z z w 4-4 O < O b o © z o < o o © a y •* 4-4 <
o M < o U o X V o z > < © a u • © o y y © O a
z _J UJ < a • * © H z o * < UJ © z < 15 o i < © z X o © * <5
< o

fc b a c h- z © D © k cr a u © Z a © i- y o y 3 • © © O
z Z 3 z © < Z © o 15 < © © 4-4 4-4 D • © z © G y y a a

l/) < UJ b • o © z cr z o I • X > O o © 4-4
i z < © « ©

UJ I z 4-4 z 4-4 t-t 15 -J Z • 4-4 cr O h- cr Q. H < © © • o y G |_4 o i 0
u a b UJ y • o < cr > a a © < © I H > 4-4 • y ©
z UJ in b cr > D cr z < *-4 o < o © CL © © U 4-4 © • © U © a * o z 0
UJ u 3 z in © a o © o © X I b D 15 —

*

o © o D © i U a < < <
*-• a O 4-4 y a o D 4-4 © => b z O © 4-4 © H- z y <* © o © © © y
u 3 UJ in © z »- » © 4-4 z •-4 » © X © © • < o a o < a X a ©
© O X © » © © < o »-4 © © z 15 h- z © © H 4-4 © y z a y u

in UJ u * i t-4 b H b 4-4 4-4 © < • • o © © y © o < ©
DC X a u b © D © © b z © © © G 0 a a © © o
UJ < y < o © © >- a X © © z >- < K O • a 15 0 © © Z 4-4 4-4 © G a © vO

y z UJ -J in z © z © z 1-4 < © cr © o < z z I D a < z Z © < © y
3 z © in cr © D o 4-4 D a o < b © 4-4 O o b © G < < y © O'
a < -J Ul UJ © J © * u * © © 15 * a © © a b © © 15 © © © a © 3 © a
z 15 < a b *-• o a O a o a © o Z Q © 15 < © o y © a o y
o y Z cr > < > © o > < cr o o • *-* O < a z Z O 1-4 z y 3
u UJ in y *-* 15 © I X a z 15 15 < o X o 4-4 z z © y a

y z 15 in « H 3: • b < z © a u z j~ >- © y o © > G © a I
a o »-* O > © • © U. H © © © 4-4 >• b I < •-* < o a 4-4 y a y © y
o z J H o © cr o © © © a. O i 15 O O b o u z © o y © 3 © z X
Ul UJ o Q UJ z < © Z o a. < © h- z o a © © 0 o a © a < y © < © y

or z U y a s © * 4-« h- a © H z z © G © © © y o o vO

UJ < CD < a ~ b © © © © »- © © z » o J- Q D 4-4 Z a D y 4-1 z O'
b * O in Q K IL z © z D © z o z • 15 o O Z a z O © Z z a <5 ©' a 4-<

3 Q UJ 4-4 a i5 O 4-* o o »•* < z a b ** © < © a © 4-4 o < 4—4 a 3
y CD b Q * © 3 © J o *-• a © © © • cr © © © a a »- a a -4 © G o o © O
1-4 Z < < Ul cr cr © h- o © © 15 15 I 0 © a J- © © o D X < Z o ©
H O 15 a © h* © © a © © © Z »- I 4-4 < >- z b > © U b • © < z
l

n

-J o © © z < © z < < 4-4 a b z Z 4-4 D © G z 0 G 4-4

Z < a in in -H Z >-• m H cr z 4-4 CO b z a 15 D z < o a 1 © O z © z •

1-4 a CD UJ z I ~
_J z u Q © © z z CL < 15 a z © • 4-4 a © •-4 © «

< 15 o K © z © © 4-4 © z O < © 1-4 CL Z a Q o © © © < © ©
• IL cr g © © © z © b © © cr o b • <5 o o © U © © X o © Q © 15 o 3
0 O G < H © o < < b o 15 U 15 w © i I z y a < I Z o

r u z • z © © cr Z © © z O © © © © b I b o y 15 a y 4-4 G ©
in z UJ V) < >- © cr > —• cr © © < © a © © U V z y I
»-• 15 Q y _J z z © D i o z © Q 0. ** © © © b z b < • y o • • © z < © y
3 -» UJ m o © © 0 b © © D < < © a h a o D © © < G © u a o o © z
O in z y U b H * © z b * © b H © o < 4-4 O a © G 0 a a 3 15 a
-J UJ cr in b Z © cr o 4-4 © V V © © • N 0 © i b 0 a o © © a Z i y- y © Z 4-4 o

o < > © z > © z © O a © a u a « o o 4-4 7 © < y z © ©
• -J 15 < © X © < H © X 4-4 © < cr • » 4-4 o © z 2 y z 4-4 * o z © ©
• o UJ o Z z h- X Z H © © < • a © © © a o D © o © G o < ©
z K i cr 4-1 b © © * r < Z a * a —

«

< © z • o © a y D 4-4 y y
y b © o z H 4-4 Z 4-4 4-4 cr Q N © z • © o b i- a z z 0 © G y 0 a z

in Q Z a z » o 15 z u •4 o i < < a < I o a u 4-4 © 4-4
1

1-4 < © ©
Ul Ul cr Q z < • Z © 4-4 • © u b i < 4-4 * h- •-4 © a K • z a G < * Z © 15 Q y z
z H o U < U z z © 15 z z *-4 z X a © h- © 4-4 < a o z • y © O © z z
< in u X 15 o a © © o D I o z Q <r © < D U G z 15 a o < a y © 15

0 UJ UJ Z • 1-4 cr cr D • 4-4 © 5 u © cr © © o 15 *-4 • z © o • a a © G
UJ b _l « o J— < 4-4 © Q J- o b © 15 4-4 © O © • z *-4 o z • —• y © © ©

» o g o < y < 15 D < > z b © i o © > X -4 4-4 z © y z < a ^ y b © ©
z UJ a z 3 < •> z © O © • z © CL > »- * •— © < b a © b < D a z O <

a: 3 UJ z a z cr cr © O Z a o h o © o >- Q z »- © • © a z • a 4-4 4—4 © a
UJ O cr < © < o a 4-H < o J— © a * CL a > z < * > © Q Q z < < a y ©
-J in in Z CL z © Z > z © > © cr o © © a © 0 ©- © © a © 4-4 a s o © z o
X < * o a z o © o o z © © a o H 1- 0 D < u u *

I o y y 3 © y 2 <3 o
o y in Q © *-« 1-4 © cr © 4-4 © O Z a z Q z >- ¥ < < O * X G G
a < cr Z © b © a • 4-4 U cr © © © © o Ul o > < 15 © a © o y 15 b
H in cr o < © a © < i b cr © 4-4 © 4-4 z z o • © 4-* 4-4 u b a © Z a 3 © in Z © G UJ
in CD b Q u X z h- o © © I o H X < < 0 •-* I b © 4-4 15 I 4-4 © 15 © © z *-4 < -* I

z < < © 3 1- cr © z h- z D K PC cr N h- < 1-4 © a h* y 4-4 4-4 4-4 y a © y
z > * © o H D © a 15 15 a V © D a o u • © G ©
z UJ G G © © O © a z O o Z © © a U © z > a a < ©
< _J < z z © X cr a o or cr < a a X © © © o 4-4 © 4-4 a ©

—4 15 Ul cr — 4-* Z © < CVJ < u a a 4-4 ”> o © b © 4-4 < 0 G o a < y «
o o o o o o
c o o o © o
rn o o o CVJ o
O' CVJ (\J —

<

4-4 0
o —4 o o o
o o o 4-4 •-4 •-4

y h* I
s- N N N

_



\

I

I

)

20

UJ •

H CD It)

x a
UJ o <

© x
z u
~ UJ

Z X
Z <J

3
a <

© o
' UJ

Z
UJ a
k O

a uj

k © B
3 ~ Q
cd a

z <
- < I
z a
uj o q:

* o uj

< a k
K Q. D

a
W UJ 2

Z UJ

a _i
©

UJ
V)

k 3
OQ

o
Q k
UJ

X UJ
(/) ©

J U.

a *-

x j-

tr a
3 <
a >
x
O UJ

© a
<

UJ
-J k
a ~
x
~ ©
U) Z

z
UJ

I
k

o
UJ o
to z
< <
©

a z uj

a © ©
z ~

uj uj a
I © ©

a
o
s
o
z
<

• * o
o UJ UJ
uj cr h
l/) D «
10 1-U
3 <
u a a
10 uj o

Q mm

-J X > UJ z IL k CO a < k _ < X X X
o MM < • o > UJ B k X UJ UJ

z CO a o • I • © z k k - a 3 z k
X o _J CO k CO Z cr z o X • -J < o co UJ
© UJ IL UJ k mm Q UJ 1© UJ Z O k ft k X
UJ I o o k < x UJ a X © o CO < k CO k •

k k x z o -J X x z o CO z © — O < ©
< < u cr < a CL CO o k UJ X CO • z

o a cr CO o a UJ a UJ x CL 3 X -J a 3 X MM

z o © a _J < u. © u to UJ a -J k < o o UJ X
< o UJ < UJ o z © CO O o © a •-* k ©

UJ a a MM UJ a o < z k CO I • z k (O <
CO CO a a © UJ a a © l

L

MM CO k < © •— *m k J
UJ 3 3 UJ a < —

<

UJ UJ a O k o © to

u < a o k k CO © a z k o © < -1 © X k
Z UJ z CO 2 Z *-* UJ o *-• a O o < < I _J

- cr
y~

3 UJ
K X

k O
3 Z
O
© CO

< MM

z z

CO O
Z k

co
• UJ

UJ ©
-J MM

0. o

to © X a 3 © z k X Q u < < > K < © © © MM a < a K X
3 a © Q z k Z k u u a N z a a a X a u ©
© a o < MM mm a < J- © MM © < o a © -J H o © O < MM

to a z z a k O X a Z X I a MM X o D o a K a
1-4 B a < © a a • i © a a <J a H -j a a MM u z
o O a X *-4 o a Z »- MM *-4 o < < o z © < a a © -J z O a o

a o X MM a < 3 o Z a z o a a D © a a < z
a a < © © MM a K a a a • < MM MM a a D MM MM t- MM H
a Q a a X © < k o z > a o o J- a a 1 K a © O © CL
< Z © © o < z a < a z a a V- < a a a MM O z

< a o < a MM X a © X o v0 u X © a o z > < o < o a
a a a X © X a H © <J X a a a MM a a MM MM MM CJ
© a k a a a u a U © a X • o I K a J > J— ©
< a © i a o M-l o a a < a MM > o a X x o CJ o < a u z
3 a < X a z a a © 9 »- MM a z a a a < < D z <
© a a MM © MM MM a a © © o o a K o © X H o a D a
z 3 < a z • © a a < < a a © B © © a o a H
< I a MM © © a k a X • K X > a a Z MM a
a © © k © k z a 3 a z H H z cJ © a a Q a © i a z a

z Z © a MM © Cl i • a H Z a 5 z H < a z H a o I
k »m a a < a X j- © © © o a X © © © X a o MM MM h
a > © © r 3 i O z o a z X a Z a D u B a
1-4 a < © o © © k © © i h- < a o a MM o © a U j < z
a 4 © *-< a B < MM z MM u o < o K M- ID K © C5 K a
u a I a O a B a < H a z < z a © © » a H z 3 I
© a a k a X o a « © I o z < MM h © o © o X B

cr

UJ
a

cr uj

o X
a o

co
o
UJ u.
© o

a I MM © a a a < a i CJ CJ CJ 0 0 o o o z k a a 3
M-4 k • o a z X k © a k X Q CJ k < a k < o MM MM a a < o I ©

Z k z CJ MM a —

•

a a k a MM 3 X © a < k a k k a a Z k <
© Q < 3 < o a < a a k I 0- a O o 0 o a < < a MM z >

Z u a a 3 3 I CJ o B z < _J X z X X z < X < k
a < © k © a -I © • © k t _j MM I o k i a a o MM © < O
a a 3 -J o CJ < cr z Z a a a a CJ • 3 o i o o © I a
h z • O o Z a a MM • MM o X o X < B a z a a • • a © k z
3 o 0 k Mm X k o .» © o a a < o X a z < © z z © o i k MM

Q MM a a X z 3 a a © © a a z a z MM a MM a a i I X
X k o a k a X a a < © a © © k © < < 1 © ft

i
MM o © © © a

o < < © k < u X © < u a © z a o I < o z a z a a a a a MM 3 a
CJ a z k < a z o a 3 o z z MM k a _j a a MM o MM © o a © »-4 o © k

3 o a a © < u a © a k MM X a < a < k k < a k z < CM a
a X MM © a o X Z a MM X X • u Q o u © © k 3 © © IL O Q
o MM k UJ I a a a a < © < o X < a © MM z MM a 0 O a a * O a a
a © < a O k I a o ro k _J o a < a > < X < z < X a O © a a o O z a

k s0 MM o k a <NJ a Z z o a © MM a © a MM a MM < • a n © © a
a u. z mM > a a o a © MM < © o k Q I _J MM © o O a o X o © z MM

h O a o a a I a • a X z _J o a a u < © z I k i • a 3 MM © <
3 X » a o o k a <\J a Mm M © a a z © CJ a MM k © z © © o -J o a ©
k k 3 O a a k X a X a © a MM 3 M MM Q © O z O o z a z © f* k < ©
MM o u o o a a © < 3 X X a a a Q © X MM 0 MM © MM MM © MM X © o
k a o © x z o o a 1 a © < o © a i a O z a a u X k X MM UJ a >- ©
© k o u MM a k z © < a CJ to > k o a MM i i a © © o < © > a © < © a
Z < o MM Q u Z 3 k o a © < MM k X CJ k a a o k X o a X © 0 © ft

MM a • r-t X O 3 o a a X o a © Z k Z X CL © a © a < z z u < >
k o B U 6 Ml X • a a I o a M -J MM © a O a 3 a a o a © z MM o MM

© a a o k o mM © a k k 3 a z X k k a a a a k • © MM

a © X a a a u k k z U © k a < k o < k a z k Q a Z —4 z a k
a a 0 < X a MM O' i/i MM o a © a z a a 3 k z a z i MM Z Z a 3 k o a MM

i z a k a z •M a * a o *-« a o -J < ¥ z Z < a MM B MM < a O MM © ©
k • CJ CJ o k < k MM a o a I o © > k a MM

X • o a z © a X z Q k < k X © O z © u • © © a © a < a Q
MM a o MM a • a < a Z © < o a < k MM z I z MM o o a • X — ©

• z k a a o • < a - < a a a CJ 3 k a k *-• a k X o • a X
> < z 0 B © O a k o a © O a o MM a B B © o < B k © ©
o <o a c o © » a a o • a © < • a a © CJ 0 O a o CM © a a a
3 3 < a a a o 0 i a a a o *-t > • a a MM a < z O MM o a z 3 i ©
k © X ft k a © © o a X © I X 3 a 3 a N X k a Q z o • < © © 0
© a < a < a <0 a a a < k MM a z a © 0 © ft o z < a O a « Z

• © MM © B 0 o U 3 © 3 k a o © < © z © a a k k < o o k > a
a • OJ © a • © O 0 © a >- MM o I < o a a a o Z © © a I o
a © a o I < © > a a o Z o Z k k I k z MM X o o a a • a o a a k ©
I • X z © *M O © a < O 1 3 B a MM k k k CSJ a k a © © • o © ©
k • o MM MM ft © » Q o a © a f © © < a < © a © X ft © z • > o © <
a O < © I a a © a > k Z O © X O Z X < • z a o < a a ft k i z
3 vO z B > a • z a a © f> 3 M © a a z MM a X ro < i f a a o © B Mm a
l

L

< < ft z © — < z k © X a » i a a k k a o a a z < Q a
z • © © © a k < © MM © a a a k o k X a k • <t a I k a a © • a k 3 ©

a < > © © a a X MM 3 X a X o X a © X © © O k 1 k a UJ © 3 MM ©
o X a a k MM MM a i © X 3 a z k X a © o z Z z o a © < a f* k © o ©
a a Q o < a • B a B k MM < 0 MM < ft M © a *-• a «M X a X B ft © MM Z •

a z MM k o © k a ft k a o © i a a a MM > ft • MM k k © < o •M k
o < > a k MM © B a © Z © © < o CO a a o Ul a o a X z N *-• w ©
a a © u o z a 3 a X MM < o a MM MM MM a © — a a k © a z o o a a O a X k
© U. © © a o a o a a I a a a I a a I o I a a N © 0 i •M k o z a X © © ©
o o o a k © k a a k 3 •-> B a k o X k z k z © © *M X k a k a
a 0 a © Z a i < © © a a © z a 1 k © i •M a
o X o o —

« MM X k a < a a o i < • < a z a a © © a
a k z < x a o < z I a a o z ft z Z H © *— o a I MM o
a mM © < X k a © a k X © a 3 (VJ z o < N a o z a — © < o ©

7106000

1

FRIEDMAN,

D.

C..

DOCUMENTATION

OF

BLOK

1

AND

BLOK

2

—

PROGRAMS

FOR

PRINTING

OF

SELECTED

TAPE

BLOCKS,

DIV.

650.

JUN

71



INSTITUTE

FOR

COMPUTER

SCIENCES

AND

TECHNOLOGY

z <
UJ

k Z
< O
a a

IL
IL

o 0
LU

uj j
a a

0
x > ~

U- _
to o >
k 4-

*- o 3
5 z
a k
iti h a
a z o

Q 0
z ~
< I

a -
a *- o
* _j

</) CD

X
k O
*- 0
i -J

D
UJ

O
3 »-•

z «

00 z
- a o
1 uj q
O k Z k
0 0 < <
co < aSOD
z Z k

liJ O W M <
UJ UJ

< -J

<
to >
UJ UJ

Q — (-

D a z
J H UJ

o UJ

<0

a i
uj k
N •

-« 0 z
J UJ ^
< z

a z O' o a —
1 a Q 0 a to u z a a > u a Z to a a _ z

• o a a o k a a D k Z D k < o a *_< z a Z a z a a k <
< k > a a (O a k z k < to o 4—4 i o o a a o z D a
k -i 10 • 3 o a a k D a »-« U a < z u > k < a _j o a O k
< a > o o -j a k D a k -J *-h X a < to a D * a k a a u 3 a a
O a • to n -J a a z to a -J k z > o a -J 3 < > i z 0 o

a to o > a Z z o > z 0 to a z a z a < Q z k *-* z < D a
k z to a o a i •-* o u to < D Z a o u < I ** Q D a < <0 i

z UJ

, < to
(/) UJ

< X
Z k

Z UJ

OKU.
a o
U. (O

< z

k
u
<
a to

uj a
k UJ

z a

0
u. —
o

0 Q
1
k <0 to 3

D Z

z
» UJ
o z
N UJ

o a
- D

to

<
in uj
- z

a uj

uj u

to Z
UJ UJ

a k
D to
to >-

< to
UJ

u -
-• I
a a
- <
u a
uj 3

o a
uj d
o <o

z
uj a
k O
z a

UJ ~
a k
<
k Z

D
U ->

3 a
z UJ
H k
a d
d a
to z
< o
UJ tj

Z w

UJ to

O UJ
d a
k <
- k
-J

o
U. 4-H

o
to a

H O UJ o
U UJ D U
UJ > O UJ
a ~ ~ a
to a

UJ

to a
z
i
u
UJ

-J k

O
k k

k D
Z U
uj a
D -<

z a
< to uj

z _~ <

> UJ

uj i a
-J h -

a

z to000 a

uj •

i a to

< «
* to
Q tO

a <
< i
i u

UJ •

O to j
D < ~
-j I a
o
z o a
H to O

_j a
-j <
a a
Q JUJ
a cd

to U)
z *
o u
~ o
k _J

< 0
-J

D
a

UJ

_j

0 _ _
z ~ 3
< k <1

1 I D
Z 3

O D Z
k a <

a o
3 z
< <
D
3 to

z
<
-J

a

k Z O
o a
< x

-J Z k

a
i

u Z I- K a K a Q |_4 < a 0 a Z < 0 0 K 0 a D > < j _ W-4
t3

o < < Z CVJ a o Z K > a z w K z t-t -J < o < K K > K a a K <
-J z K a a a < u o >- Q M a a < a o 0 D a t— < U < 0 < a K 1 D •

0 Z z 0 a < a H a O 0 o u u o r-4 O a *-* V a Z D K Q a a a t3 o
to a a • a < a K < < z a 0 z V a a u a _i a a < 0 a _j Z a

a < z a r-4 z a a Z Z o 0 < a a a a < z K o o K O a a a < z
a D D IP u a K a a Z • 0 o o a o a 0 -j *-• a z a 0 o a a z a -J t_4

<r a u 0 UJ -j a Z z a o < Z z a K i 0 o a a o « z a X < o z a
k o o < J < h- •-t a H u < 0 a K z a K a I 1-4 < i > i- _4 Q 13 a
a o a o K a t-t _j _J a 0 a K < a 0 h- < a H K a o o H V Z o

O z UJ a a o a < 0 0 i 0 a o Z » z a a o Q a < Q z < >-

a to o 0 z u z z a H a u o a i z K o O O o < z X z a I
k * z a a a *-* X 0 u > K < a N u z K < a H _J z a K z 0 a
<3 u < u 0 o a K K 0 o a a < a a a i a -J < < 0 o O < <
a o z 0 111 u < z HH Z a o < I o a Z 0 t3 t^ u o a < Z a a a 0 a z a
_J -J z < z z < z D a a Q K K z < D D a < C3 u o a 0 a z 13 < t3
a 0 z a < _J a a • z z 1-4 K "> o Q 0 a D < a i z 13 13 o u o
to a • o z < 0 0 o o o Z K t-4 z •— o <3 D 1-4 0 a o 13 z a 4-4

a K o (-4 a • a > u K u a U H U 0 a < a o Z C3 I z M t-4 z H-4 a 0 -J

a o a a K a » o a 0 Z Z K a K a a *-• •-* < u u < Z u Q a K a < N a 0
o t-H a a >- a < I o a < 0 0 a a K > z 0 _J < a a u H h- Q <3 4-4

to a a z a Q a o i a »-* z a K 0 a *> a a UJ -J < K a z a -J a < 0
k a u a D D a K < K a 0 o 0 a z O a K o I -J a 1-4 D 0 o *-• K D
D a to * K a K a < a a a 0 o 0 i 0 K < 13 a Q u a < K Z t3 K
O 0 a • a 0 K < o a D a o K < 0 K >- h > Z —• Z M-4 z D a Z 0

z Q z p o _j z I 0 0 < a z i z 0 a 0 a 1-4 i o a H f- C3 4—4 < <J
3 D o O 0 D < K a H < u o a K K • a o a HH z V *-H D U 0 a -J 4-4

z Z 0 0 a a > > -J a u z M < Q > o a 0 a z I u a < 0 a o
4-4 < o 0 a D a Z < z Q a a 3C I a •—4 V a 0 K < h <3 a K a >

I
a v0

k o a D o O z -j a K u z a a K < D *-« a a < a a O z a D 0 Q a o K
Z a a I • -< a K U a < z D a Q Z X a a 13 Z *-4 0 O O K a 0*

1-4 K z > H z z a 0 < • • o D 0 Q Z » o K 0 z O a > 1 a a D 0 •-4

a U a • *-4 J I < >- a 0 D z < < a < a z •-4 o < a -J a a H o I Z Q 0
a a o < Q D u a 0 0 a -1 K o e> a z u K o a I tj K a i

•-* K D * K 1-4 a < D
_j 0 a z < K < *-< t-i z z z 0 K o o K z < o u < a > a u J a

a a < a • a H Z Z —• -J K *-• 0 a U K a O _i a a U z a a a o u X
i to z tJ CL o Q *-« a a < H a HH a >- a 0 a X a •-4 K a K
k to Q Z Q z a *-• a z a < I a a K 0 _J * z < > *-• 0 o < a a <

< a h h to o a a k z a < a a z a
a a Q X 0 a z < a 0 o a Q o z a 4-4 a _j > 4-4 o • 4-4 _j i
"> a 0 4_l 0 a o 4-1 Z a o 4-4 0 1-4 a z a t3 K H i a 0 (0 H K a u
a 4-4 < 4-1 <3 a a J a H o a o 4-4 < a i 0 Z >- o 0 a > 4-4

p z 1 -J t3 _) < a < * < o < a u o H 0 H 4-4 z t3 4-4 < < a —4 a 0 a I
D 4-4 K a 0 D < a u H z u a a o a z u 0 a 13 4-4 a K u o -4 > _j

a 13 a a < 0 z z z t3 u 0 D 0 < a o 4— I u < H z <
a Z o K K a o a a 4-4 a a 4-4 K I K Q a 0 0 0 O a a u i z
K a a D 0 a a u a u 0 o a -1 »-• i u a a z a a < a a a < a t3 o

a a a a I a z a a a < _J u o 0 *-* o Q o a 0 a > o o 4-H a
O Q a z < K z a a o D u a < a z 0 > D a 4-H K I D
a z o a 4-4 a a o 0 z a o a a a a > 4-4 z a a z 0
< 0 u o 0 -1 a a a a -J < o t3 0 o i a < a D 0 H < a

a a a < o a i 0 Z a > V z K • < u a i z -1 0 0
a z X a a U z o a K D a > a z < K 0 z a K H o a 4-4 z <
«3 13 H > * D < a a K a a < z X Z 0 -J 4-4 t3 I a •-4 X K 0 •— 0
a 1-4 4-t a 0 I < 0 0 0 -J K a a «J a a • < z < u a I K K U z
0 Z K o < a 0 Q a a 4-4 > D z K z Q a z 4-4 D 1-4 L> < a o Q <

0 a <J a < a z i 0 0 a 0 a a o o ^ -J t3 I z 4-4 a z -> tj a
o < a z a a < H 4-4 H < z u > o 4-4 z K s a Z < I a o o Q z

» o a z 13 D H a < 0 z o u 0 o D u a a < u 5 a a z O a
• Q a a < a 0 0 13 <j I •-« C3 u < 1 u O a a a a _J a o > a a a o

k k
z z

I « w
k tO

a z
a h z z u) to

_4 a _ a z • 0 o a < a I < Q K < D 0 < < 4-4 > a 0
a a • < 0 < a K 0 D 4-4 a a I • I K < z D • > <3 D k a X 0 a
K o • 1 a 0 U a z 4“4 • i < K Q K K a a a I a Z Z a k k a >
< Z a a Z i z < u > o o o K K a a < K C3 z K H < < a o a -J a 4-4

Z z a a a u D a z a o a _J o < 0 » o Q Z Z *-H a a -J z o a a < k
a 0 K a 4-4 z a < z CM K K a CM U H •-H • < X K > a 0 a o o 4-4

a < D j K X H z o n 0 < o n • 4-H < a H z O < I a < a z 0 k k 0 z
K 0 z a < < Z a u K O u o H z V o N a a o a < 0 o a a a •-H

_J a o z 4-4 13 o 0 z » z z O' a 0 • M -J K 4-4 0 4-4 a k HH k 0 X > a
< a X o a Z z X a a O' _J a 0 z a a D K < • a U -J CM < K a 0 0 o k 4—

> h- u a o 4_ a Z a 0 CM 0 1 0 O' t3 X Q U > < Q a a K a i z a a k a
a H o < a a 1 D < H » z z K o h- • 4 4-H i z o o a 4-4 0
I < • a < o 31 a a O a < — Z a 0 X 4-4 < u a • o Q a o u 0 D • z a
b- a o Z < a a 0 _j a 0 a a t3 a a lL W O o t3 O' w tj K 4-4 0 a a •-4 X
0 * u z a o u CM 0 0 u a o Z < z z z 0 0 z k a a 0 a k

0 > K a a D < 0 a • a z 1
4-4 0 z 0 a l-H o a a Q a a Q 1 -1 a a < t3 u a < a

K a a i o O a 0 z t3 a a I a a Z < Q 0 *> X z a H X a z a o z a < o X 0
CM o H o a a o 13 a 0 h* u a a o a a K 4-4 Q 0 K H Q a < D a k a •

Z * a y~ a o a 4-4 a i o a > z o > o >- < K _j <3 a < 0 a
a O a a K a 0 o 0 a 0 a a o < u a o u 0 Q • H < u Z a k a 0
Ul _J D < Z X a a a a 0 a a z H a D z z 1 Z •-« < K a < a < I <
a 0 <M 0 a K o a o o a z a 0 a U -• < a < O 0 o -J 0. O k V

21



X <

• z
_l <

< >
I b ~
z
ID

0 3 < z b o u UJ O' < in 15 in z o o
0 “) CL if) o z o O *4 IL < 0 Z *-* z 0 a O a 0
3 cl UJ 3 if) UJ u < LL b-t O o > 4 CL 0 0 0 • 0 Z
u © UJ a \ CL if) < 3 • if) 0 z in a »- 0 i o X o
if) (Vi b 0 O UJ 3 if) if) b 15 z < b X 0 in z H tf 1

- 0
t-4 o 3 o 3 a 3 z CL o z H uj o < © a z
o z » a I lL \ UJ O if) > 1-4 o 0 in u H in O 0 0 15

t-4 o z z > O o -J 0.
• a K 0 z 0 < o 0 0 b • o 0 —

i

cl > o t-t LL b 3 0 UJ ' a < CL t-4 H * Cr i

n

i •-t > z in

UJ U. © u O *-• UJ I O CL UJ 3 t-t u. 0 < • a 0 K u 0 b-t a 3 0
i *4 • u CD a if) a CL — < z in > z b o 3 Z o
K if) • I z UJ UJ a if) 3 0 V b a z < — Z 0 3 O
O if) > b UJ > > O X •— UJ if) Z 0 o a b K o o 0 » a a in

< i-* b-t I b-t CD b b -j I »- LL UJ 0 o H 4 < < CL < 4 b o z •-4

UJ -J Q 3 b b < b Z O a H o Z 0 a o <
X u u UJ if) IL u UJ z *-• 0 0 < a a H J < o
b • o 15 UJ if) z O z o < a i Z QL u 0 O 0 Z a z z

z b UJ z -> 3 o z • UJ n in b o 0 b 0 i o *-• a o <
J- *-• CD CO I Q
< h O 2 h J U UJ

0
IL t-

O
0

if) if) f>

o
0 cd

a - k
</> a000

k o a
a. id

0 (Y

b i
— o

3
Q O
z z •

< ID UJ

UJ

< a uj
a ui n uj
T b b b
o z o if)

z
ID —
I b

0
Q
a *
< o
o z
Z w
<

0 a

<
z I
- 3
H
< O
~ z
> <

b O

0 0 K in < »_ 0 • 0 0 X < 9 < 0 -4 lO 0 < U < b -J • b in 0 a
b 0 0 < 0 b in in Q 0 u V Q 0 » U b 0 »“ 15 < 0 3 -J 0 *» O 0 t-t < >

a o i 15 b < »-4 z *-• 0 0 o 15 -t < u < 0 O o O < V rl -J 0 z z
b in a O 0 u I 0 > in I b ft Z z I z O 3 0 z 0 • • z W o 0 z <
Z 0 z 0 O »“ b o z 3 *-* 0 in _ UJ 3 UJ 0 *-•

-1 o z < 0 < u
0 z m 0 a a Q if) 0 < u i b z r J 0 3 U O -J z Q Z 0 0 z 0
b o 3 0 Z > a 0 »- o b U u 0 ** I < 0 0 0 c- 0 ft < ft ft • 15 o o
< O 0 0 0 t-4 • if) b a a z 0 15 O 0 h* Uj I a > I 0 Q 3 a » O w 0
a. • • i 0 in o 0 0 a Z a a a b u) o in z 0 15 Q a oc

in 0 b H in o z Z b 0 u in D in < 0 o 0 0 0 3 h o •-4 in -* > 0 < in a 0 0
z b < 3 f b < o O z 0 ft « 3 CVJ 0 15 O O 0 0 <J ro -J * J > ft •_ 0 H z

a > • a T 0 ft if) o > O 0 O • 0 l 0 o o O U 0 0 u b 0 o •

< 0 z b o 15 b •— 0 u -j 0 _i 1 • 0 0 > fi o 0 0 < Q 0 > -< •"4 o — O < *-• 0
o a 15 0 o z O < O o CD < O m o _J if) Q < 3 N 0 0 b 0 0 z -J K j o _J I b 0
CL Z b u 0 < 0 z m 0 < > V 4 O M 3 0 3 Z < 0 0 if) 0 *-* *-< o Z O z a u a H
o o t-t 3 in O a 0 I 0 z b *-t K <? 3 O 0 b o 0 —

<

0 3 a 0 0 >— o b
b 0 » 0 • o 15 0 if) *-<

if) z 15 z 3 if) *-4 0 0 • 0 o in Q » a if) -J Q
K ft Z • 0 0 > 0 0 3 in ft 3 I • o ¥ O b 3 • 0 -J 0 I 0 h- 0 1-4 • a < _J

0 Z o -) 0 in b o z O z h- Z u O in 0 0 < 0 o • 0 b 0 Z o 15 < 0 z • a
X Z (-4 <J o ft t-l I < 9 0 0 • 0 u 3 Z z a 0 in I o 0
b -J _J — a _J 0 b 0 > I »- < 0 0 O o if) 0 -J w 3 0 in < > z < in 1

- *-4 0 ©
0 >- 0 (ii a 0 -J »- b U I in 0 -» 0 if) 0 I •-« in O 0 0 b 0 J 3 K 0 •—

» in o 0 _ 3 0 0 < » ft • ft 0 U m in 0 a •— I b 0 o -J in u b ft -J _J _l 0 < 3 N
* »-4 z • a < in 0 0 z _J in I I z 3 a K a 0 -J 0 in 0 if) 0 0 0 a o o
CL 0 in < a 0 z *-• in < •-4 b 3 b 0 • J > < < > 0 3 Z O O N ft 0 a

b o H Q O' >- 0 < u o 0 m 0 0 < 0 -J 0 0 o 0 •— > O o I 0 O' 0 > I z
a z 0 0 0 0 ft a 15 < O in Z • •-4 I _j *-< O o z b •4 in V b a 9 0 in < b o
o in 0 • < in Z 0 O 0 0 z o 0 N b m CD 0 0 0 < in U b 0 3 15 o z u

H U
»« O

< - »-<

© b
z

if) UJ

u ^
o

Z CD

Z
-• o
Z H

2 Z
— < ID

a a i
a h

0
a u.

l-UJ>-JZJ<J
a 0 < « < 0 <

0 Z 0 > < ~ CTQ.UJQ.
— Q ~
u ~ u

- -J

2 3
UJ 3

V)

if)

X < U K O H K

0 UJ
a if)

» 0
V) UJ UJ

— 0 “
x a uj
K 2

if) <
z z ~
D o a
z u a

CD 0
o uj

a u © *- < a

< z
¥ Z O
lO O H

H
a. b u
- 3

Q Q O
Z O UJ
< < a

UJ O'
CD

I ©

CD

z
o

_i © <
< U
z a
o UJ UJ

~ ~ I
b LL H
< -•

a u i
UJ UJ h
a a -
o 0 *

< -J Z z o 3 0 0 > z 0 if) • b 0 Z 0 O Z < H4 •

3 0 u 0 >- 0 -J > b 0 < •— b Q • 0 CD a o « 0 0 b < 0 u O'
* 0 u o > b O 0 *-4 z X 0 0 © z 0 Q K 0 Q o 0 > o z O'
b 0 z 0 0 ft z 0 -J O I 0 < O o o 0 Z < 3 0 > 15 < _l < 0
X 0 < 0 0 -J o z u < a 3 VO t-4 b < < U 0 if) CL O J 0 1

0 3 I < a *-• 4 o » < < b b -I b b u H t-t © © < 0 0 z b z
H z 0 H z O < ft 0 U o < 0 Z b b z 0 a 0 ft 0 K
0 0 0 0 < < < u • > o D z _ 0 -1 0 Z V O 0 > O

h- CD Z o 0 b -J J if) O 0 < z 0 < K 0 if) 15 O > 0 •
Z if) 0 0 z 0 1-4 < J -J < *-* 0 a < I z z 0 0 0 z CL 9+
0 O Q J 0 0 0 z < z < < 0 0 0 o 3 0 z a 0 I U ft 0 < Z N
»- b 0 0 z 0 0 0 H o z u Z < 0 CD Z 0 0 b b 0 b o 0 t-4

< < Q < Z 0 -J 0 ft 1-4 - < > < z 15 ft > 0 b ft 0 z b b K
a > 3 0 0 < 0 0 Q b »- 15 0 z 44 o > Z 0 X o b ft z U

-J O a z 0 a O < a O 15 0 0 » t-4 <» o 15 o 0 0 3 0 J 0 © 0 o
Z 0 h* b 0 0 CL o -J O b 0 -4 0 >— 0 15 0 Z 0 a 0 0 K

> »-4 * 0 0 -j a CL 0 o 0 ft 0 if) 0 b z 0 0 0 < < H- »
15 CL t-4 15 i o 0 < o a 0 u a 3 UJ 15 0 t-4 z 0 © z a < t-4 o

© • J Z »- X b 0 z o 0 < I O a u O 0 t-4 a t-4 • < 0 0 «
_J o *-• » b Z 0 z j b 0 0 o 3 3 V • z > z Z 0 3 ©
o 0 0 o 0 if) 0 0 0 • Z 0 < »-• V 0 0 m O z 0 > if) 0 z o <
z o 0 Z O z 0 Z i o -j < < > 3 o a 0 o Z 0 0 0 < u 0 •

I © 3 < < 0 O < »- < u I 0 0 • G 0 z 0 > b z 0 if) < >
u 0 »- O -1 o • z a ft > a o < z o J b ft 0 0 o K b 3 t-4 >
0 0 Z 0 3 z b z H • CL K o K < 0 u © z b O Z z o I
»- O 0 u 0 t-4 o 0 3 3 UJ 1-4 t-4 > o b »-4 i © < < 0 o 0 < 0 ft f b a

ft I t-t 0 o 0 t-t 0 O I- J- b_ z 0 0 V O H 3 0 o z — 9 I o o O • <
o »- X o Z a > 0 0 < 0 ft < 0 < 0 • Z Q a t-4 0 CVJ if) H a a _J 0 0
z CL 3 Z < < < > N 0 -J -J < > u 0 15 z 0 w 0 a z 15
< if) 0 3 b 0 Z 0 t-4 o 1-4 _j z t-t 0 t-4 z Z < > 0 b |-4 0 u 0 ft 0 O

CD O h- if) if) t-4 0 z 0 z 0 0 < o z 0 Q b 0 t-4 0 z -J Q Q o o u) b t-t

0 Z X • u 0 0 0 o 3 < 0 < u t-4 < < 15 3 >- 0 < Z 3 0 X if) -J

0 Z 0 0 *-4 0 i o »-4 0 15 0 0 4 b 0 o • Z < O u • h- -J < H a b > ©
u • Q K H if) Q b 0 O 1

- V 0 0 z < z 0 o Z -J z Z © 0 0 -J < 0 • if) t-4

z _4 Z < Z a H < Z O O IL 0 z < < O b < -J 0 0 o I < 0 if) z ©
0 N b Z 0 CD 3 O o z UJ 0 if) I 0 0 3 z o •-4 O 0 »- 4 * 15 3 15 0 15
*-4 ft t- K b .j o 0 b • > z <J o O 0 < « 0 u t-t a if) Z Z o 0 > Z H
u J Z . < < U 0 0 o ul -J _J < 0 z u O 0 t— b z 1-4 < 0 I t-4 t-4 0
if) 3 ft if) a M if) > 0 0 >- < O CL z < z z -J O 0 0 o 0 z 0 Q Z o b 15 0 U

“) 0 0 • • 0 Z 0 0 z 0 H 0 b o t-4 < < < I 0 b 0 0 -J Z if)

CL 0 O J > < o o o 1-4 Z 0 o z b 0 0 b 0 0 z © t-4 0 0 0 0
0 CVJ o z < P 0 t-t t-t 0 0 0 Z 0 -J o 0 if) 0 u <» i 0 o 0 o • 0 U ©
b 0 o •-4 b z 0 -J I Z < •— < H O t-4 0 0 ft b -J 0 0 O < o
3 _J 3 ^ -J < 3 0 z < b z D 0 0 u z Z 0 0 0 O 0 w a a b 0 »- _J a O'

a * 3 O Z 1-4 -J 0 o 0 0 Z 15 G < 4 O 0 0 H- o z V Z 0 0 H a
z o 0 0 0 0 0 O 0 u 0 in 0 < O -J 15 u < o > < b t-t 0 < z if) O Z
o 0 if) I < O if) z 0 > 0 o O z 3 Z o 0 4 . i 0 < 3 b 3
u \0 0 u 0 ft if) 0 0 0 o » a _J z < f* 0 3 0 )- O o b 0 < O Z 0

3 Q 0 > 0 < *-* 15 if) 15 o • o 0 o 0 I b 15 Q 0 »- b 15 0 a 0 I

22



INSTITUTE

FOR

COMPUTER

SCIENCES

AND

TECHNOLOGY

3 a a ©
a I z • a MM \ ©

Q o z y o z o © < a a
Hi y a 2 IL 2 o Uj © X X y 2 2 •

cj o • cj co 2 o a MM CO 1 a y a © UJ a
CL UJ CO 10 MM CL UJ o a y < > O' 0 Q 3 a y y
UJ I MM 3 MM < Z CJ z 0 Q CJ ID 0 «M » 3 2 0 a 3
2 y < o _l MM o o Z Z • y a y O y y o a
UJ a y CO a z a MM a < 3 CO o o I < a X a i Z a 2

U. UJ 10 a a < CJ a y a a MM z • o CJ a z a a CJ a O a
c

o

o a MM co < a o z U < y MM a y MM a o MM 2 y u <
2 < MM -» a 1o MM a a co z a CO y 2 z < 3 a a X X z
UJ UJ a y O 0 Z < Q < 3 MM a < a (0 < © UI y a a CJ CJ o Q
y a 10 a a < a O a CJ I o u o a CJ o z CJ i a o < y
© 3 10 MH a 2 _j I o a a MM y z MM i y O z O CJ z z z y a y
> y M4 J a *-• y a ro 0 < IL < y y 3 MM z 3 a o y a © z
© < I < * < Q wM 2 z a y < 3 a r a y MM © < a a < y a

Z h- UJ a a > a 3 a o o o 2 < < — © a y a z >
UJ a < < a • y CJ IL Z a 3 C\J a a z a Q 3 2 o a z© UJ U. 3 CO a a CJ y X z o i a y © o 3 • o o a r 2 o
Ui © o fr- —> y a < z •M a MM a CO MM y I u O © © z UJ LU u
I a < i z o a MM vO O i H CO < y < o z X X a r4 2 a
y UJ UJ UJ y a X —

»

y U) MM 2 MM o z a u a i a a CJ a
> (0 a u «o a CO o y X y CJ y a Mm MM o < o y < z y Z
o a u i MM MM a a H- a a < 0 I a y 3 y z 2

• o a UJ o < MM y z o u < a y © < x y y a © a Q a z
Q a i y y a a 3 Uj z a a Q 0 CJ a a < a a a Z X a o
UJ UJ 3 y a < CO z CO C0 y a < o a co z O o z a > i < y 2
Z I a CO Q ~ • MM 0 z a a a a 2 a 3 z o a y MM y
* y O a o -J Z o z CO a a z o a • a y a < o a a y <
o UJ • a o a a y o CJ Q a o OJ < a o LU © a a o a

1 o i CO cr ^ y y 3 # y a o z MM a a y z I o y o y
H y K 2 3 a <j z o wM < CJ y o MM y > cr a (0 • y a 3 z z a
Z UJ a 2 < a y <J MM o CO < a a z < a a © © CJ a o < z
UJ UJ y a co y MM o CO I' 3 Q a < 2 i a a Z z 2 a
2 3 • co a a < a co > z > a y z a -> MM y > MM • a O H CO a
Z O 2 y a i i a MM o 3 I a < < i 2 y y y © a o CJ < a
CL UJ CO X y u a -J z 2 CJ co 2 a > u « » a MM a a a 1- a a
UJ I y 2 MM MM y a < a o o • a o a Q o 3 CJ i
> • fr- Q o • a CO a »M O y 3 < a o o X a o © <J a z y
o © UJ z u I MM a CJ < o o a o © a u I 2 3 2 a 1 2 <
cj 2 ill y < a y y • a 2 < a z a a i < y 2 < a a O 2

UJ fr- UJ MM Q 3 o a O u • < a a • y y o O © a Q CJ a • o
a y < > y co a < * a y O y co < > y u y CJ a a o o cr

o © 3 a • mm a y a yO y 3 y 0 CJ a • MM © < a MM o a a a a
> 3 3 CO a a a < a MM z z O a cn o z o a a y < y a 0

UJ © < CO 2 u o > • < I a MM Z > a a o a a a 3 < a »-4 CJ

a > a o a a a > a y MM z CO y M MM 3 » a y a o o a a a 0 a z
CD UJ UJ UJ y o a 3 i M4 z i 0 o a co y a a a CJ a 2 a 2 o 3 2 u
< z I co X CO y o o y < a a CO o < © z a 0 y i O CJ 3 © y
-J M O y y • a • > y a y a > z o u 2 a z y u a CJ Z a a
(-4 -J H CO a CO o • M. C0 MM a y < a «J z 3 o < © < o 3
< 1 UJ o y 2 y 2 < • a > o n a a a < Z a 3 a ©
> Z fr- a cj u CO a a U o co a a I a CJ a © y a o • o a < © a
< o _l < z a a y CJ _i O • 3 a • y i • z o © X © < z y X a a x a MM a

3 a MM MM •“« co Z 0 w a a CO a a y a a a a *-• o a I y 3
> t <J 2 CO cj a y MM o a X z a a 2 a o © a a o y y u © ©
-J z M O CO (0 Q a y 3 2 y *-• o < a < a 3 a o CJ 3 3 a MM a a
-J UJ u. cj a uj a a a CJ X a 3 C0 Q • y a a y a z a y z y a y CJ
<T a u u a a y o z a 2 a z CO a a CJ CVJ UJ a MM a a 3 _ a y z
MM a o o < a X u CJ a o y MM y a y a u a o z © Z y © z 2 3 < MM <
u 3 Q y a < cj u z C5 3 y X a a y MM a • y o a 3 a CL O a a 0
CL U a y a < MM < y MM < a a 3 3 y a a a > MM o a u a a MM a
UJ 10 I a a Q a a 2 u < 10 a a i X a y a a i < a a z 0 3
2 o MM u y i © o O CO z MM z a 2 z y a < a z © a y a 3 < y
2 y MW z y ~ a a a z 0 I < CO a O CJ o o y N < z CJ a o © o a 10

O fr- I a x i y 0 o y < y 2 3 u < i a z MM MM < z CJ a y y < _
cj z M 3 2 y y a 2 MM a > MM a -J a 2 y a a 2 a a z y z © u oo 3 • > a y < MM 3 o a I © H a a •MM MM o y a MM z © a y a
UJ MM • CJ U Q a a < y > a y o Z 3 < a 2 X y MM MM 2 MM © a CVJ

cr y © z O a • o 3 X CJ MM a y a * mM o 3 < < • a o o MM y < ro

< < 2 Q o y 2 CO a MM a 3 CO a ^ co r-4 O z a 2 X o z a y ft CJ MM z «-4

2 UJ -J UJ — 3 z MM CO o a z o a < © o a a y X a a z o
h- o fr- < cj > y a CO b 3 2 CJ • MM CJ a y 2 3 O o © © CJ o a MM o •

< y (0 z a co MM 2 y 2 a - o < < a co a < y 3 X MM a mm a y X > z y CVJ

X 3 > CO MM 3 v > a a 2 O o 2 MM <f y > o a © a a y a o a © w a < < < ©
y < CO z 0 co z a y z O a IL 3 z *-* y y • a © a o X a a X a ©

o MM o a co u i 2 co o Z CO a cvj < < z 3 a a CJ a a © 0
© V cj a CO u > y < u a MM 3 O u 3 CJ a n y o a - CJ © y y MM o
2 a z CO u z a o co a y u z • o - CO z © a a Q a 3 o o < a z MM > mM

UJ < MW z CO a a • CO MM z MM y o y CO a MM 3 • X a < z y y z a I a z
K a CO a a y z y z z 3 < 2 a < a a 0 3 a © y z O a © a a a y 2 3 o a
© 0 10 2 o CO Q < i <x a CO o o CO co o z a 0 - n z a a z o 2 a a MM z ©
> •— UJ MM y z CJ IL z C0 a 0 a « a i z < X CJ mm a y a a < 0
© u o a CO < MM y a a 3 < a • Z a a > a a mm MM 2 < y a y < z • a o Z

o o • a a o a o a a a i z o y i a © a y CJ
CJ z a a a y - -J < a a I y a MM 2 • y < • a y X M © y X MM •

z MM a o I MM < a co a a a u co • MM co U y a o © a o y o D y z a CJ z CVJ

10 cj mm a X i < 3 MM 3 N MM a z 3 a • a I z a 0 a X a z o y
© © y fr— M4 MM a y • y 2 a CO I I o a a a a a CJ MM o MM a 2 a CJ 2 i MM ©
© K z a CO a y z CJ CO a y * CJ y a a 0 a 3 a a N o MM MM u © < z
UJ a UJ CO < MM a a a 0 CO z a > a 0 < y © a a y MM a cvj a a < 3 a <
CJ o 2 0 a 0 CJ o y o < < MM z o o z a a 3 a cj z a z a 2 < cvj a a a y 3
o U- 3 < I a o a CO CO MM 2 MM < a CO a q MM Z hh z MM a a 2 a
a u_ U z y O z z a o 3 < MM » a a a MM a a o X M a X X a 3 •

a UJ o CO o MM o y a 0 O X o o a a o • a > < • y o a y y O
o < 2 a * MM » 3 0 a a < ro a MM z I z y' a X a < Q 2 3 o MM © » ©

H >- 2 O X CO y • o 2 a a 0 2 y a o y < 0 a i Z a 1— 3 y CJ ©
Z _l UJ CO O a z 2 a co a < < MM z MM 2 i < o < o © 2 i © MM

UJ a I a cj < a MM o CJ a • • a z CO 2 o a 3 o y MM O MM CJ • y •

2 < y a a 0 y a • a o y MM <J CJ > co < MM o • y a y z X a 3 - y MM © a © >
3 UJ 3 < o co u < MM y MM CJ co MM a a CJ a • • o a < 3 MM © o a a I 3 MM

U z fr- z y CO a O o a • o a y a a cj o M z < a a a a a y O o
o 2 MM < CO y o co a a a co a a Q a a a a • © • © a © i CJ u
o O a < o CJ < a 0. • o a co < a z < 2 a 3 o » 0 y a z a < •

a o a a y o MM u a X a CO • o z a a a Q a a a © . z o < o ©
> LL UJ a u < z a a a 2 MM • 0 o X 3 a < U a y © © © a M a
z Q a > Z 2 MM X y z co O 3 0 MM a CJ a a u CJ © 3 © © » o a y z • a
< z o a a a CO y < a a o CO CO y i M < N Q u. a > a a < CVJ 2 z o y MM

2 o > a a o CO a a o z 0 • • < y X > O o © a CJ CJ Z N a M a MM a
MM Q y CO a a a 0 0 < z z O > 2 • * a o CJ a < © y a y • a

UJ K a c

o

a z u • < o MM a z a a CJ O' 2 z z 3 3 Q Z o a < a <
a 3 a o a *- o y » CO U o y M O o MM o i cr © a MM o a © O < a z a a 0
< _J a y a a co z < o MM X a a y a i a a MM a © * 3 a o a 3 *

o (O co a MM o I a a a z a a 0 O' 0 a y 0 O a 0 3 a MM CJ a a
UJ > UJ < o < a -1 • a CJ o Q y MM z CO CJ X -« o < 2 a a a • a y 0 M4 a <
CL UJ 1-4 a 2 y X a X • 3 a N Z MM 3 z y • a a CJ 3 a 3 O 3 a o a
UJ H y a a — z a MM < a 2 a y a o a a y MM 3 o a o MM z a © a a a a z o 3
X UI >_ z o o y a a o 2 o a a a o a cj X 3 a a a • z o MM CJ vQ X z < o 2 y
J— I _J a _i M4 2 3 z a MM z a z y o X < a < o 3 <r MM I y a CJ CJ

y MM CO a > X 3 y a 0 a a < a y a a 2 © • i a 3
u a > o a CJ < a O a cO > y 0 2 < MM 2 a z a > y > a a

Z < a a a o O a a a <r y a o 3 z O CJ 3 O a o © M4 MM a X y
u a o a y O a < rM a u MM o M4 CJ CO o u MM O 0 CJ < CJ 3 CVJ O 3 © y ro ©

o o o o o
rM o o o o
o o o o o
«-M CCJ MM MM MM

r-t — o o o
r—4 —

M

CVJ CVJ CVJ

y y y y y

THIS

REPORT

DESCRIBES

THE

RESULTS

OF

A

SERIES

OF

PENETRATION

TESTS

OF

CONVENTIONAL

STRUCTURAL

MATERIALS

WHICH

WERE

MADE

AT

11

LOCATIONS

IN

TWO

CONDEMNED

BUILDINGS

IN

BALTIMORE.

MD

.

ON

AUG.

23-25.

1971

USING

READILY

AVAILABLE

TOOLS.

THE



24

O 2
b O
0

Cl <
id a
a b
KM 3
G G
O
ID G
a z

z
o to

UJ

0 0 <
UJ km

o a x
y 3 3
0 a

ID ID <
X O ID

(/>

CVi

I km

K ID

O Z
ID O
CD -

Q ~ h-

id a <
I 3 a
3 0 y
a a 0
< o -
uj 3
in o id

in a.

UJ 3
cd < <

z w h
< « u
3 ID

UJ u.
a

z <
o

ay*
0 < 2:

1 K UJ
K Z K
D uj in

< 2 y
uj in

id 3
x a 3
y 2 <

— >
y UJ

0 • ~
z a

y 3 y
G - UJ

o in a
UJ

2
o

• in

3
• y

UJ CD

>-
~ G

H UJ UJ
-< G ~
H _J Z
Z < <
uj > a
0 2-00

uj 3
UJ z 3
1 3 <

z
UJ

UJ

3
b
UJ

CD

in 1
in uj in 3
a cd < <
o UJ UJ

a y a

o 3 <
u. g
z o uj
- a I

I y
a y
o z

in z

in

z a g
uj o z
H lL <
X
uj <n uj

y -J

z

Q
I

3 y
G <
- Q

x a
a uj

O b

~ - y a

3
G Z
a ~

— o <nma 3
a j

IL O O0^2
Q

G
Z .

< o
in ^
UJ •

UJ km

O 3 y

b y
z _

in •- a

~ o
G

Z
U -

UJ UJ
y a

UJ UJ 2 UJ in < a in y a K < a O z 2 a a u O Q a 0 V
b > < 0 N < a y U KM 0 Q < KM G Q a in UJ z 13 a J a
G Ul a UJ _ _i in a in z < a 0 in < KM K O 3 < _j Z U KM z Z m k _j

b 0 3 y a 3 km KM KM -> a H a b < a z < < KM a KM 13 0 X a
0 UJ UJ I a 0 b a Z a G 3 O a a a a _J h H KM a UJ

b 0 0 3 y y 2 in b • z a < M 1 Z 5 1 a H O in < in a H a
in y K a G Z UJ UJ a 0 a 2 y a a KM 2 Q b X z a Z in K
z 2 a •_ b 1 H a 0 O -j a z 2 KM a a a 13 -J a < a O <
km Z UJ 2 a in b in a b a KM b -j I 0 0 z 0 < a 0 a G

< < 0 a V z 1 X < G < a I in in — b 2 KM »- 2 »- z _j a
2 in u K in a KM 3 a 3 < G 3 u H < KM H a u KM -j < h KM <

-J O 0 < 0 2 Z z < KM K y J uj I M K u < a < >
J 0 Q G UJ O y * < O < K-* 2 z a z H -J a KM a 0 in H a

• • -J O z a 1 in < 3 < Z 2 a O a Q K O 13 0 Z H a
UJ < y < H _j a a in < a z a Z _j 13 a C\J KM KM < 0 y
a 2 KM b *> 1 G a a N KM < ui a < Z O < H -J

UJ in UJ _J < < z 0 b w 3 0 0 _J a Jl 2 z *-• * • G U • a a

a z
uj g
2 ->

-j

G O
ro

* in

z 0
<

a G kM < • u y z 2 • y G a 0 0 G a KM a < a • y < a >
X O -> 2 a -K a < O (VJ a z 13 a 2 KM a
»- U • Q a a 2 • < 2 v£) G a 0 KM a KM KM a kM z a • G

< < y a 0 CVJ a <\j 0 y • a 1 -J G z 1 2 G G
13 kM in y a N y a 0 ro a y 1 • 0 V Q ~> 0 < •

z y in y G a • in » < a < 0 < z CVJ X KM KM 0 z 1 O
KM J 1 z in a y in y 0 KM a y 0 u G 0 ro u y I < O -1 y Z
y < z a 2 in < • in ro y < a y a KM 2 G ro < z KM

< z y a z 0 y 2 G y G < Q 0 y > z 1 0 -J 0 Z a a
2 0 y 0 0 z z 1 Z kM u _j < a u O a a KM • Q 0 a
KM KM • y KM kM a 0 z KM a a 0 y a 0 KM 0 0 a
b y OJ < y a a ro 1 KM y 2 • < a -> > a 0 a 0 V a 0 y a z
in < y a < 1 a y y a KM 0 0 z 0 z -J z a a i0 < KM

a a u y • < K G z y 0 a KM 13 < z I < z y 13
m z a KM 0 0 a u <VJ « KM G z a a -J Z a 0 u • a z

z KM < 13 a z ro 0 0 y a I z * a < KM y w KM 0 > a a a
KM > 0 KM • KM nO -J a u KM • • a 1 u 0 X G KM X 0

KM in a I y z < 2 c\j z 0 u KM a 0 2 -J O y 0 0
y _l a » a in -J u • a z G y 2 y 0 2 a z < -J z G a z
13 G I 0 < KM y > 0 G *> -i 13 KM < I 0 0 0 Q * y <
O IL y 0 a -J a < KM a KM y Z z y a a u > z KM y O 0 0 •

-J a 0 X u 2 G a y • < 0 KM G < 1 0 a 0 KM y 1 2 a • Z
O in z K 0 G KM O G y "> j y y 0 < 13 a 0 a 13

Z G Q • y a y • in in O Z G < G < 0 y KM y y a •0 KM

I > in z N -j in 0 O < < -J • 2 0 a G G a < G in 0
u a < KM a KM KM a j z a 2 a G O KM • a 0 0 z 2 2 I a G • a
a 0 y O rsi a a X a KM • a a 0 y y 0 z a < a y 2 a 0
b < KM a a KM z 0 >~ y KM 0 0 0 a a a 0 0 X

Q 0 » J y y -J 2 a z KM < y z u z z a 0 a z a u 2 > Q
Q J z 0 G a < 0 I _J < • y u 0 KM a KM 0 a a a
Z G y 0 y 0 a y y a y 0 2 > z KM z 0 0 2 u -J • 0
< O u KM G a 2 in u 1 z » G KM a a y O 0 a 2 a 0 KM 0 0 • KM

2 a y 0 0 a 2 0 z 0 O Z Q a 0 < z KM a y a a a 0 a z <
in -J < y KM u 2 *> KM 0 0 KM KM < -j G y a y G KM a a 1

a I J u < 0 0 y y KM > • a z G O KM • a _J y a y 0 a
u U 0 KM 1 a < a a u < y y a < a 0 0 2 a 0 z 1 0 < z G « a
z KM u a y 1 a a 13 « z a y a z KM M 0 0 y > a z a 2 h
a I KM a z y -> KM a — a < 0 < y y a a KM <3 0 KM in 2 0 D
*— 2 y 2 1 KM < 0 > y a 0 G a V 0 0 0 y z y a u a 0 1 a
u 0 z a y y u a < 0 a z y a z a a -J 0 y u y 2
in Z w • a y a a 2 a z KM a a z a • 0 y 0 < -J 0 0 a 0

O in 0 in a 13 KM < 0 a a 0 a z y a a z < a -i • u
a KM 0 x KM y O < t < in 0 a 13 0 y a 0 a y u > 0 KM y 1 < a
a y z u in a z in y a a Z y G 1 2 a 0 0 a > < y y a a
b < < < y z 0 a G KM u — 0 u a y a < KM 0 z < y G KM z
G 2 y z z 0 y 0 KM y a < a 2 y a z < a KM -J a <3 0 a
a a 1 y •-« 0 in KM a a 2 z 1 a 0 a 0 0 • < a y 0 • < 0 *-• C/l

— in
uj 3
2 ^
1

-j a
g <
< a
a 3
• UJ

z >
0 ~
in y
Q 3
G <
1 a

UJ

UJ

u. a
o o <t

a
UJ b
-> a *

o ro

a -
y a > < 2 0 0 N y < a KM G 0 a a 0 a 3 a I 0 3 a a 0 < • a 0
0 0 0 2 a a Z 0 KM u 2 0 a y y 0 a y z 3 0 3 z a a 3 0 a G G 0
a a < y 2 Z a z KM Z KM a KM a kM 0 2 a a < 0 O'

y Q • y G 0 < a • a < < a » a < a 0 a KM a I 0 a 3 1

1 a • 0 I Z z z 2 3 • u U 0 0 3 a • a a -j y y a 3 2 3 z <\j

a 13 u I Ul 3 KM ¥ 0 2 < 1 0 y KM a in a y z 3 0 3 KM a KM 3 a 0 < KM y
0 G G 0 KM 2 z G UJ 0 a a KM a < G 0 0 z 0 0 M a 3 I
a O G • a G y 0 0 • Q z a a a 0 a a KM • z KM O • 0 0 3
1 z O “> a 3 a y “> KM y a y 2 y a 0 a y G a 3 0 a X a
y a a u a Z O 0 y a 0 < G y 3 y 1 0 a Uj < a a z y < a <

a K 0 I KM a Cl a a » KM 3 a z a a a u KM z OJ < y 2 0 z KM 2 0
a a Z a y G Q a 0 u z < 2 KM KM 0 z a 0 y KM Q 0 y 2 •

0 13 0 G O 0 a a z G 0 a 0 a 0 < 3 a 3 3 KM < a KM 0 K y y
a a a a U u a 0 a 0 a u a in 0 KM z Z KM z • KM a O' 0 a KM

0 < u y kM 0 -j a u y X a a • a 0 a a 2 G KM O 0 z y 2 2 2 z cu

a _j z 0 a y < a 0 y y < a G KM 0 G y -> V) KM a z y < 1

> < 13 y a 0 -J z X 0 _J 3 a G 3 a 0 I KM G y y 1 KM KM 0 z a a ro

13 0 a a -j a KM KM KM a a 2 a y z a KM 3 a a O z < 2 < a KM KM 0 a y
y z a 2 < 0 0 < a Q I KM 2 2 0 KM y X 3 z a a ro Z a y a a I < y
u KM G a 0 0 _j Z y a < 0 a a y Z M 0 KM 3 G y y y G a
a z y 1 a a u a KM y < • < 2 0 0 3 a KM

~> Ul 0 a y 2 a y a a a 0 0 0 G a a z a 2 0
0 a KM T a KM a < y I 1 G a a 0 O a a 0 < 0 m
0 0 Q kM b 2 0 KM < 2 O' 0 2 y 0 O y 0 KM 0 < a N 3 CVJ a O' 3 z

O 0 0 kM 0 0 0
G KM 0 0 0 0 0
O ro 0 0 ro ro ro

<\) 0 0 0 0 0 0
O 0 0 O 0 0 0
CVI oj <\j (\J <\J c\j <M

y y y y y y y

THIS

REPORT

COVERS

WORK

PERFORMED

BETWEEN

1

JULY

1971

AND

30

JUNE

1972

AS

PART

OF

A

LONG-TERM

STUDY

OF

INTERACTIVE



fr- O UJ u in 0 > a
< in CD < • _j 1 z

IL Z UJ >- UJ 3 I Z 0 0 -J z in <
O fr- < fr- in 3 UJ UJ z 0 -J < fr- fr- h

0 CL UJ O -j cn j- 1 cr 1 fr— UJ 0 0 CL O <n z 0
z O UJ cr 2 a 3 MM 3 UJ < fr- in UJ 1 0 UJ * z z UJ z •

MM IL 3 UJ UJ in Z *-• 0 UJ > CD 1
- 0 z CVJ < >- z t-4 -J

0 < * CL MM X 1 3 in in in UJ I UJ < _j UJ fr- HM

3 in fr- O X a H CD • in z z 1
— 0 0 0 u a in <

z Z in < u O HM z UJ in -J < _ UJ z UJ < UJ D fr-

IL < < fr- 0 MM 3 -J -J a UJ < I a Z < 0 <n »-< in X ill

O UJ > z fr- z X fr- 0 a UJ < »- > z 0 "*> t-H in in CL < U) Q
z O UJ < t— 3 UJ 3 z u fr- < UJ z < UJ UJ H D z CD UJ

> < z in z 0 < 3 0 MM UJ u I t • < V 0 z > Z
fr- UJ UJ 3 O fr- Q UJ MM cr h- X cr H Q O Z in cr UJ a CDM > 3 Z UJ UJ O CL O z Q »- in cr 0 UJ in cr Q cr CJ UJ

-J M Z z < in HM I a UJ a MM Z UJ > 0 u. Q CD vO 0 O < ro X O a
»-M

1
- •_ < CL UJ IL fr- a fr- a -J < a: in 3 z Z •-4 IL O < Ul UJ

(D < X cr fr- 3 MM 3 cc 3 UJ *-< < a • z UJ z < » z cr CD
mm z < a in O fr- UJ z a _j UJ uj -i z UJ u > H cr < O' t-t

in a fr- < < *-« z cr 0 z h- UJ z < < cr Q in *-4 < Q 0 D CL

< UJ z Z UJ UJ CM 0 —t Z fr- 1-4 > cr \ UJ UJ a UJ in UJ N h- O U
UJ fr- O I Q 1 fr- 3 3 UJ fr- -J UJ IL Q H a I in X Z 1 UJ in

• u M i < fr- 0 0
< in X z UJ u I in ± a UJ N U) in • in a u fr- UJ Q

UJ cr < H UJ D »-4 <n u UJ in Q »- > M4 in »-4 0 CL z < Q H-t z in
1 > 0 a cr UJ Z uj —4 1 < UJ -H z UJ UJ uj fr- fr- « <3 < UJ
»- • UJ 3 0 Z < Q 3 1

- I fr- u z ^ a fr- <3 cr UJ 0 fr-
» UJ CVJ a

e> 0 »- 0 O Z Z »- 3 < u O a 3 3 3 in cr in z N 10 in <
0 z UJ cr M-» in D Z UJ 1 UJ UJ Ul U O -J a fr- UJ UJ UJ UJ

z »-4 z z a in z O O in Z H a IL z U. UJ in O O z u fr- a < CL Q a z
o: UJ UJ Ul a V in UJ O < O *-4 u cr _J Z 0 UJ 3 < z UJ < Ul

- uj UJ cr z Q -J z < fr— CD '
-j UJ < u U. a >- in in fr- fr— m

< UJ CD UJ 0 CD 0 in u in cr 1 UJ I d z 0 < in u
0 z fr- «-H UJ O u 3 > in u UJ z Q CD u O in z UJ 0 Q UJ » * UJ >- UJ_ in D in > cr 0 UJ in UJ *-» in 0 z < 1-4 u UJ 0 0 fr- in CL
»- 0 < a UJ a UJ z CL CD 1

— 3 < 0 0 CL CL Q cr in 1 fr-

in z 1 z a fr- CL 0 < UJ »-4 UJ z J cr UJ X 0 0 o: 0 u UJ UJ

UJ UJ 0 u IL < cr H u a z UJ < UJ 3 a fr- a UJ UJ Ul 0 u in 1
> z u _i < 0 1 z u 0 I _J 0 CL 3 0 in I 0 u UJ • X in fr- »

z Q 0 < cr UJ u U UJ in < fr- IL CD I < a 3 3 fr- a UJ CL > 3 < a
z *-• < a UJ > in z »-* cr UJ z O < in z 1

- 0 cr <- u CL vO

15 < fr- a 3 fr- fr- UJ >- fr- UJ 0 • IL fr- z 0 UJ < UJ 3 z Q z 0
O z < CL fr- Z UJ I in UJ IL UJ z O a X 0 u z M z UJ CL 0 UJ u u
-J 0 z cr < u •— i-4 fr- z UJ fr- U UJ UJ 3 u Ml 1 O 1-4 a i-> • fr-

*-4

O 15 3 3 o: < 15 cr 1-4 z > Z in in MH fr- z z Ul z UJ > < cn fr- in
Z z *-• 15 UJ cr U < < UJ »-• O 3 I < < 0 z a 1 X 3 — V UJ UJ

I UJ in »-* X »- O > •• u Z < cr 13 *-* < * J z —

1

UJ »- fr- o: Q in z cr

u UJ UJ U fr- in X 0 • UJ fr- UJ 3 fr- UJ fr— t-4 UJ UJ 3 3
UJ CD 0 z UJ < cr O 15 u. UJ < I UJ in Z UJ < 3 UJ 3 z z 3 < 0
fr- 0 IL < 0 UJ o: Z UJ UJ CL _l fr- a u »-« 1 J < 0 Z UJ z z UJ

in 0 0 O z 3 z < u cr < 3 »-4 fr- fr- 3 CL Q 1-4 UJ M u
Q < UJ UJ < • fr— «-4 o z z Z u > fr- in Z O Q UJ fr- u. 3 fr- 0 0
z X 0 _J UJ N z fr- UJ -1 z *-4 Ul UJ in »-4 0 O in u H-) fr- fr- Z u 0 < z z CL

< < 0 CL z z fr- < < CL X k fr- a HH fr- 0 fr- in UJ CL 3 < a
0 < fr- 0 -J O UJ 3 fr- fr- Ul fr- CL in - a cr z in in < fr- in O O

in 0 1 z z *-4 u z cr O in z U O z UJ UJ z V »- fr- 0 z fr- U in _j

UJ CL UJ fr- cr UJ UJ *-4 UJ cr Q. fr- 0 0 fr- a 0 0 1-4 UJ CD o: cr in UJ <
u O: UJ z < 3 UJ 15 fr- Z >- < CL 0 in z *-4 »- u < UJ fr- z O a 0 O a z
z UJ fr-

*-• a z 3 < cr z u. z UJ fr- < a fr- fr- UJ 3 u u z < 0

cr z < z m-

3 o
Z lL

QL CO

3 3

a
a 2: j)

cl o uj

< u o
3

_J < -I

< mm mm mm

UJ

a o z
z 3 uj

< fr- fr-

mm CO

3 3 >
Z Q_ (/)

- 2
a < k
o z
-J a UJ

uj uj z
UJ

z
-J UJ
3 2
Q. UJ
- -J

< £
2 M

Q UJ

Q 2 X
Z < h-

- < fr- mm

J- fr-

3 <
UJ I-

fr- Z
UJ UJ

Q Z

I MM 3 M UJ cr MM a M a UJ 3 cr X a in O X 3 u U- Z 3 z UJ Ul 3 fr- O
cr in a 0 < Z Ul X UJ fr“ in 0 a 3 Ul cr in < I UJ z 0 UJ in 0 u fr- O in »

0 F-4 < 3 UJ O UJ MM CL cr < in z in fr- 0 z CD fr- CD MM 3 o: UJ MM u tn a z fr- cr

u in o: fr- cr cr I I < cr cr < fr- i < Z in MM uj CL fr- UJ UJ 0 MM < UJ
< 3 in 3 fr- fr- CL in (D * 0 3 UJ Ul fr- CL in u u z UJ fr- u. < fr- cr cr h-

Ul 1 CD 3 < 3 MM MM MM u w z in UJ fr- »- 0 3 < a: UJ u. in 3 UJ 0 3 0 3
fr- a UJ z UJ z I 3 m in z - MM < 3 3 z MM

fr- 3 1 fr- MM MM a
3 z > UJ -J J 0 z UJ fr- < 0 in UJ < z z in fr- 3 Q in < fr- 3 3 fr- 3 z
fr- UJ —

1

UJ < UJ MM > 3 1 0 UJ Q 3 3 UJ 0 O < < UJ fr- 0 < 0 < 0
»- CD z 0 MM z 1 fr- 3 < 3 • MM MM UJ UJ Z I fr- in a z z 3 3

fr- > u O UJ UJ in fr- • • M fr- »- fr- fr- 1 Z CD O fr- fr- > U. fr- z • 0 3 3
in CL < Ul MM X 3 cr 3 fr“ in X UJ UJ MM fr- MM in < UJ < < MM u MM UJ MM in cr MM < 0 <
z < cr > - fr- < UJ < z CD UJ M z in 3 MM z u Z fr- O cr in UJ 0 X a 0 in Z I

z UJ < < j fr- CL UJ z 1- CVJ in a X cr UJ UJ in MM 3 o: fr- cr 3 fr- z
fr- X z fr- a 3 UJ z Z N < < z Ul cr UJ 3 UJ o: < in O UJ UJ 3 < M 0

a z < a fr- a 0 < 3 < in fr- Q fr- < 1 fr- 3 »- UJ fr- MM < 0
CL MM UJ UJ z z z 0 z z 3 in K CVJ fr- > »- CD »- 3 z • 3 U. in in a • in

3 I in UJ 0 MM _j < 3 UJ UJ 3 z o: CVJ 1
- \ c u UJ cr < S. cr UJ < in X

UJ u fr- o: UJ 3 UJ • “> in a < UJ uj X 0 Z z O IL 0 MM z 3 UJ 0 fr- z 0
1 a > uj CD fr- > z < in < z z y- » CL 3 O • 3 in U u Q 0 MM > MM 0 ->

fr- CL fr- in UJ CL UJ 0 M 3 »- 3 MM 3 a c MM MM z UJ cr UJ 3 fr- M cr cr M
»- Ul < 3 in fr- O 0 3 3 O 3 MM cr a O' 5 a fr- 3 * 0 UJ Z UJ z 3 0 fr- 3
CL in < 0 a UJ 3 in in 3 in UJ z ro H < MM Ul z UJ a 0 z 3 cn fr- < z

• O 0 cr I z a u < vO H MM a 0 UJ 0 3 in z < I UJ fr- 3 UJ 3 3 MM

in CL cr UJ UJ 3 0 z CL Q fr~ z X 3 » z z MM UJ MM fr- z 3 < < a a MM 3
UJ a UJ fr- u in CL in UJ • UJ MM Ul CVJ < IL 0 fr- UJ UJ < Q z z 0 3
3 3 fr- < MM UJ UJ > UJ z cr < n 3 MM

1 o: * Ul o: UJ Ul 0 MM Q
0 in 3 3 z in O 0 1

- 3 • MM fr- 3 UJ 3 N < » fr- Ul 3 < • CD 0 fr- >- • H 3 3 0
MM a O 0 < z fr- < fr— CD O O < fr- < * l z Q z 3 < 3 CD 1

- <n 0 0 O 0 I
z z z -I 1 < fr- UJ z z z MM 0 z MM Ul Ul < UJ 0 UJ in UJ Z 3 a 3
I MM 0 fr- a Ct in aj X • MM

fr- Ul fr- z fr- 0 u cr cr > > 3 UJ > MM in in

u 3 in < z -J UJ UJ MM 3 0 MM MM a: z MM CL < Ul < 3 3 CL UJ 3 fr-

UJ in MM ir UJ < Q 3 UJ z cr z z CL * UJ UJ UJ X 1 z X MM 3 3 z < 0 3 *

fr- X UJ 3 3 o: z in Q Ul 3 < < MM U. CVJ »- z 3 fr- 3 Q »- in in 0 3 z < •

cr fr- UJ 3 O 3 MM in MM 0 3 r- UJ < z 3 Ul MM in UJ < MM MM 3 cr <
0 0 0 cr MM • _J > in < z z 0 UJ UJ a 3 fr- MM in 1 in fr- z UJ cr in z < 0
Ul 3 z UJ u Ul z 3 CL 1 X < z I MM 3 UJ CL Z »- z 3 CL UJ I Z Q •

0 »- UJ I z fr- > O O » a 3 i- < fr- in 3 fr- Z UJ cr cr
• UJ < < 3 0 3

UJ CL fr- Q —

•

CD > U a: Ul in 3 3 z UJ 0 IL CL z z 0 • a 0 I u
< z
I

cr a
UJ UJ

fr- fr-

3 3
a a
z s
o o
3 v

O UJ

O UJ

uj cr

fr- UJ
cr q
o -
a in

a z
D O i/l U)

Q
UJ

CL

O
Z 3

UJ ~
J UJ

u > 3 in 3 •-« o — a.

O a fr-

Z u: _J

0 3 3
3 O </)

uj a uj
in a cr

» cr

O UJ

uj a
z x
3 UJ

co cr

UJ o
a u

D 3
UJ UJ
>- -<

o >
_j a
a uj Q.

in

m m

cr z
uj o
a
X Ci

uj uj
cr

uj t-

z z
UJ •—

* •

o ~ 5 z
3 Z O
O D U

25

THE

PROBLEM

OF

SCHEDULING

WORK

ON

A

COMPUTER

SYSTEM

IS

COMPLICATED

BY

THE

FACT

THAT

VARIOUS

JOBS

USE

DIFFERENT

PARTS

OF

THE

SYSTEM

FOR

VARYING

AMOUNTS

OF

TIME

AND,

BECAUSE

OF

THE

ADVANCES

IN

SIMULTANEOUS

PROCESSING

TECHNIQUES,

THIS

SOMETIMES

CREATES

A

SITUATION

WHERE

THE

TOTAL

TIME

FOR

COMPLETION

OF

A

SET

OF

TWO

OR

MORE

JOBS

IS

LESS

THAN

THE

SUM

OF

THE

TIMES

FOR

THE

INDIVIDUAL

TASKS.

THE

PROBLEM

IS

FURTHER

COMPLICATED

BY

THE

FACT

THAT

THE

AMOUNTS

OF

TIME

REQUIRED

BY

A

GIVEN



JOB

ON

VARIOUS

PARTS

OF

THE

SYSTEM

ARE

NOT

PREDICTABLE

EXACTLY.

BUT

ONLY

PROBABILISTICALLY,

AND

THE

POINT

AT

WHICH

THEY

OCCUR

IN

THE

PROCESSING

TASK

IS

ALSO

KNOWN

ONLY

PROBABILISTICALLY.

A

SIMPLIFIED

APPROACH

HAS

BEEN

TAKEN

IN

THIS

PAPER.

IMPROVE

RATHER

THAN

OPTIMIZE

THE

OPERATION

OF

THE

SYSTEM.
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THE

NBS

FORTRAN

TEST

PROGRAMS,

WRITTEN

IN

STANDARD

FORTRAN.

ARE

DESIGNED

TO

TEST

WHETHER

A

FORTRAN

COMPILER

ACCEPTS

THE

FORMS

AND

INTERPRETATIONS

OF

THE

FORTRAN

LANGUAGE

AS

DESCRIBED

IN

THE

AMERICAN

NATIONAL

STANDARD

FORTRAN

DOCUMENT

X3,S-1966.

THE

TEST

PROGRAMS

ARE

RECORDED

ON

MAGNETIC

TAPE

IN

APPROXIMATELY

14,500

PUNCH

CARD

IMAGES.

AND

COMPRISE

116

UNITS.

THE

TEST

UNITS

MAY

BE

USED

AS

SEPARATE

EXECUTABLE

FORTRAN

PROGRAMS,

OR

MAY

BE

LINKED

END

TO

END

WITH

OTHER

TEST

UNITS,

WITH

A

MINIMUM

OF

USER

EFFORT,

TO

IMPROVE

OPERATING

EFFICIENCY.

AN

ADDITIONAL

COPY

OF

THESE

116

TEST

UNITS
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MAJOR

NEEDS

ARE

DESCRIBED.

THESE

INCLUDE

THE

NEED

FOR

COHESIVE

FEDERAL,

STATE

AND

LOCAL

LEGISLATION,

TECHNOLOGICAL

GUIDELINES

AND

STANDARDS

FOR

ASSURING

UNIFORM

COMPLIANCE

WITH

LEGISLATIVE

REQUIREMENTS;

MANAGEMENT

GUIDELINES

FOR

IDENTIFYING

AND

EVALUATING

THREATS

TO

SECURITY;

AND

IMPROVED

TECHNOLOGICAL

MECHANISMS

FOR

CONTROLLING

ACCESS

TO

COMPUTER

SYSTEMS

AND

NETWORKS.

COST

IMPLICATIONS

OF

PROVIDING

SECURITY

MEASURES

ARE

DISCUSSED.



INSTITUTE

FOR

COMPUTER

SCIENCES

AND
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This

REPORT

CONSTITUTES

A

REFERENCE

to

TECHNICAL

FEATURES

ANO

OPERATIONAL

STATUS

OF

INTERACTIVE

INFORMATION

SYSTEMS,

I.E.

THOSE

PROVIDING

A

'CONVERSATIONAL*

USAGE

MODE

TO

A

'NON-PROGRAMMER*

THROUGH

A

DATA

TERMINAL

DEVICE.

IT

IS

AIMED

AT

THE

ADP

SERVICE

MANAGER,

FOR

HIS

USE

IN

THE

STATE-OF-THE-ART

ASSESSMENTS

PREPARATORY

TO

A

DETAILED

SYSTEM

SELECTION

PROCESS

IT

CONTAINS

AN

INDEX

THAT

DESCRIBES

46

SYSTEMS

IN

TERMS

OF

A

LIST

OF

OVER

50

TECHNICAL

FEATURES

PLUS

DESCRIPTIVE,

IDENTIFICATION,

AND

BACKGROUND

INFORMATION.

IN

ADDITION,

THERE

ARE

AIDS

AND

EXAMPLES

CONTRIBUTING

TO

THE

INTENDED

USE

OF



THIS

ANNOTATED

BIBLIOGRAPHY

OF

OVER

100

REFERENCES

ON

TECHNOLOGICAL

FORECASTING

IS

THE

FIRST

REPORT

PREPARED

BY

THE

NATIONAL

BUREAU

OF

STANDARDS.

DEPARTMENT

OF

COMMERCE.

FOR

THE

SOCIAL

SECURITY

ADMINISTRATION,

DEPARTMENT

OF

HEALTH.

EDUCATION

AND

WELFARE.

UNDER

AN

INTERAGENCY

TECHN

ICAL

SER

V

ICE

S

AGREEMENT

FOR

ADP

BIBLIOGRAPHIC

SEARCH

AND

EVALUATION.

THESE

REFERENCES

WERE

SELECTED

IN

A

SURVEY

OF

THE

TECHNICAL

LITERATURE,

MAINLY

FROM

T-HE

YEARS

1968-1973,

FOR

INFORMATION

ON

TECHNOLOGICAL

FORECASTING

AS

APPLIED

TO

INFORMATION

PROCESSING

AND

AUTOMATIC

DATA

PROCESSING.
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ON

CONTROLLED
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1972.
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CALIFORNIA.
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FIVE
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ACCESS

CONTROLS,
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DP

MANAGEMENT
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INTRODUCTORY
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AND

THE
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WERE
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AN

ACM/NBS

WORKSHOP

ON

COMPUTER

PERFORMANCE

EVALUATION

(CPE!

WAS

HELD

IN

SAN

DIEGO,

CALIFORNIA

IN

MARCH,

1973.

THE

PAPERS,

WORKSHOP

DISCUSSIONS.

CONCLUSIONS

AND
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THIS

VOLUME

ADDRESS
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PROBLEMS

IN

MAKINC-

COMPUTER
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PRODUCTIVE
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ARE

NEFDED
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TOOLS,
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APPLICATION

OF

CPE

COULD

BE

ACHIEVED
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