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1. Abstract

ACCESS is a program for the catalog and access of information. The

program is primarily designed for and intended to handle a personal library,

although larger applications are possible. ACCESS produces a listing of

all entries by locator code (so one knows where to find the entry in his

library), a listing of entry titles by user-specified category codes, and

a keyword-in-context  KWIC listing (each keyword specified by the user).

ACCESS is presently  programmed in FORTRAN and operates on any IBM System/%C

under OS (it uses the IBM SORT/MERGE package). It is anticipated  a machine

language version (soon to be implemented)  will greatly decrease the running

time of the program.



2. Introduction

Numerous processes have been developed for cataloging and accessing

information. The card catalog in any library is a typical example. When

these become large and unwieldy, elaborate automated systems have been

devised. For one's private library in his office, such autorrated systems

are uneconomical  and impractical. As a result, one is usually left to

keep his own card catalog, e.g. on 3x 5 cards in a file.

When one desires to access the information in a library (personal

or public) concerning a particular  subject, he has two problems:

(1) finding all entries in the library pertaining  to that subject and

(2) actually locating the entries of interest. The latter process is

the easier to solve. One simply creates a sequential ordering scheme for

the file: the next entry to be inserted takes the next sequential assignment

code, e.g. the set of integers or some modified code like Uxxxx , where--.
(1 u ?f might stand for "unpublished  reports" and " xxxx " for "the

sequential entry in that file". The choice is arbitrary and can be

varied according to the needs of the library.

The other problem -- that of locating all entries in a library

pertinent to a particular subject -- quickly becomes quite complex to

handle as the number of library entries increases. To create a subject-

oriented index means one has to campose a "card" about the entry for

each subject it is concerned  with.

It becomes evident that there is a need to provide a simple, relatively

economical system to provide cataloging  and indexing for one% private

library. The ACCESS program is an attempt to satisfy that need.

ACCESS takes almost free-form input card images and generates three

kinds of reports:

1. ACCESSION LISTING: a listing of each entry in the library by

locator (accession) code. This listing provides the master

reference showing all input card images for each entry.

2. CATEGORY LISTING: for each category, a listing of each title

card belonging to that category.
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3a KEYWORD LISTING: a keyword-in-context  (KWIC) listing of all

keywords giving forward and backward text as additional

context.

IQ-pies of typical ACCESS output appear at the end of this report.



3. Input Specification

The ACCESS program may be run in one of two modes

category mode and no-category mode. The category mode

i'ull output capability of the pr0t;ra.m and requires the

of operation:

gives the

us C?T -1; 0 qx?C iqy

ll.is c;Utotror? cs., ) ‘L’t.te  n o - c a t e g o r y  trtode  d o e s  not list title cards by

catcgorics and the codes are not input (see examples in Figures 1 and 2).

The inputs to ACCESS can be given in the following BNF-like

notation:
. .

*LIB (options}

KATEGORY NAMES

(category code) (category images)

*ENDCATEGORYNAMES >

*ACCESSION ENTRIES

(sets of accession entries)

*END ACCESSION  ENTRIES

where -=.

Not input if

ACCESS run in

no-category mode.

(options) contains the options of the program as follows:

NCCAT means that the run is in the no-category mode

of operation and category names and codes

(above) are not input

NOLIST means the input cards will not be listed on

the output s t r e a m .

(blank) means category mode and list inputs.

(category code) is the desired category code, specified as any

single character available on the 029 key-punch

(one of 64 characters) punched in card column 1.

(category images) are the desired category names, up to 79

characters long and punched in card columns 2

through 80.

(sets of accession entries) are the accession entries, each

one composed of a title card and one or more

continuation  cards as necessary; these are

described in more detail below.
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Keywords

All keywords are specified by the user by placing an 6% (8 - 4 punch)

immediately before each desired keyword. During listings, all f% arc

rcplaccd by blanks so that cx%:rz~ blanks t)et;wccn w0rcl.c ax not rcqui~~tl.

by the user. Every occurrcncc of -an fir), will cause a printed lint to be

generated in the keyword listing.

Accession Entries

Each accession entry is a description for an actual entry in the

user's library, and each entry is composed of one or more 80 character

fields. An accession entry is composed of a title card and, if necessary,

continuation  cards. These are defined as follows:

A. Title Card (First Card of Accession Entry)--

1.;' The Locator Code -- This is the user supplied code which

serves as a locator for the entry in the library. It

may be up to eight (8) non-blank  characters beginning

in c.c. 1 (the first blank ends the code). One

usually would place a locator character here followed

by a sequence number. Some examples might be

u2001 (unpublished report 2001)

L70.029 (1970 letters file, letter no. 29)

20575 (just plain sequence 20,575)

LOO/555 (sub-report 555 of entry 100)

The user may employ this field for any code he feels

will help him locate the actual library entry.

2. The Title -- This is the title of the accession entry and--
may begin anywhere after the first blank following the

locator code. The title may be, itself, more than one

card long. If categories are included, the first

keyword should be preceded by a $ (11-3-8 punch)

instead of an 02' ; this causes the ACCESS program to

sort the category listing title cards by $ entries.



It is also treated as an @ and placed in the keyword

listing. (This first keyword is generally the author's

name or the originating agency for the report;

experience has shown it is preferable  to treat author's

names as keywords instead of making a separate author. .
list.)

3. The Category Code(s) -- If categories are included, then

the user may specify up to three one-character

categories for this entry in C.C. 78-80. These

one-character codes refer to the code given in the

category name cards described above. If categories

are not input, then the user may extend his title

into columns 78-80.

B. --'Continuation  Cards

1. The Continuation  Code -- Each continuation card of the

accession entry must begin with a + (12-6-8 punch)

in c.c. 1.

2. The Continuation  Entry -- The description for the library

entry may be continued for up to 255 cards. Card

columns 2-80 may be used, and the entry is free form.

All @ cause keyword entry listings. These entries

should be arranged so that the multiple card images

will appear in a pleasing format when printed in the

accession listing.

Sample ACCESS Inputs

With the inputs defined, some examples can be given. In Figure 1 at

the end of the report an example of the category mode inputs are shown.

The category codes appear in the title card for each entry. Note the

different methods of locator code assignment.

In Figure 2, a sample of the ACCESS inputs are given where no categories

are specified. All 80 columns of the title card may be utilized and a $
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is not necessary. The ACCESS entries correspond  to the first few

entries of the Computer Science Department Library's unpublished report

series.

Sample ACCESS Output . .

When the inputs to ACCESS are merged with the necessary 360 JCL

(see Appendix I), the program may be executed. A sample

execution is given in Figure 3 for the full capability of the program,

i.e. category mode of operation. Shown in Figure 3 are the accession

listing, category listing of title cards, and the keyword listing. This

output was generated using the input shown in Figure 1.

A sample run of the non-category mode is given in Figure 4. Here,

the category listing is eliminated while the accession and keyword listings

are similar to Figure 3. The output here was generated using the input

shown in Figure 2.
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4. Internal Processing and Organization

In this section we define the data structures employed by the ACCESS

program and outline the overall operation of the program.

A. Data Structures

line

This

The basic idea behind processing each ACCESS entry is that all print
.,g..~

images for that entry are generated befoge the next entry is encountered.

is accomplished by the use of the following 200 character data structure,

. .

or record:

1 68 69 200

This structure employs the first 68 characters as a sort key and the

remaining 132 characters as the printed line. In the following discussion,

it is assumed that the full capability  mode is being processed; if it is

not, the program simply bypasses the category portion. Only the composition

of the sort key is discussed, since the print line structure is easily seen

in the output examples (Figures 3 and 4).

1. Accession Listing Sort Key

Of the 68 available characters (8-bit bytes) for the sort key,

only the first 10 are utilized. The key takes the following format:

-

.

1 2 3 4 5 6 7 8 9 10 11-68 not used

A . . .

I

1
L-Locator Code LI

(Up to 8 characters)

Key
Prefix

(hard wired)

Card number this accession entry
(Up to 255 cards/accession  entry)

The accession listing is an output of all the ACCESS entries, sorted by

locator code. The first character (key prefix) is hard-wired  as an " A ".
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The category entry  sort keys all begin with a " B ", and all keyword

sort keys begin with a " C ". As a result, all accession records (key

prefix equal to " A ") are sorted to the beginning, as desired.

Each accession entry is characterized  by its unique locator code.

Therefore, the locator code is placed in the sort key immediately after

the key prefix (as shown above). ..Since there may be more than one card

image for each entry, the eighth character in the sort key contains the

binary equivalent of the card number. The remainder of the characters are

not used in the accession listing sort key.

2. Category Listing Sort Key

For the category listing, there are actually two output segments

for each category section: the category name segment and the ACCESS entry

title card images segment. Each category name is to be set off (with
--.

blank lines) and appear at the beginning of each category section.

Therefore, the sort key for the category names is different from the sort

key for the title card images for that section.

The category name segment

of the form:

(blank)

*VATEGORY -- X

(blank)

where X is

sort key for

1

the category code and YYY... Y is the category name. The

these three lines are defined as follows:

2 3 4 5-49 not used

Key Pr

User

of each section is composed of three lines

YYYYYY***Y

efix
Catewry Name Section Line Number

Category Code)
\
\Forced "Sort-To-Top" Character

9



Here, the key prefix is a B to indicate the category listing.

The "X" is the user category code taken from C.C. 1 of the category

names cards. The + (X2-6-8 punch) is a character chosen to force the

category name segment to the beginning of each category section. If this

were not done, then it would be possible for some of the ACCESS entry title

cards to sort before the category name. The A, B, C inserted in the

fourth character simply serve to uniquely identify the order of the category

name segment lines. . .

The ACCESS title card image segment contains the first

each ACCESS entry that has a category code in columns 78-80

card. Thus, there can be up to three category title images

card image in

of the first

generated

for each ACCESS entry. The sort key for each category title image is

defined as follows:

1 2 3 4 68

Key Prefix

B "x't Y Y . .

/User Category Code
Following

. Y I

Sequence Immediately
the $

As above, the key prefix is a B to indicate a category listing

line (or record), and the "X" is the user's category code taken from

C.C. 78-80 of the title card in the ACCESS entry. The character

sequence YYY... Y is taken from the title card immediately following

the $ . If no $ is present, the character sequence immediately

following  the locator code is used. The purpose of the YYY...Y

sequence is to provide a sort sequence for the title card (usually an

author's name, etc.).

3* Keyword Listing Sort K e y

The sort key for the keyword listing is quite straightforward

and is defined as:
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. .

The sort key prefix is a C to indicate the keyword listing. At

each occurrence of an @ (a $ is treated like an @ ), the character

string following the @ is inserted in the sort key until either the sort

key is full or the end of the ACCESS entry is reached. Thus, for each

keyword (immediately preceded by an @ ), a keyword listing record is

generated.

B. Overall Program Flow

The actual execution of the ACCESS program procedes in three OS job

steps. In the first job step, the input cards are read and a temporary

file containing  200 character records (68 character sort key plus 132

character print line) is generated. The second job step (SORT/MERGE)

takes the temporary file, sorts it according to the sort keys, and generates

another temporary  file of sorted 200 character records. The third job

step lists the sorted file on the printer.

The processing  flow for the first job step (the other two are rather

straightforward) begins by reading in the ACCESS *LIB card. The program

then decides if there are category names to be read and processed. If

there are, they are read. For each category name card, three lines (200e
character records) are output. Their sort keys correspond to the category

name segment sort key as described  above.

After this, the ACCESS entries are processed. The title card for the
.

ACCESS is read, the locator code is stored for later use, and the output

record for the accession listing is generated. Next, the category listing

entry is composed (unless NOCAT was specified on the *LIB card). Finally,

the title card image is placed into the first portion of a 2400 character

keyword buffer. A buffer is necessary so that all ke$word context may be

output for a given keyword; the keyword output records are not generated

until either the last card has been sensed or the keyword buffer is full

(in which case all kemord records are generated and the buffer is cleared).



Au. continuation cards are read for the current ACCESS entry and its

accession listing output record is made. The continuation card image text

is appended to the current end of the keyword buffer. When a new ACCESS

entry is read (card image not beginning  with a + ), the keyword records

are composed and output, and the process begins over again.

To demonstrate this process, %e can take a sample input deck and

show what the keyword portion of the 200 character records look like both

before and after the sort. Consider the ACCESS inputs shown in Figure 5.

When these have been read in and processed  by the first job step, the

output records look like those shown in Figure 6. These records are

then sorted, and the results are given in Figure 7. One can trace

through the above described logic and defined data structures to confirm

what is shown.
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58 Conclusions

The ACCESS program has been described and sample input and output

has been presented. The program is presently coded in FORTRAN IV for

the IBM System 3&/67 at Stanford. It is anticipated  that another version

of the program (in machine language) will be developed to decrease its

running time.

The ACCESS program provides a free form input which allows one to

catalog and subsequently retrieve all information in his private library.

ACCESS is an outgrowth of a very similar, but less versatile, program

which had been developed by Prof. D. E. Knuth of Stanford for his personal

library.
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Appendix I: Operating Instructions, Stanford IBM 360/67

In order to execute the ACCESS program on an IBM 360 under OS,

necessary JCL must be specified. A procedure library entry has been

made for the coanplete JCL. As a result, one only needs to generate the

following JCL to execute the ACCESS program:

//jobname  JOB XXXXX

//stepname  E3#C ACCESS

//GO.SYSIN DD *

(ACCESS INl3JT CARDS)

I*

The JCL as shown above is satisfactory for runs with up to 5,000

ACCESS cards. If more than 5K input cards are anticipated,  the user

should change. his JCL to provide more space for intermediate storage on

the disc. See the consultants in the Computation  Center for directions

concerning how to do this.

Concerning  timing estimates, the following sample running times have

been recorded on the 36~/67:

No. ACCESS No. of Records Running
Input Cards Generated Time (min.)

52 430 0.76
78 480 0.85
-2K 9.2 K 7.64

-2.5 K 12.5 K 8.50
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Appendix II: How to Obtain ACCESS

Stanford Users

For those at Stanford, the ACCESS program has been coqiled and placed

into a private library and the JCIX has been placed in a procedure library

(discussed above). The source decks may be obtained fram the file

&TOOO.ACCESSl (source for the first job step) and &TOOOXCESS2 (source

for the third job step). These reside on SYSOL.

Caution: If you use the source decks, be sure to supply your private

library names.

Non-Stanford  Users

For those not at Stanford, the program is available

charge. Those who desire to obtain a copy of the source

User Services
Campus Facility
Stanford Computation  Center
Stanford University
Stanford, California 94305

for a nominal

deck may write:

15



1 .
“ .
7.
4 .

+Lfe hCt IST
*CATEGCPY \A’JFS
A A P T I F I c I h l I h T F 1 L 1 G E h C F
t Crb‘C’fL?RS
E F I‘ tJ C h T I c: N
b I-’  A I: r ‘4 A R f . . . t’cR!PHERALS
J I) F IJ I 1; 1; I h c T E S T I N G
1. c r c 1.  I-,  r f- .: I ~*Y’I;*u  A G E S
h N IJ Y I’ U T r A L 4NALYSIF
*cull  cal~~;cllcY  hhVFS
*ACCESS IC’h  FIIT”?  ICS
MCCf.1 $‘LAI;LF,  J.R.  AhI)  d?UPSKY,  P .  ,,EXPER.  WITI-  A MULTI-T’IIKPOSE h
+ iTPFCQF,u  “R’7VIhGGt’FUk’ISTIC  PQr)GRAML’,  J(7UR. ACC,  V C L  15, N O .  1,
+ P A G E S  E5-ES,  lS6n. CISCLSSES  @‘,LkTIPLE, A DYhAM  ICZnADFR  ING,  aRR  EAOTH-F I R S T
+ SE4RCkING  ALCCQITPV  kti1r.H CSESJALPHA-RETA.
lvOOO2 f’dHITE,  C.k., “PT!4E-SH4HING  S E R V I C E S ” ,  MOOERN  OATb,  FEB.  1970,
4 tJG.CC. GIVES  A TFCHhrLCGY  S U R V E Y  O F  T - S  S E R V I C E S .
P,n~?O 3 F(‘Q’JE+1t?EQCE?,  PRCE. CRFI), “PRflGRAMi2TEST  INC. bNnaVAL lOAT  ING”, J
+ DlfAt’A~lCh,  JULY  19t H. GIVES  A  G C C D  S U R V E Y  CF Tt-E  G O A L S  OF PROCRAM  T E S T I N G .
cm04 2SL4I;LE,  J.P. ANJr)ii’)tXOM,  J.K.,  “EXPERIVENTS  hITH  TtlE3M  C h3TREF- A
+ nlSEARCl-1%  FFCGQ4p”.  C4CIJ,  VGL.  13, N O .  3, ,‘ARCh  1 9 7 0 ,  P G .  147-154.
+ CIsCLSFrS  A VARIb’JTZCINI-VAX  PFTHUC  kH?CH  4WARCS  @CNCSFS  F C R  PULTIPLE
l SLCCESStlH  IvAX.‘S  ANf?  GIVCS A PENALITY  FOR l”LLT.  SUCCESSCQ  !‘Ih.‘S. 1HUS
+ CNE  TAKfS  Twf  FK”k:Cb  k?Tt’  T H E  UUST LIKELIHCOD  ‘-lF  S U C C E S S  1N DEEPER
+ PFNflQPTIC;p!Sr Ttr~lHa~LQti%-RETA  P R C C E C U R E  A L S C  HAC T O  t?E  YOIFIEC.
w o o 5 ZF:FrlIctEL, 9.~.,ZWrIZFNRAlJ’J,  J., ANOZYflCHFLSCN,  J-C.,  ‘,A PFOGRAY FL
+ T O  TEACII;;)PR~GRA~FIhr,“,  CACf’,  V C L .  13, N O .  3 ,  )rAKCb  1 9 7 0 ,  P C .  141-146.
t G A V E  4 S!JRLFY  AACLT  It-EdTEACH  S Y S T E M ,  U S E D  T C  A  CCURSE  I’v  PROGR~YMING.
+ TkF CTLDE’!‘TS  LFrQUc:C  TkFttJNCL  L A N G U A G E .
y 0 0 c r, $;CHkAPCL,  Q.‘e.,ZflUQGFR,  J.F.,  ANDZSTMVCNS, Q.F.,  “AdDEtLCTIV’ A l
+ dQUESTIC~4-ANSWF~tFR  FilQ;dNA~UQAL  LAhCUAGF7INFERENCf!“,  CACM,  VCL.13,  N O .  1,
+ F(AHCI-  1”70,  PC.. 167-193. 01 S C U S S E S  THEIRdPRCTCSYNlHEX  I I I.
MO 107 StwYAh:, CILFF’N  L., “GSTUOENT-TO-STUOENTaINTERATIcN  IN CCrFLTFkdTIMf-  E
4 S H A Q F C  ZYSTCC”,  Ct4,  M4QCH,  1 9 7 0 ,  P .  18.
rmoce f?lWTCN,  KEYT, “ T H E  baLLE  CF THE CCPPUTFR  A S  Aaf’UQlL”,  A R T I C L E t
+ ChdEC~C.%llC~~  Ih  “AR’Tt--,  lS70,  C & A ,  P . 2 4
Fro109 -. Cf’HGLSCh,  H.L., “Ct-F(!‘l,lER  ASSISTANCE  FCR INIIIVIC!ZfCdIhSTF~~C,f  ttlrv,  E
+ 4RfICLF  C\aEClJCATIfr!  Ih Y;RCP’r 1970, CT.A,  P . 2 7 .
MC010 JSCHkFTr’Ah,  H.‘-.  , “L S E  CF AZlREtiCTEaCCNSCLE  SYSTEC  SN 4b;UNIVERS  ITv EH
+ CAILPLC,“, @RTICLF.  Ch2ECtJCArICN  tN HARCb, 1 9 7 0 ,  C&A, P-30.
ROOCl %l-‘FNDRPL: JSUCk’ANl\h,  D. ,dSLTHERLANO,  G .  ,aFF  lGENf3AUMt  E.A., A
+ “,3FCLR  IST IC IIEhCQ4L: 4 PPCCRA?’  FCR G E N E R A T I N G  EXPLINATORY
+ FVPC’Tt-FSTS  Ih CQCA\IC  r,t’C,‘fSTQY”,  IVACHINE  IYTELLIIENCE  4 ,

ECINt’!URGl-  lJv!VFYSITY  P”ESS,  146$.
RlO!,OZ SCYEENFLAT?,  R. C . ,  E T .  A L , “ T H E  GREEh@LATTaCkFSs  P R O G R A M ” , 4
+ PRCIC.  F J C C ,  1967, PG. OCl Tt-l elfI.
Rr)OO3 SPICHIf,  c., FLE”IYS,  JIG.,  OLCFIELC,  J . V . ,  “ A  COMPAR!SCN  CF A
+ Zt-FURISTICS,~iINTfRACT!VE, Ahl?  l,N,1IOEO  f’ETHCOS  FCq  SCLVING  AdSt’CRTECT
+ RCUTE FFceLrM,,, “fiCttlh=  !\TcLLIGFNCE  3 ,  FnIYDL;RGH  U N I V .  PRrSS,lSeY.
ROOC4 SPi-hFLL,  A . “at--FIJQI  STICaSEARCt-: ILL-STQLCTEREC  PRCRLFf’S”,  cGOr,QFSS  4
l I N  r?FFP?TICFIS  R E S E A R C H  IVUL.  31,  W I L E Y ,  l‘J6F. t)I SCiJSSES  HE\191  S T  I C  METHnDS
t IN PFt-PLEM  SCLblhr:  VcQY  hICELY  - GCCD SIJCMARY.
QMOF; (NILSSUh,  N . J . , “~SE4RCHIYG@PROBL~M  SCliVING APPaGAME  P L A Y  IKG3TQFES A
+ F G R  FTr\I’Al  C C S T  SCLLTICK?“,  PROCEC.  1FIP  6A COrJGRFSS,  FfJINHURGH,  SCflTL4NI~t
t 196P. LJr?TF - ‘tLCb  f‘F T H I S  P A P E R  IS ALSC I h  hILSSCh’S  ROfiK.
4 C ISCLSSFS  NIL’;$Cfi’S  AkllCu PETwtlO  F C R  SEARC~rNC,~;rZNC-ORaTRFES.
uoo53 fS=CA?,  I:fhYIS, ~AiH@~CwARE-SOFTWAPE~F~ULATCR  FfR THE%IIt?Mi-‘hO”, H
l FNGH. ic�S!\, YPI‘yhG  1468, PRl?F.  G.AESTRIN. U S E S  FNc3XCFdSIGMAdT  A S  EHULATt-?Q.
uoo54 fKNUTH,  f.E.  4NI1c)FLrVtI?,  R.k. “hOTES ClN AVOIDINCdG0  T C  STATCMENIS,‘,  L
+ STANCCP  1 C 51, RcPrQT  CS 14H, Jbh.  197C. C C N S I C E R S  Tt’.Ah’SFORWING  A “C,[lfO”
+ fY”c  FQ ‘CQAM  Tf A RECUPS  IVC PHOCFDURE  TVPE IJSINGaALGOL’S  W H I L E ,  FTC.
LCr)55 FLtChTtAC, 7.F. “tt-l:  fbEORY  4hC  CChSTQUCTICN  flFECllMPILEWS”, c
+ CCMf’LTFK  dSSGC’AIr5,  rA-6%6-Qll~, JlJhF  2 , 1966. HASdGRANMAKS,dSYNTAx

ANALYSI?,dLFXICbL  ANALv~IS,aOEFIAfTICNAL  F A C I L I T I E S  (CEXTENPABILITY)  4hO
: dOPTIPIZ&TlCh
UnO56 CFCPSY;l-E,  C.F . (IPITFALLS  INPCCMPUTATICN,  II!?  WHV  AiJF(ATH BCCK  I Sy’T  h
+ f N11uGt’”  , TTQhFtQ[:  CSC RrFCRT  CS 1 4 7 ,  J A N ,  1970. dNUMERICA  ANALYS[S,
l ZRCUNCfFF,dTQUhCATICr..
UCO5R %CtCATtAF,  l.c. “TkF TtECRY  A N 0  CChSTQUCTICN  GFOCOYPILEHS”,  1 9 6 7 C

R E P O R T  FQQ” CCt’QUT’!r’  %SSj.)c!r\TES  CNaSYNTAX AhALYSIS.  N C  N O .  OR IhCFX,
&‘JC 4CCfSSICh  FtTQI:C

F i g u r e  1 . S a m p l e  C a t e g o r y  M o d e  A C C E S S  I n p u t



*A
C

C
F

S
S

I9
N

 
E

N
T

Q
IC

S
‘m

co
o

 1
Q

IF
IJ

S
O

, 
C

.*
A

K
A

L
D

G
 

C
C

IM
P

JJ
T

A
T

IW
 
n

IT
H

 
Q

A
N

O
D

C
3’

U
L

S
E

3S
E

Q
U

E
N

C
E

S
.*

3~
L

l
 

IN
O

tS
 U

.
+

C
.C

M
P

.S
C

t.
X

P
f.

*Q
P

~
.

 
?

5
5
.*

1
9
6
@

.
c~

co
n

 2
S

l\*
E

R
fC

A
’r

 
ZT

A
Y

~A
P

D
S

 
A

S
S

’N
.*

d
D

S
K

Ik
G

 
D

D
C

J!
M

=N
T3

C
O

@
O

L
+

S
P

C
C

IF
lC

4
rI

C
’.
S

*d
A

M
fp

 I
C

A
Y

S
TA

N
O

A
P

D
S

 
C

S
S

’N
.*

 
1
0
6
5
.

( 
O

C
O

C
l

34
33

n
A

r4
M

S
, 

P
.

‘3
L

fS
O

-2
 L

P’
U

G
U

A
c,

E
 Z

f’
E

C
IF

fC
fi

rI
fi

N
S

 .
*d

S
Y

S
T

E
M

 O
E

V
F

L
 D

P
Y

E
N

T
+

C
o

o
P

.*
i~

-~
L

l7
/1

0
3
/1

~
3
.*

1
’)

6
7
.

c 
0

0
0

0
4

3%
P

E
L

K
R

A
Y

S
,

Y
.Y

.*
C

N
 O

IF
F

F
Q

E
’J

C
E

 S
C

H
E

M
E

S
 F

q
Q

3H
Y

J’
E

R
B

O
L

IC
-F

Q
U

A
T

ID
N

S
 M

IT
H

+
D

T
S

C
~

N
T

IY
I~

l.J
~

3I
N

IT
!~

L
-V

A
L

U
F

S
.*

~
~

JP
P

S
~

L
A

 
‘J

. 
C

W
P

.S
C

I.
D

E
P

T
.*

R
P

T
.5

.*
1
9
6
7
.

c 
n

0
3

0
~

34
Y

S
E

L
O

N
E

*
P

.Y
.3

M
C

O
Q

E
I

R
 

.H
.*

A
N

 E
X

TE
N

S
 1

13
’4

 q
F

 T
H

F
aN

E
kT

n
N

-K
4N

fO
R

O
V

I
 C

H
.M

F
T

H
f-

0
 

Fq
R

 
23

L
V

!N
G

d
N

C
Y

L
IN

Jc
A

R
-E

C
l~

A
T

IO
Y

S
.+

aU
?

S
C

rl
N

S
IN

 U
.

 
M

A
T

H
.R

E
S

.
 

C
E

N
T

’P
.*

H
R

C
+

‘E
C

fJ
. 

S
lJ

W
b
R

V
R

P
T

.
52

0
 .
*1

9
3
5
.

C
O

O
c)

C
6

3h
N

”,
E

R
S

T
\h

,
N

.S
,3

Q
C

S
E

N
F

F
L

C
,

 4
.3

s
 I

M
E

Y
S

S
N

,
 h

.F
.*

3
P

A
T

T
F

Q
Y

-R
E

C
O

G
N

IT
IO

N
:

 f
 .

 A
+C

W
P

U
T

F
R

 P
Pf

!T
,R

A
M

 F
O

R
 G
F

Y
E

R
A

T
IN

C
~

S
Y

N
T

J-
I’T

IC
-P

4T
T

=
Q

N
S

.*
?

’t
A

R
Y

L
A

N
D

 U
.

 C
O

H
P

.F
C

I.
+C

 F
N

T
E

R
. 
l

T
Q
-
6
4
-
3
.
*
1
0
6
4
.

o
c
o
o
c
7

34
fP

L
T

E
D

 L
O

G
IC

 C
fl

R
P

.*
S

F
’d

I-
A

K
N

U
B

L
 R

F
P

O
F

T
:

C
T

 R
-A

I 
D

E
0

 C
 E

W
I-

A
U

T
D

H
A

T
F

O
+M

A
TF

E
Y

A
T

 I
C

C
 .*

3S
N

O
E

W
L

*3
A

P
M

L
IE

D
 t

 3
G

IC
 f

D
Q

P
.*

 1
9

6
7

.
W

C
O

C
P

3b
F

 B
IR

T
M

.A
 .

*S
L

IM
E

 T
H

F
O

R
=

‘I
C

A
l 

A
P

P
R

D
A

C
H

FS
 T

O
aN

F
P

V
O

U
S

-S
Y

S
T

E
M

 F
lJ

N
tT

 I
O

N
.

*
l
 

7
N

fI
J

F
D

tY
B

E
Q

N
E

T
IC

S
*3

S
T

. 
IJ

. 
F

.F
.D

E
P

T
.*

 1
9
6
7
.

c
c
c
c
c
s

at
3A

L
Z

F
R

;
 R

.M
.*

S
T

U
D

IE
S

 
C

O
N

C
F

Q
N

IN
G

 M
TN

IM
A

L
 T

IM
E

 S
O

L
U

T
ID

N
S

 T
O

+T
C

C
%

F
 I

F
 I

N
G

-S
Q

U
A

D
S

V
Y

C
U

P
n

N
!t

h
T

T
O

N
 P

R
C

IR
L

F
M

.*
aC

A
R

N
E

G
IE

 I
N

S
T

. 
13

F 
T

E
C

H
N

O
L

O
G

Y
 .
*

+
1
9
6
h

.
c

o
o

o
!o

3B
A

E
C

K
E

R
 ,

 I
’.

 M
.

*a
P

L
A

N
A

R
-R

E
P

R
F

 S
C

Y
T

A
T

IC
N

S
 O

F 
C

O
M

P
LE

X
3G

R
A

P
H

S
 .

*3
M

. 
I 

.T
.

+
L

IN
C

fL
N

 
L

A
L

R
.*

T
.N

.
 

1
9
6
7
-1

*1
9
6
7
.

C
l.O

C
11

PA
Q

t3
?B

 9
W

.A
.3

G
!V

E
’f

lY
,

 Y
.*

C
C

N
T

Q
If

!U
T

IO
Y

S
 T

O
 T

H
E

 TH
FO

Q
Y

 O
F@

A
LG

FS
?A

S
+C

D
N

S
 I

 D
E

R
C

D
A

S
3A

U
fl

~
M

A
T

A
.*

3S
T

.
 U

.
 E
.E

.D
E

P
t.

*
 

1
9

6
7

.
0

0
0

0
 1

2
3B

A
L

U
E

V
. 

A
.N

.*
T

H
R

E
E

 P
A

P
E

R
S

 O
N

3C
Y

4P
L

Y
G

IN
-M

E
T

W
D

S
+A

M
D

iiN
O

N
L

 I
N

F
A

R
-E

Q
U

A
T

S
O

N
S

.
*a

t’
A

R
Y

L
A

N
n

 
11

.
C

O
W

.S
C

I.
 

C
E

N
T

E
R

.*
T

R
-6

7
-Q

l.
*\

9
6
7
.

c 
c)

C
O

l-4
3
A

T
K

IN
S

, 
D

.E
.*

T
H

E
 

TH
E

D
Q

Y
 

c7
F 

IY
P

L
E

M
E

N
T

A
T

!?
Y

 
fJ

F 
S

R
T

3
O

IV
1
S

IO
N

.*
a
IL

L
lN

O
IS

*I
I.

 
C

C
H

P
.S

C
I 

.O
E

P
T

.*
R

Q
T

. 
2
3
0
.*

1
9
6
?

.
co

o
0

 1
.4

34
R

N
O

L
D

. 
1 

.*
D

N
 T

H
E

 
A

S
Y

M
P

T
’J

T
IC

 
D

1
 

S
T

Q
IB

U
T

IC
IY

 D
F 

T
H

E
O

E
IG

E
N

V
A

L
U

E
S

 O
F

tR
A

Y
D

C
M

2M
A

T
Q

IC
E

S
.*

~
W

fS
C

O
Y

S
IN

 
11

. 
M

A
T

H
.Q

F
S

.
C

E
N

T
E

R
.*

M
P

C
 

T
E

C
H

. 
S

U
M

M
A

R
Y

 
R

P
T

.
+

7
3
6
.*

1
9
6
7
.

C
O

C
O

l~
3A

R
H

IR
.

 M
. 

A
.3

K
A

H
N

.
 R

.M
.*

A
 

D
E

V
E

L
O

P
M

E
N

T
A

L
 

Y
O

D
E

L
+i

’F
Z

J!
N

F
C

P
M

A
T

IO
N

-P
R

O
C

E
S

S
IN

G
IN

 T
H

F
d

C
H

IL
O

.*
3
S

T
.

 U
. 

F
. 

E
. 

D
E

P
T

.
*

 1
9

6
7

.
n

o
00

 1
6

d
A

Q
R

IB
,

 M
.A

.a
K

A
H

N
,

 R
 .

M
 .

*A
iZ

C
V

R
E

R
N

E
T

IC
 A

P
f’Q

O
A

C
H

 
T

O
 

M
E

N
T

A
L

 
D

E
V

E
L

O
P

M
E

N
T

.*
+

)S
T

.
C

. 
F

.E
.D

C
J
’T

.*
 1

9
6

7
.

3
0

0
0

1
7

ZA
R’

R
 1

’3
,

Y
.A

.*
N

@
T

E
S

 O
N

 A
 P

A
R

T
l4

L
 S

U
R

V
E

Y
 0

F
O

:Y
B

E
R

N
E

T
IC

S
 

IN
 

E
U

R
O

P
E

 
A

N
D

+
fH

F
 

t.
S

.S
.R

.*
a
P

.F
.C

.
R

E
S

E
A

R
C

H
 

A
S

S
O

C
IA

T
E

S
, 

IN
C

. 
*P

F
D

S
R

-6
5
-

 i
4
I2

.
 *

1
9
6
5
.

9
0
0
0

 I@
aA

R
B

18
, 

M
.

A
.

*a
S

E
L

F
-R

E
P

Q
O

D
U

C
IN

G
-A

U
T

O
M

I’A
:S

D
M

E
 

IM
P

L
IC

A
T

If
lN

S
 

Fr
)R

+
vH

F
~

Q
E

T
IC

A
L

B
X

~L
fJ

G
Y

.*
iiJ

S
T

.
 U

. 
F

.
 F
.D

E
P

T
 .

*
 1

9
6
1
.

~
o

n
o

lc
3A

P
 B

IB
,

M
.A

.a
G

IV
F

’D
h

, 
Y

.
l
 

3A
L

G
F

B
R

A
d

A
U

T
O

M
A

T
A

 
I 

I 
: 

TH
E 

C
A

T
E

G
O

R
IC

41
.

+F
Q

A
M

fr
tC

IR
K

F‘
.J

R
 

C
YN

cb
M

tC
 
A

N
b

L
Y

S
IS

.‘
3

S
f.

 U
.

 
E

.E
.@

E
P

T
.*

 
1
9
6
7
.

co
o

o
?

!l
3B

A
Y

F
R

r
Q

.*
C

IN
 F

N
D

O
M

D
R

P
H

I
 S

M
S 

4N
D

 C
O

N
G

R
U

=“
K

 E
S

 i-
JF

d
A

U
T

O
H

A
T

A
.*

3B
O

F
 I

V
G

+C
C

I 
.Q

%
.L

b
E

lS
.*

M
A

T
H

.
 

NC
JT

F
 

4
0
7
.*

1
?

6
?

.
 

’
C

( 
c

o
2

1
3B

A
 Y

E
R

,
Q

.*
T

H
E

 A
IJ

TC
M

C
R

P
H

IS
C

 G
R

C
U

P
 O

F
 A

 C
TR

D
W

G
LV

 C
O

P
!Y

FC
TF

D
3A

U
TD

M
A

TO
N

+
lN

D
!‘

Q
 

a:
J!

-J
’IF

N
T

 
A

U
TO

Y
A

TA
 
.*

d
IL

L
 

TN
O

I 
S 

IJ
. 

C
T

M
P

.S
C

!
 
.?

E
P

T
.*

R
P

T
.1

9
9
.*

1
3
6
6
.

dc
’O

O
22

aS
A

Y
E

R
,

R
.*

A
C

IT
O

M
C

IR
P

H
IS

Y
 

G
Q

D
U

J’
S

 
44

10
 

Q
U

?
f 

IE
N

T
S

 
JF

 
S

TR
C

N
G

LV
+f

P
F

 N
JT

C
.T

E:
33

A
U

Tf
lP

r’.
TA

A
N

D
~

~
O

N
A

O
I~

-~
lG

F
R

~
4
~

.*
~

IL
L

~
N

~
I~

 
Il

. 
C

fl
M

P
.S

C
I.

D
E

P
T

.*
R

P
f.

+
20

4
 .
*1

9
6
6
.

*i-
P

!D
 A

C
C

E
 S

S
! 

“F
: 

E
N

T
R

I 
F 

S

F
ig

u
r

e
 2

.
S

a
m

p
le

 
N

o
 

C
a

te
g

o
ry

 M
od

e
 A

C
C

E
S

S
 i

n
p

u
ts



A
C

C
Z

S
S

IC
Y

C
A

TF
G

C
Q

V
cq

:i
lt

A
C

C
E

S
S

1
 

-I
N

F 
N

 
f 

E 
v

C
’IO

E
S

. 
. 

. 
. 

. 
. 

. 
. 

.
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

.
.*

 .
 .

 .
 .

 .
 .

I*(
 ?

31

M
C

00
2

b
o

o
93

C
C

C
C

4

FC
O

G
5

;
FC

O
O

b

c
c

0
0

7

rJ
o(

lc
9

P
O

09
9

h
o
0

 1
0

Q
O

O
O

L

R 0
 0

 0
 2

F
C

O
C

I

t-f
.*

” 
T 

T
H

E
-S

Y
A

P
 I

b
G

FC
F’

hC
Lt

G
V

 
S

IJ
R

V
FV

 
‘J

F
S

~
Q

V
T

C
E

C
”,

M
G

gE
R

F!
 C

A
T

A
* 

‘=
E

B
. 

1
9

7
0

,
T

-
S

 S
E

W
IC

E
S

.

?
Z

T
l"

A
l

P
fi

C
F

.
FQ

 F
’),

“P
K

O
G

R
A

M
 

TE
S

T
IN

G
A

K
C

 V
A

L 
ID

i
I)

. 
G

I
YE

S
 

A
S

O
’lD

 S
U

R
V

 F
Y

O
F

 T
‘4

F 
G

I?
AL

S 
O

F
c 

T
E

S
T

IN
G

.

SL
A

G
1

 E
t

 J
.E

.
bN

D
 O

IX
IY

N
, 

J
.

K
 .,

“
‘E

X
P

E
R

IM
E

N
T

S
 W

I
T

H
 T

H
E

 Y
 &

 N
 T

R
E

F
-

cE
A

?
r:

V
I\i

r,
 

FR
O

G
P

A
Y

**
,

 
C

A
C

M
, 

V
C

L
.

 
1

3
9

 
N

O
. 

3
, 

Pr
4P

C
H

 
1
9
7
3
~

 
P

G
. 

1
4
7
-1

5
4
.

!
‘
T
c
,
r
,
\
J
T
s
E
s
 4

 V
A

R
IA

P
IT

 M
Ib

;;
I-

V
A

X
 M

FT
H

C
JD

 W
H

IC
H

 A
W

A
R

D
S

 tj
O

N
\J

S
E

S
 F

Q
R

 M
U

L
T

IP
L

E
S

L
C

C
’S

S
C

R
 

M
A

X
.‘S

 
A

N
D

 G
I

V
E

S
 4 

P
E

N
A

L
IT

V
 

FO
R

 
H

U
L

T
. 

S
U

C
C

C
S

S
O

R
 
M

IN
.‘
S

.
TH

U
S

c:
!F

 T
4K

C
S

 1
1-

f 
@

R
A

N
C

H
 N

IT
H

 T
H

E
 M

O
ST

 L
I

K
E

L
I

H
O

O
D

 O
F 

S
U

C
C

E
S

S
 I

N
 O

F
fP

E
R

3S
\=

T
q

A
T

 I
O

h
S

.
T

H
E

IR
 A

L
P

H
A

-I
~E

T
A

 R
R

O
C

E
W

C
F

 A
L

S
’

J
 HA

I?
 T

fl
 B

E
 W

D
IF

IE
D

.

F
E

N
IC

kE
L

,
 R

.Q
.,

 W
E

T
7E

N
3A

U
Y

. 
J
.,

 A
N

D
 

V
O

C
H

E
LS

O
F(

,
 J

.C
.,

 “
A

 
P

Q
C

G
R

A
Y

TC
TE

A
C

H
 P

f’
G

G
Q

3~
~

Ih
G

”,
 C

A
C

M
, 

V
O

L
. 

13
9

 N
O

.
 3,

 
M

A
R

C
H

 
1

9
7

0
,

 
P

G
.

 
1

4
1

-
1

4
6

.
;A

V
=

A 
S

uQ
vE

Y
 A

B
r)

U
T

 T
H

E
 T

E
E

C
H

 S
Y

S
T

E
M

, 
U

S
E

D
 T

C
 A

 C
O

U
R

S
E

 I
F

. 
P

R
O

G
R

A
M

M
I’J

G
.

T
h

E
 S

’U
C

F
N

T
S

 L
E

A
R

N
E

D
 T

kF
 U

N
C

L
 L

A
N

G
U

A
G

E
.

S
C

H
Y

A
R

C
Z

, 
R

.Y
.,

 
W

R
G

F
Q

,
 
J
.F

.,
 A

N
”

 
S

IY
M

I’N
S

,
 
R

.F
.,

 “
4

 
D

E
O

U
C

T
IV

E
;‘J

c
 S

T
IC

9-
A

K
S

k5
P

.E
R

 F
C

E
 hA

TU
G

A
L

 
L

A
N

G
U

A
G

E
 ?

F!
f 

E
R

FN
C

E
”v

 C
A

C
M

, 
V

gL
 .

1
3
r 

N
O

. 
3,

V
a~

r-
H

 
1
9
7
0
, 

0
;.

 
1
6
7
-l

P
3
.

D
IS

C
U

S
S

E
S

 T
H

F
IR

 P
R

O
TC

S
V

Y
TH

E
X

 
II

 
I.

3R
V

B
Y

.
G

L
fN

N
 

L
S

h
a
iF

Z
 

S
V

S
T

fM
n

, 
C

G
A

,

n

k
c
,

57
‘W

E
 N

T
-T

0
-S

T
U

D
E

1
9
7
0
, 

P
. 

le
.

hT
 I

N
T

tQ
A

T
IC

h
 I

N
C

O
Y

’W
TE

R
 

T
IM

E
-

, 
K

E
N

T
, 

”
TH

F
 V

A
LU

E
 ‘

3F
 T

H
E

 C
C

FP
U

TE
P

 4
5 

A
 

P
U

P
I

L
”

,
 

A
R

T
I

C
L

E
Ih

 
V4

R
C

.M
.

l”
7
0
, 

C
&

A
, 

P
.

2
4

F
F

P
G

U
S

C
N

, 
R

.L
.

, 
“C

FI
M

P
U

TE
R

 
A

S
S

1
S

T
A

N
C

E
 

F
O

R
 I

N
D

IV
ID

IZ
E

D
 I
N

S
T

R
U

C
T

IO
N

”r
4

F
T

!C
L

’
 C

h 
E

C
U

C
A

T
 I

O
N

I”
( 

H
A

R
C

Yp
 1

9
7

0
,

C
&

A
, 

P
.

2
7

.

T
Y

A
?

,
IC

L
E

P
.

C
h

c
“U

E
&

k
 A

T
S

E
 ‘)F

 
A

 
Q

FY
cl

T
IC

N
 

I
N

 H
b

kC
H

,
F

C
O

N
S

O
L

E
 S

NV
ST

EM
r”

u 
A

 
u

%
IV

F
R

S
IT

V
,9

7
0

, 
e
ta

,
0
.3

0
.

25
Y

C
o

A
L

:
y!

JC
t-

4M
A

k,
 

9
.*

” 
-‘

“L
?

I 
<T

IC
 

3
F

$
)c

ib
L

:
S

U
T

Y
F

R
L

A
N

D
,

 
G

.r
 

F
E

IC
rK

b
A

L
”,

 
E

.A
. 

9
A

 
PR

fjG
R

A
’4

 F
1)

4 
c,

E
fr

F
P

d
T

IF
J
G

 f
X

”L
4b

 A
TO

Q
Y

b
y”

-;
T

ce
S

E
S

 I
N

 
9Q

C
A

+:
IC

 
C

H
E

Y
IS

T
R

V
”,

Y
A

C
H

I’\
tE

 
IN

T
F

L
L

IG
E

N
C

E
 

01
E

i’!
 ‘

:+
L

”
;+

 
IJ

h
IV

F
Q

S
IT

V
 

P
F

E
S

S
, 

1
3
6
9
.

n E 
L

A
L

E E E E 
H

A

F
ig

u
r

e
 

3
.

S
a

m
p

le
 C

a
t

e
g

o
r

y
 M

o
d

e
 

A
C

C
E

S
S

 O
u

t
p

u
t

 (
S

h
e

e
t 

1 
d

f
’5

)



A
c
c
=

s
s
I 

‘)Y
C

C
C

E

‘C
C

C
4

Q
C

C
O

5

L
C

C
55

LO
O

 5
6

i

L
C

C
58

C
A

TE
G

C
R

 Y
b 

c 
c 

f 
s 

s 
! 

,J 
xl

F
h

T
Q

Y
C

’)O
ES

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
..*

*.
...

...
. 

. 
. 

. 
. 

. 
. 

.
kG

iJ
f 

F
o

Y
(:

B
l 

F
V

”,
‘*

A
L

H
Ih

E
 I

’.T
E

!.
L

IG
c%

C
t

 3
,

 E
D

I’r
H

U
L

G
’i

 U
N

I
V

.
 P
’J

E
S

S
,l

Q
6
:6

.

h:
IL

S
S

f-
‘:J

,
 

Y
.J

.,
 

”
S

E
A

g’
,b

’Ib
 G

 P
Q

JS
LE

M
 

S
O

L
V

IN
G

 A
N

0
 G

A
t’F

 P
L

A
Y

IX
G

 T
R

E
E

S
P

FO
R

 
b

Ih
lC

A
L

 
C

C
S

T
 

S
r!

L
U

T
~C

~S
*‘

,
 

?
P

D
Z

E
D

. 
IF

IP
 6

9
 

C
O

N
G

ri
E

S
S

I
 

E
D

IN
B

IJ
R

G
Y

, 
S

C
O

TL
A

FI
D

I
!3

h
9
.

N
C

TF
 
-

~l
Jc

,‘i
 

C
F

 
T

H
IS

 
PA

”‘
?R

 I
 S

 
A

LS
r!

 
Ih

 
Ik

IL
S

S
O

N
’S

 
B

C
O

K
.

C
TS

C
LS

S
FS

 
h

lL
(S

C
\\
‘S

 
A

C
Q

C
d

 
“?

w
@

O
 

FO
R

 
F

F
A

kC
H

lb
lG

 
A

’d
O

-O
F

 
T

P
E

F
S

.

S
E

S
A

P
,

C
E

X
b
.1

5
,

“A
 t

iA
Q

?)
rJ

A
R

E
-S

C
lF

Tn
P

Q
’

 E
M

U
LA

TO
P

 F
C

H
 T

H
E

 Ia
’4

 3
6
0
”
,

E
N

C
Q

. 
2
2
5
8
,

S
P

P
IY

G
 
1
9
6
9
, 

P
F

I?
F

. 
G

.
 

C
S

T
R

IY
.

U
S

E
S

 1
N 

X
O

S
 S

I
 G

H
A

 7
 A

S
 F

Y
U

L
A

T
O

R
.

K
Y

U
T

H
, 

C
.

E
.

Q
hC

 
FL

C
IY

D
, 

F 
.w

.
**

w
T

F
s

 
13

4 
av

n
1o

Ih
rG

 
G

e 
To

 
S

TA
TE

M
FF

:T
S

*~
,

S
TA

N
FC

R
O

 
f 

50
 

?E
of

?Q
T

 
Cz

: 
l&

9
, 

J
4
Y

. 
1

9
7

0
.

C
C

h
S

 
IO

E
R

S
 

TR
 A

N
S

Fr
P

M
 I

N
G

 
4 

“C
3J

TC
l”

TY
P

 5
“Q

f-J
G

PA
~

 
T3

b 
Q

E
C

W
 S

IV
E

 P
Q

3C
tD

U
fE

 T
Y

P
F

 U
S

Ih
iG

 
A

L
G

O
L

’S
 

W
H

IL
E

, 
C

T
C

.

C
H

E
A

T
H

A
r,

 T
.

 E
.

 “
T

H
E

W
E

C
R

Y
 A

N
0

 C
O

N
S

T
P

U
C

T
IC

h
 O

F
 

C
C

M
P

IL
E

Q
S

”,
C

C
M

Pl
JT

EP
 A

S
S

:~
C

I4
T

E
S

,
 

C
C

-
5

6
0

5
-

0
1

1
1

,
 J

U
Y

E
 7

,
 1
9
6
6
. 

H
A

S
 G
R

4M
Y

A
R

S
. 

SY
hi

TA
X

4N
C

L
Y

S
IS

,
 L

E
X

IC
4L

 
A

N
A

L
Y

S
IS

,
?

E
f 

Ih
lIT

IC
IY

A
L

 
F

A
C

I
L

I
T

I
E

S
 ( 

E
X

T
E

N
C

A
B

IL
IT

Y
)

 A
&

O
‘-

‘P
T

I”
IL

A
T

IC
N

.

F
C

’R
S

V
T

q
E

, 
G

.
E

.
“P

IT
F

A
L

L
S

 I
 J

 C
~M

’IJ
T

A
T

IO
h

:,
 O

P.
 W

H
Y

 A
 M

4T
H

 
R

O
O

K
 

IS
N

’T
C

M
-IU

G
H

”,
 S

T
A

N
F

C
R

S
 C

Sr
: 

R
F

Q
’R

T
 C

S
 

1
4
7
, 

J
A

N
.

 1
3
7
0
.

h
(l

M
F

R
IC

A
 

A
N

4
L

Y
S

IS
.

Q
C

U
P

’D
C

FF
,

T
Q

L
h

C
4
T

IC
\.

C
kE

n
T

tA
M

,
 

T
.F

.
“T

b
!!

 T
H

E
O

R
Y

 A
N

D
 C

C
’N

S
TR

U
C

TI
O

N
 O

f 
C

O
M

P
IL

E
R

S
”

, 
1

9
6

7
E

E
P

r?
G

f 
FR

G
)A

 C
!Y

lu
PU

TE
R

 4
S

S
’C

Ib
T

E
S

 n
N

 S
Y

V
TA

X
 A

N
A

L
Y

S
I

S
.

 kC
 N

C
.

 12
’2 

I
N

C
E

X
.

,F
ig

u
re

 3
.

Z
a

n
p

le
 C

a
te

g
o

r
y

 M
od

e
 A

C
C

E
S

S
 O

u
tp

u
t 

(S
h

e
e

t 
2

 o
f 

5
)

I 
. 

.



**
*o

*

‘I
*
*
*
*

C
fiT

S
G

C
aY

C
A

TE
G

O
R

Y

C 
A

 
T 

E
“
J
P

P
Y

L
T

S
T

IN
G

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
.

4
. 

. 
.

4
R

T
T

F
I
C

I
A

L
I 

k 
T 

E 
L 

L 
I 

G
 

E 
N

 
C 

E

D
E

Y
O

R
A

L
 :

B
U

C
H

A
N

A
N

,
 R

.,
 S

U
T

H
E

Q
L

A
N

’I,
 G

.,
 F

E
IG

E
N

B
4I

JM
r

 E
.A

.,
G

R
E

F
N

B
L

A
T

T
, 

R
. 

D
.,

 E
T

.
 A

L
,

“
T

H
E

 G
ri

E
F

kB
L

A
T

T
 C

H
E

S
S

 P
R

C
G

R
A

M
”,

Y
IC

H
IE

, 
0
..

 
F

L
F

M
IN

G
,

 
J
.G

.,
 

C
L

D
F

IE
L

D
,

 J
.

V
.

,
 “

A
 C
O

M
FA

R
IS

flN
 

fl
F

N
E

W
E

L
L

, 
A

.
” 

H
F

U
R

IS
T

IC
 S

E
A

R
C

H
:

IL
L

-S
T

P
U

C
T

E
R

E
O

 
P

R
%

!L
E

”S
”,

 P
R

O
G

R
E

S
S

N
IL

S
S

C
h

,
 N

. 
J

.
,

 ”
C

E
A

R
C

H
IQ

G
 P

R
f3

B
LE

Y
 S

O
L

V
IN

G
 A

N
D

 G
A

M
E

 
P

L
A

Y
IN

G
 

T
R

E
E

S
S

C
H

U
A

P
C

Z
, 

R
.Y

.,
 

R
’J

P
G

E
R

,
 J

.
F

.
,

 A
N

0
 
S

IW
C

h
S

, 
R

.
F

.
,

 “P
 

D
E

C
U

C
T

IV
E

S
L

A
C

L
F

,
 J

.
R

.
 A
YD

 
d

U
R

S
K

Y
, 

P
. 

“F
X

P
’t

R
.

W
 I

T
J’

 A
 M

U
L

T
I-

P
U

R
P

O
S

E
S

L
P

G
L

E
,

J
.

R
.

 A’
UD

 O
IX

O
N

,
 J

.
K

.
,

“E
X

P
E

R
IM

E
N

T
S

 W
I

T
H

 T
l-

E
 M

 t
 N

 T
R

E
F

-

C
. 

. 
.

c 
c 

P 
Q 

I 
L 

F 
R 

s

C
~

F
A

T
H

P
M

,
 T

.
F

.
 “T

H
F

 T
I’E

O
R

Y
 A

X
0

 C
O

N
S

T
P

L
C

T
IU

N
 O

F
 

C
O

H
P

IL
E

P
S

”,
C

H
tA

T
H

A
C

,
 

T
.E

.
“

T
H

E
 T

bE
C

Q
Y

 4
N

D
 C

’N
S

T
R

U
C

T
IO

N
 C

f 
C

O
M

P
IL

E
R

S
”

, 
1

9
6

7

*
*
*
*
*

 C
A

TF
G

C
R

Y
 -

-
 E

 .
 .

 .
E 

Q 
If

C
 

b 
T

1 
cl 

Y

&
R

Y
A

N
,

 
G

L
E

N
N

 
L

.,
 ”

S
T

U
D

E
N

T
-T

7-
S

T
U

D
E

N
T

 1
 N

T
E

R
A

T
IO

N
 I

h
 

C
C

M
Q

U
T

E
R

 T
 f

W
E

-
;

F
E

h
IC

k
F

L
,

 R
.R

.,
 W

E
IL

E
N

eA
U

H
, 

J
.,

 
A

N
D

 
Y

O
C

H
E

L
S

O
N

, 
J

.C
.,

 
“

A
 

P
R

O
G

R
A

M
FF

Q
 G

LS
C

IN
, 

R
.

L
.

,
“

C
O

M
P

U
T

E
R

 
A

S
S

IS
T

A
N

C
E

 
fD

R
 I
Y

C
IV

ID
IL

E
O

 
IN

S
T

R
U

C
T

IO
N

”
,

f’
O

P
T

C
N

, 
K

E
N

T
,

“
T

H
E

 V
A

L
U

E
 O

f 
T

H
E

 C
O

M
P

U
T

E
R

 A
S

 A
 P

U
P

IL
”

, 
A

R
T

IC
L

E
S

C
H

kE
T

M
A

N
, 

H
.

 D
.,

“
U

S
E

 C
F

 A
 R

E
M

O
T

E
 C

O
N

S
C

LE
 S

Y
S

T
E

M
 O

N
 A

 1
JN

IV
E

R
S

IT
Y

*
*
*
*
*

 C
A

TE
G

D
R

Y
 -

-
 H 

.
 .

 .
H

A
R

D
W

A
R

E
 .

 .
 .

P
E

R
IP

Y
E

R
A

L
S

S
C

kW
E

TM
A

N
,

 Y
.

O
.

,
“U

S
E

 O
F

 A
 R

EM
O

TE
 

C
O

N
S

O
L

E
 

S
Y

S
T

E
M

 
O

h
 

A
 

U
N

IV
E

R
S

IT
Y

S
E

S
A

R
, 

D
E

N
N

lS
,

“
4

 H
A

R
D

h
A

R
E

-S
O

F
T

”4
R

E
 

E
M

U
L

A
T

O
Q

 F
O

R
 T

FE
 

IB
M

 
3

6
0

”
.

**
+

**
 C

A
TF

G
O

R
Y

 -
-

 J
 .

 .
 .

D
E

B
L

G
G

IN
G

 .
 .

 .
T

E
S

T
I

N
G

G
R

U
E

hR
E

R
G

E
R

,
 

P
P

P
F

. 
F

kE
O

,
“P

R
D

G
R

A
M

 T
t 

ST
1 

N
G

 A
N

0
 V

A
L

I 
D

A
71

 N
G

”
,

*
*
*
*
+

 C
A

TE
G

rJ
R

Y
 -

-
 L

 .
 .

 .
C

C
’4

P
L

IT
F

a
L

a
v
G

u
a
G

E
s

F
tj

h
IC

H
E

L
,

 
R

.Q
.,

ti
E

ft
E

N
B

A
U

!‘
r

 J
.,

 A
N@

 Y
O

C
H

E
L

Z
O

N
, 

J
.C

.,
 

“
A

 
P

R
O

G
R

A
M

K
fi

U
T

l’,
 O

.
E

.
 4

’4
0

 F
L

O
Y

D
,

 E
.r

l.
“

N
O

T
E

S
 3

N
 

A
V

O
ID

IN
G

 
G

O
 

T
O

 
S

T
A

T
E

M
E

N
T

S
”,

S
C

H
C

A
R

C
Z

, 
R

.M
.,

 a
:c

R
G

E
R

,
 

J
.

F
.

,
 

A
N

0
 

S
I

M
M

O
N

S
,

 H
.F

.,
 “

A
 C

E
O

U
C

T
IV

E

*
*
*
*
*

 C
d

T
E

G
n

R
Y

 -
-

 h
 .

 .
 .

N
U

f
’E

R
IC

A
L

4 
Y 

A
 

L 
Y 

f 
I 

S

Fn
fi

 
S

Y
T

H
E

, 
G

.E
.

“
P

I
T

F
A

L
L

S
 I

h
 C
C

M
”U

T
A

T
IC

Y
,

 O
fJ

 !
di

Y
 

A
 

FA
TH

 R
C{

CK
 I

S
N

m
T

F
ig

u
r

e
 3

.
S

a
m

p
le

 C
a

te
g

o
ry

 M
o

d
e

 A
C

C
E

S
S

 O
u

tp
u

t 
(S

h
e

e
t 

3
 o

f 
5
)

A
C

C
F

S
S

C
C

C
E

. 
. 

. 
. 

. 
. 

. 
.

R
O

O
O

l
9
0
0
0
7

R
O

O
O

 3
R

O
O

O
4

R
O

C
05

n
o

0
0

6
w

00
01

M
O

O
04

u
o

o
s 

5
U

O
O

58

U
o

o
O

t
M

O
O

05
M

O
O

09
n

o
00

8
n

o
0

1
0

M
O

O
1

0
uo

o5
3 

’

M
O

O
03

H
O

00
5

U
O

O
5L

M
O

O
06

U
O

O
56



-
.

 
.*

K
E

Y
W

D
R

C
L 

I 
s 

T 
I 

Pi
 

5
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

.

U
S

C
54

-m
e
-

*‘
r,

3T
n

*’ _ 
T

yF
c

 
DG

:-J
C,

e,
$C

 
T

: 
3

~
‘:

::
E

S
IV

F
 f

’Q
f’C

E
D

U
P

E
 T

Y
?C

 I
?

S
!N

;
 A

LG
Q

L’
S

 t
iH

!L
F

, 
E

T
C

.
-
-
-
-
-
-
-
-
-
-
-
-
-
_
_
-
-
-
-
-
-
-
-
-
-
-
-

U
O

D
54

“C
C

L
)L

~
~

~
~

~
T

 l
Ii
(E

L
Il
-C

C
”

 :
‘1c

 
S

U
C

C
E

S
S

 I?
 ?

cE
P

E
i:

P
E

\F
T

Q
A

T
ID

N
S

.
T

H
E

IR
M

C
C

C
 1

_
_

_
_

 r)
?O

F
Q

Il
ri

G
,

 H
~

E
E

D
T

h
-F

IR
S

T
rc

4
J
.c

H
Ih

c
 4

L
G

O
Q

IT
H

q
 

W
H

IC
H

 
U

S
E

S
C

l?
00

 =
_

_
_

_
 ‘5

 E
CO

K
 .

c!
S

C
U

S
S

E
S

 N
IL

q
S

!?
 ‘

S
 A

R
Ff

?k
 M

E
T

H
o

 F
G

Q
 S

E
A

R
C

H
I

N
G

V
C

C
C

’ *
-e

-B
FS

4
5
-3

9
, 

1
9
6
3
. 

C
IS

C
L

S
jC

S
%

L
T

 !
P

L
E

,
A

 
D

YN
A

M
 T

C 
O

Q
3E

R
 I

N
C

.
;c

c
c
o

R
c

c
o

l
-
‘
-
-
-
-
-
-
-
‘
-
-
‘
l
”
-
‘
-
“
“
-
“
-
“
-
-
-
-
”
’
-
”
-
-
-
~

~
~

~
~

:
--

--
--

--
--

--
--

--
--

--
I_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
--

-
‘4

C
C

C
C

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

S
C

H
rJ

IF
C

Z
,

 
G

.J
U

.,
V

C
C

O
l
-
-
-
-
-
-
-
-
-
_
-
-
-
I
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

C
LA

G
LE

,
 

J
.R

. 
A

N
D

U
C

C
55

-
-
-
-
-
-
-
-
-
I
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~

-
-
-
-
-
-
-
-
-
-
-

u
o

cs
q
-
-
-
-
I
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

c
c

c
c

p -
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

G
R

F
F

N
B

L
A

T
T

,
 Q

. 
r,

.,
 F

T
.

 A
L

,
 “

T
H

E
 G

R
E

E
N

B
LA

TT
‘J

C
C

’= - 
*
-
-
-
-
y

C
H

F
A

T
H

A
k,

 T
.

F
.

“T
-t

C
 T

Y
E

C
R

Y
 A

N
D

 C
U

N
S

T
R

U
C

T
IO

N
 C

F
~

J
C

C
~

~
--

--
--

--
--

C
tE

A
T

H
A

P
),

 
T

.F
.

“
f’

-5
 T

I-E
O

Q
Y

 A
N

D
 C
fi

h
!S

T
R

U
C

T
I’l

N
 t

?F
‘J

C
C

S
t
-
-
-
-
-
-
-
-
-
-
-
-
-
I
-
-
-
-
-
-
-
-
-
-

F
C

R
S

Y
T

H
E

,
 

G
.E

. 
‘*

P
IT

F
A

L
L

S
 

IN
vc

 0
 1 
o

,,
--

 -
-
_

_
_

-
-
-
-
-
-
-
-
_
_

s
C

w
k
=

v
a
h

t,
H

.D
.,

“
U

S
E

 Tr
F 

4 
PE

M
O

TC
H

C
C

C
C

e
m

--
--

S
C

H
kA

R
C

Z
, 

Q
.C

.,
 
B

U
&

,
 J

.
F

.
,

A
N

D
 S

IY
M

O
Y

S
, 

d
.F

.,
 “

A
11

00
5 
5
-
-

1
3

6
6

. 
H

A
S

 G
FA

Y
M

A
Q

S
,

 S
Y

N
’A

X
 A

P
!A

L
Y

S
IS

,
 L

E
X

IC
A

L
 A

N
A

L
Y

S
IS

,
~

~
C

C
1
_
,-

--
-_

_
_
-_

_
-_

--
--

_
_
_
_
_
_
~

~
~

~
~

~
-~

--
-~

~
~

-~
~

_
~

-_
-_

--

A
L

P
+i

h
-B

=T
A

 
P

K
D

C
E

dU
R

E
 

PL
SC

 
H

A
D

 T
C

 
9F

 
IV

C
III

F
IE

D
,

_
-
-
-
-
-

 *
0
0
0

 4
A

L
P

’iA
-B

E
T

A
.

-
-
-
-
-
-
-
-
_
_
-
-
-
-
-
-
-
-
-
c
-
-
-
-
-
-
-
-
-

M
O

O
01

A
N

C
-O

R
 

T
R

E
E

S
.
-
-
-
-
-
-
-
-
-
-
_

I
-
-
-
-
-
-
-
-

9
0

0
0

5
t3R

 E
A

D
T

H
-f

 IR
 S

T
S

E
A

Q
C

H
IN

G
 A

L
G

O
R

I
 TH

M
 L

H
IC

H
 U

S
t 

S
 
A

L
P

H
A

-R
F

,-
+

tO
O

O
l

B
P

Y
A

v,
 

G
LE

rJ
N

 L
.

,
 ”

S
T

U
D

E
N

T
-T

O
-S

T
U

D
E

N
T

 
IN

T
E

R
A

T
IO

N
 I

N
 C

c
),

,u
O

O
O

?
B

U
C

H
A

N
A

N
,

 P
.,

 S
U

T
Y

E
S

L
A

N
D

,
 G

.,
 F

F
IG

E
h

B
A

U
C

,
 E

.A
.,

” 
H

E
U

--
Q

O
O

O
 

1
R

JR
G

E
Q

, 
J

.
F

.
,

A
N

D
 S

!M
”‘

D
N

S
, 

R 
.F

.,
 “

A
 D

E
D

U
C

T
IV

E
D

U
E

 S
T1

 -
M

O
O

0
6

3U
R

S
K

Y
. 

P
.

 
“F

X
R

E
F

.
W

IT
H

 A
 M

U
L

T
I-

P
U

P
P

C
S

E
TH

E
O

R
FM

’ 
P

P
D

V
--

M
O

0
0
1

C
H

E
A

T
H

A
M

, 
T

.E
.

“
T

H
E

 T
H

FO
P

Y
 A

N
D

 C
O

N
S

T
R

U
C

T
IO

N
 O

F
 C

O
C

O
IL

E
~

U
0
0
5
5

C
H

E
A

T
H

A
~,

 T
.

E
.

“T
H

E
 T

I-E
O

P
Y

 A
N

D
 C

Q
N

S
T

R
U

C
T

ID
N

 O
F

 C
O

M
P

IL
E

-U
0

0
5

Q
C

H
E

S
S

 P
R

O
G

Q
A

H
”,

PQ
cl

lC
. 

F
J

C
C

,
1

9
6

7
,

 P
G

.
 6

0
1

 1
0

 8
1

0
.

w
e
-

Q
O

O
O

Z
C

O
M

P
IL

E
F

S
”,

C
D

Y
P

U
TE

P
 A

S
S

O
C

IA
T

E
S

, 
C

A
-6

6
0

6
-0

1
1

1
, 

J
U

N
E

 2
~

,,
U

O
O

5
5

C
C

M
’J

IL
E

P
S

,‘,
 1

9
6

7
Q

E
P

C
R

T
 F

R
C

Pl
 C

C
C

P
U

T
E

Q
 A

S
S

O
C

iA
T

E
S

 O
N

 S
-U

0
0
5
9

C
O

M
PU

T
 A

T 
IU

N
,

OG
 W

H
Y

 A
 M

A
T

H
 B

O
O

K
 I

 S
N

’f
E

N
O

U
G

H
”

, 
S

T
A

N
F

O
--

U
0
0
5
6

C
O

N
S

r)
LE

 S
Y

S
T

E
M

 O
N

 A
 U

K
IV

E
P

S
IT

Y
C

A
M

P
U

S
”,

A
R

T
 I

C
L

 E
 D

N
 E

D
--

?
+

0
0

 1
0

D
F

D
U

C
T

IV
E

C
jU

F
S

T
ID

N
-A

N
S

kE
R

E
R

 
F

C
R

 
N

A
T

U
R

A
L

 L
A

N
G

IJ
A

G
E

 !
N

F
,-

‘~
I0

0
0
6

D
E

F
iN

IT
IC

N
A

L
 F

A
C

IL
IT

IE
S

 I 
E

X
T

E
N

O
A

B
IL

IT
Y

)
 A

N
D

O
P

T
IM

! 
7
,,
1
J
O

D
5
5

D
EN

O
R

 A
L 

:
B

U
C

H
A

N
A

N
,

 6
.1

 S
U

TH
E

R
LA

N
@

,
 G

.,
 F

E
IG

E
N

B
A

LJ
M

,
 E

.-
-Q

0
0
0
1

C
IX

O
Y

, 
J

.
K

.
,

 ‘,
E

X
P

E
R

IM
E

N
T

S
 d

!T
H

 T
H

E
 M 

& 
N

 T
R

E
E

-
S

E
A

Q
C

,,
Y

O
U

D
4

E
D

U
C

A
T

IO
N

 I
N

 M
A

R
C

H
, 

1
9

7
’3

, 
C

tA
, 

P
.2

4
-
-
-
-
_

I
-
-
-
-
-
-
-
-

Q
Jo

oo
e

E
O

u
C

4T
IO

N
 I

N
 

“‘
8Q

C
H

, 
1
9
7
0
, 

C
&

A
, 

P
.

2
7

.
M

O
O

0
9

~
~

C
c

4
~

~
~

~
~

~
~

~
~

~
_

~
-_

-~
_

_
_

_
_

_
_

_
_

_
-_

_
-_

_
_

_
_

S
L

A
G

L
E

, 
J

.
R

.
 AN

D
M

O
CO

R
,,
,,
E

h
T

 T
“

T
t

-
E

 V
hI

.U
F

 C
F 

T
t

-
E

 C
C

uf
’?

IT
EQ

 A
S

 A
 P

U
P

IL
”

, 
A

R
T

IC
L

F
I??

1
V

C
C

O
9

,-
,-

T
E

R
bS

S
1

 
S

T
4
h

T
.E

 
E

O
R

 
If

W
IV

IE
IL

E
D

 
Ih

S
T

R
U

C
T

T
O

N
”,

A
R

T
IC

L
E

 C
Y

UC
 c

 1 
o

-
,-

W
C

TE
 C

C
N

S
O

LE
 S

Y
S

T
E

M
 O

N
 A

 L
h

Iv
E

Q
S

IT
Y

 
C

A
M

P
U

S
”

, 
A

R
T

IC
L

E
 C

N
U

C
C

E
?.

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

SE
T 

C
C

,
r,E

’J
h

 1
s)

,(A
 

H
A

Q
D

W
 

4R
 

F-
S

O
FT

W
A

R
E

!JC
 0

5 
‘-

-
-
-

TO
R

 
F’

lR
 

TI
--E

 
IY

M
 

T
O

O
”,

C
Y

r,
R

.
2
7
5
R

.
5P

~
Ih

G
 

1
9

4
8

, 
P

R
O

F
. 

G
.

U
C

C
S

E
--

--
X

A
N

A
L

Y
S

IS
,

LF
X

 
IC

C
C

 
4
N

A
L

Y
S

IC
.

C
E

F
IK

IT
I0

h
A

L
 

F
A

C
IL

IT
IE

S
 

(
C

C
C

C
l

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
D

E 
hD

P
 A

L 
:

+L
C

H
A

h
A

h
,

 
B

.,
 

S
U

T
d

E
R

L
A

N
C

, 
C

.,
~

0
0
0
5
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~

-
-
-
-
-
-
-
-
-
-
-
-
-

qc
cc

s
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

un
c5

4
--

--
--

--
--

I-
--

--
--

--
--

--
--

--
--

--
--

--
--

Y
N

U
T

H
, 

U
.

E
.

 A
h3

I 
n

rr
cr

“
“
”

 
c
-
-
-
_
-
-
-
-
-
-
-
-
-
_
-
-
-
-
-
_
_
_
_
_
_
_
_
_
_
_
_
_
I
_
_
_
_
_
_
-
-
-
-
-
-
-
-
-

D
e
c
o

 =
-
-
-
-
-
-
-

h
IL

S
S

f-
l’(

,
 

N
.J

.,
 

”
S

E
A

P
C

H
IN

G
 

P
Q

D
R

LE
M

 
S

O
L

V
Ih

G
 

A
hD

U
C

C
54

I I
 c

 c
 5

 f
I
,
“
;
-
-
-
-

K
rI

tJ
T

H
, 

D
.F

. 
A

h
3

 
F

L
I1

Y
D

. 
R

.k
. 

“N
D

T
E

S
 

O
N

 
A

V
D

ID
Ir

iG
C

D
Y

P
LT

FQ
 A

S
S

D
C

IA
T

E
C

,
 
C

A
-h

6
C

6
-0

1
1
1
,

 J
U

N
E

 2
,

 1
9
6
6
. 

I-A
S

~
c
c
o

~
~

~
-~

~
~

~
_
-_

~
~

_
_
_
-~

~
~

~
-~

~
~

~
~

~
~

-~
~

~
~

~
~

~
~

_
_
~

~
~

~
-_

~
C

C
C

?
_
_
,_

_
,_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
--

--
--

--
--

--
-

lJ
O

C
5
~
-
~

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
I
-
-
-
-
-
-
-
-
-
-

S
E

S
A

R
, 

D
E

N
N

IS
, 

“
A

;c
c
c
1

-B
-m

Q
A

L
:

Q
L

!C
l-

A
N

A
\,

 
d

.,
 

S
u

T
H

?
tL

A
*;

r,
 C

.
,

 
F

E
IG

E
N

B
A

lJ
M

, 
E

.A
.,

 
“

M
C

C
O

I-
--

-:
J
H

S
K

Y
,

 
Q

. 
“E

X
Q

L
?

. 
W

IT
H

 
?r 

“!
lL

?j
I-

“~
~

fJ
O

S
F

TH
E

U
A

E
M

 
PQ

O
V

 
IW

;
c 

c 
C

O
L

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

N
F

W
E

L
L

, 
A

.
 

”
C

C
C

C
3
--

-C
,

 
D

.,
 

F
L

E
M

!f
i:

G
, 

J
.

G
.

,
 

f-
L

?
c
If

~
3
,

 
J
.V

.,
 

“A
 
C

O
M

P
4
G

IS
C

h
 

C
F

J
C

C
S

?
*
c
c
c
~

II
y
,

C
c
C

a
Y

,
C

E
?

“
!I

S
,

“
A

 k
A

D
P

k 
Ia

f-
S

C
F

T
W

A
P

 E
 E

M
U

L
A

T
O

R
 F

cl
P

 T
H

F
“

A
 

D
E

C
’L

C
 T

! 
V

F
C

L
”
S

T
IC

h
-L

’ 
S

it
F

R
E

Q
 F

O
G

.
 FI

A
TU

Q
A

L
 L

A
N

G
ltA

G
E

“C
C

C
 G

p 
C

(p
--

--
r
r

Fc
hG

U
S

I~
N

,
 z

 .
L

 .,
 “

C
P

M
D

L
T

?
z

6S
S

IS
T

A
N

C
E

 
Fr

Q
 

IY
O

IV
IO

!
 

ZE
;)

-
-

-
-

-
 b 

7 
*

J
.G

.,
 
I-

L
T

F
IF

L
D

, 
J

.
V

.
 t 
“
f 

C
C

M
C

A
R

I~
C

Y
 

3F
H

EU
P

 I
S

T
 I

C
S

,
“

C
C

C
’ -

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
R

Q
Y

1(
\,

 
S

~
;i

r.
 

I-
. 

, 
” 

S
T

IJ
O

F
’r

lT
-T

I’-
S

T
IJ

F
)E

r,
T

“T
C

E
‘

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

13
C

C
C
.-

-
-
-

h
6
i:

~
-C

ll
l,

 
J
L

’,
~

 
z
, 

1
3
6
4
. 

*A
C

<
 

-o
Q

Z
i~

~
A

Y
S

,
 

S
Y

fd
?

3
X

4P
JA

LY
S

 I
S

,
‘.r

??
Q

t.
-

-
-

-
-

-
jC

A
G

L
t,

 
J
.2

. 
A

N
D

 
71

va
:S

, 
J
.H

.,
 

“E
X

P
E

’J
M

E
JT

S
 

d
IT

H
 

TH
E

:J’
C 

CC
-
-
-
-
-
e
-
v

F
C

R
S

Y
T

tF
,

 
5
. 

‘=
. 

“
2
!

 
T

F
 

1L
i-

S
I&

 C
f-

‘4
p

tl
T

A
T

I
 I

N
, 

O
R

 W
H

Y
 

r,

E
C

U
C

4T
IO

N
 I

N
 M
A

R
C

H
, 

1
9
7
0
1

 C
G

A
,

 P
.3

0
.

-
-
s
-
-
-
w

-
-
-
-

M
O

O
 1

0
;:

r”
‘R

;;
O

R
 F

D
F

 f
e
t 

I
B

M
 ?
6
0
”,

E
N

G
R

.
2
2
5
8
, 

S
P

R
I

N
G

 1
96

i7
,

 P
-U

0
0

5
3

‘.
U

S
E

S
 

A
N

 
X

D
S

 
S

IG
M

A
 

7
 

A
S

 
E

M
U

L
A

T
O

R
.

-
I
-
-
-
-
-
-
-
-

u
o

o
5

3
E

X
T

E
N

D
A

S
IL

!
 T

Y
! 

A
N

D
C

P
T

I 
M

I 
Z

A
T

! 
C

N
.
-
-
-
I
I
_

-
-
,-

-
U

D
O

 5
 5

F
E

IG
E

N
B

A
U

M
, 

E
.

A
.

,
” 

hE
lIP

 T
S

T
IC

 
O

E
N

O
R

A
L

: 
A

 
P

R
O

G
R

A
M

 
F

O
R

 -
R

O
O

O
l

F
E

N
IC

H
E

L
,

 Q
.

R
.

,
 W

E
!

 Z
E

N
R

A
U

M
,

 J
.,

 A
N

D
 Y
O

C
H

E
LS

O
N

,
 J

.
C

.
,

 ”
M

O
O

05
FF

P
 G

U
S

O
N

,
R

.L
 .

 ,
“

C
O

M
P

U
T

E
R

 A
S

S
1

 S
T

A
N

C
E

 F
O

R
 I

N
D

IV
! 

01
 Z

E
O

 I
~

M
O

O
O

9
F

L
O

Y
D

, 
R

.k
’.

“V
O

T
E

S
 

O
h

 
A

V
O

ID
IN

G
 

G
O

 
T

O
 

S
T

A
T

E
M

E
N

T
S

”,
S

TA
,,
u

o
o

5
4

F
O

Q
S

Y
T

H
E

, 
G

.t
.

“
P

I
T

F
A

L
L

S
 IF

J 
C

D
C

P
U

T
A

T
IC

N
,

 C
’R

 W
H

Y
 A 

M
A

T
H

-U
0
0
5
6

G
A

M
E

 P
L

A
Y

Ih
G

 T
R

E
E

S
FC

R
 

M
IN

I 
H

A
L

 
C

C
S

T
 

S
O

L
U

T
IO

N
S

”
, 

P
Q

D
C

E
-Q

 0
0

0
5

GO
 T

O
 S
T

A
T

E
)I

(F
Y

T
S

”,
S

TA
N

FC
R

D
 C

S
O

 R
E

P
O

R
T

 C
S

 1
4
8
, 

J
A

N
. 
l-

1
1
0
0
5
4

G
R

A
M

M
A

R
S

, 
S

Y
N

T
A

X
A

N
A

L
Y

S
 

IS
, 

L
E

X
IC

A
L

 
A

N
A

L
Y

S
IS

, 
D

E
F

 I
N

1 
T

I-
-U

0
0

5
5

C
R

!-
‘N

B
L

A
T

T
,

 R
.

 C
.,

 E
T

.
 A

L
,

“T
H

E
 G

R
E

E
N

R
LA

TT
 C

H
E

S
S

 P
R

O
G

R
4

0
0

0
2

C
R

U
E

N
B

FR
G

E
R

,
 

P
P

O
F

. 
F

R
E

D
,

“P
R

O
G

Q
A

Y
 T

E
S

T
IN

G
 A

N
D

 V
A

L
ID

A
fI

--
M

O
0
0
3

H
A

R
.D

id
A

P
E

-S
C

FT
W

A
R

E
 E

M
U

LC
TG

R
 F

O
Q

 T
H

E
 IB

M
 3

6
0
”.

E
N

G
R

. 
2
2
z
u

O
O

5
3

H
EU

Q
 I

S
T

 
I

C
 @

E
N

O
R

A
L:

A
 

FR
O

G
R

A
M

 F
O

R
 G

E
h

E
R

A
T

IN
G

 E
X

P
L

A
k
A

T
O

R
~

R
C

D
O

l
H

E
U

Q
IS

T
 I

C
 P

~O
’;

R
A

Y
”,

 J
C

U
”.

 A
C

M
, 

V
O

L
 1

5
,

 N
O

.
 1

,
P

A
G

E
 S

 R
--

M
O

O
0

 I
H

F
U

R
IS

T
IC

 
S

E
A

R
C

H
:

IL
L

-S
T

R
U

C
T

E
R

E
D

 
P

R
C

B
L

E
H

S
”

, 
P

R
nG

R
FS

S
Q

O
O

04
I-E

LJ
Q

 I
S

T
 I

C
S

,
IN

T
E

R
A

C
T

IV
E

,
A

N
D

 
U

N
A

ID
F

D
 

Y
E

T
H

O
O

S
 

F
O

R
 S

fl
L

V
I-

IQ
0
0
0
3

I
B

M
 3

6
0
”
,

Fh
tG

Q
. 

L
25

@
,

S
P

R
IN

G
 L

96
B

,
 P

Q
C

F
. 

G
. 

E
S

T
R

IN
.

,,
u

o
o

5
3

IN
F

E
Q

E
N

C
F

”,
 C

A
C

U
, 

V
D

L
.

1
3

,
 N

C
’. 

3
,

M
A

R
C

H
 

1
9

7
0

, 
P

G
. 

1
6
7
-,

-M
O

O
0
6

!N
S

T
P

U
C

T
IO

N
”,

Ir
.iT

F
?

‘A
(:

T
!V

E
A

R
T

IC
L

E
 p

h
 E

C
IJ

C
A

T
In

N
 T

N
 M

A
R

C
H

,
 1

9
7

0
,

 C
t

w
o

co
=

, 
A

N
0

 
il

U
A

IC
’F

U
 

M
E

TH
i7

D
S

 
FC

R
 

S
G

LV
!N

G
 

A
 

S
H

C
Q

T
E

S
zQ

0
0
0
3

IN
T

tQ
A

T
IC

h
 

1r
1 

C
?M

”U
TE

Q
 

T
IM

E
-

S
bA

a
 

E
C

 
S

Y
S

T
E

M
,,

 
, 

C
&

A
, 

M
A

S
v

M
0

0
0

7
K

N
U

T
H

, 
D

.t
.

AY
O

 F
L

O
Y

D
, 

3
. 

h
.

“‘
C

T
E

S
 C

h 
A

V
C

IO
TN

G
 G

O
 

TO
 S

--
-2

0
0
5
4

LF
X

 IC
C

L
 A

N
C

L
Y

 5
 I

S
,

D’
=F

 I
’d

IT
T

O
h

A
L

 F
A

C
 IL

IT
T

E
S

 (
 E

X
T

E
N

D
A

B
IL

-u
D

C
5
5

‘E 
t 

:J 
T

R
E

F
-

S
E

A
aC

H
Ih

’G
 

P
R

O
G

R
A

M
”

, 
C

A
C

M
, 

V
O

L
. 

1
3

, 
N

O
. 
3
--

“
0
0
0
4

Y
A

TH
 Q

L-
IO

K
 I

S
N

’
T

E
h(

D
U

G
h”

,
 S

TA
U

FO
R

D
 C

S
D

 F
E

P
O

P
T

 C
S

 1
4

7
, 

,,
!1

O
G

5
5

F
ig

u
r

e
 

3
.

S
a

m
p

le
 

C
a

te
g

o
ry

 
M

o
d

e
 

A
C

C
E

S
S

 
O

u
tp

u
t 

(S
h

e
e

t 
4

 d
f’

5
i’



K
c

Y
w

n
p

D
1 

I 
S

 
1 

I 
N

 
G

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
.

Q
C

fZ
Z

-
m

e
-

-
-

-
-

-
 

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
\‘I>

c
1;

6
-
-
-

1
2

 ~
10

. 
3

,
 “h

C
C

’4
 1

9
7
0
, 

P
;;

, 
1
4
7
-1

5
4
.

 
3 

I 
S

C
 

‘IS
 S

f 
5 

A
 V

A
R

 I 
AF

iT
( 

*
*c

cc
=
--

I
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
~

--
--

--
--

--
-

vo
co

 1
-m

J
o

’J
P

.
 A

C
W

, 
V

”L
 !

5
, 

hi
’).

 
1

,
 P
A

C
L

’S
 3

5
-8

9
, 

lS
C

*
. 

D
I

S
C

U
S

S
E

S
U

C
C

C
6 -

 w
--

A
\C

 
S

I
p

W
b
!,

 
C

.F
.,

 “
4

 
D

E
C

U
C

T
IV

E
C

U
E

S
Tt

C
K

v-
P

’J
S

W
E

Q
E

P
 

FO
Q

Q
C

C
C

L
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_
_
_
_
I_

_
_
_
_
_
_
_
_
_
_
_
_
_
_
-
-
-
-

cC
C

C
5
-
-
-
-
-
-
-
_

-
-
-
-
-
-
-
-
_
_
_
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

lf
C

C
5‘

IJ
o

o
5
c
--

--
I 
jN

#
l

th
cu

w
”,

S
T

A
\F

C
F

C
 C

SL
) 

P
E

P
O

R
T

 C
t 

1
4
7
, 

J
A

N
.

 1
9

7
0

.
b’

lA
LY

S
 T

 c
,

Y
C

C
C

 
1

1
1

s
.

 
1
,

D
E

~
I~

lI~
IS

~
rA

L
 

F
4
C

IL
!T

IE
S

 
(

E
X

T
E

N
D

4B
IL

I
 T

Y
I 

A
N

D
P

A
G

E
S

 3
5
-9

:.
 l

C
;h

9
. 

C
IS

C
U

S
S

E
S

M
U

Lr
 I

P
L

’=
,

A 
D

Y
R

A
H

IC
~

o
o
o
*
-
-
-
-
-
-
-
-
I
-
-
-
-
-
-
-
-
-
-
-

N
IL

S
S

T
IN

, 
N

.
 J
.,

 ”
 S

E
4R

C
H

 I
N

G
UC

CC
E.

,,
,,

‘I
Z

E
N

?
A

U
C

,
.J

.,
 4

N
C

 Y
C

C
H

E
LS

C
’k

,
 J

.
C

.
,

 “
A

 P
P!

YG
FA

u
TO

 
T

E
A

C
H

~
C

C
C

~
,,
,I
?

L
.

 
1
3
, 

N
\;

c:.
 3

,
-4

A
ii

C
Y

 l
C

7
0

, 
P

G
.

 1
6
7
-l

f’
3
.

D
I 

S
C

’J
S

S
E

S
 T

H
E

IR
U

C
C

C
4
-
-
-
-
-
-
-
e

-
m

“F
’G

TG
h,

 
K

E
h

T
,

“T
kE

 V
A

L
U

E
 C

F
 T

H
E

 C
O

’a
P

U
TE

Q
 A

S
 A

*IC
C

C
C

U
O

c
lC

--
--

I,
R

.Y
.,

 
aU

R
G

E
R

, 
J
.F

.,
 

4N
O

 
S

IM
H

C
h
S

, 
b

.F
.,

 “
A

 
i)

E
D

U
C

T
IV

E
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

S
C

H
W

E
T

”A
N

, 
Y

.D
.,

 “
U

S
E

 O
F 

A
IJ

C
C

56
Y

O
O

W
--

--
FO

G
13

 C
S

r)
 R

tR
C

Q
T

 C
S 

1
4
7
, 

J
4

h
. 

1
9

7
0

.
N

U
M

ER
 X

C
4 

A
N

A
L

Y
S

IS
,

-
-
-
-
-
-
-
-
-
-
I
_

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

-
-
-
-
-
-
-
-
-
-
-
-
-
c

~
C

Q
l

 f
l -
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
I
-
-
-
-
-
-
-
-
-
-
-

Q
C

C
C

4
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
u

-
-
-
-
-
-
-
-
-
-

h
E

w
E

L
L

,
 A

.
” 

H
E

U
R

IS
T

IC
M

O
C

C
4
--

--
.Q

.
A

h3
 C

IX
C

IN
, 

J
.K

.,
 “

F
X

P
E

R
IM

E
N

T
S

 W
I

T
H

 T
H

E
 M 

h 
h( 

T
R

E
E

-
R

C
C

C
~

_
,,

_
,_

--
_

-_
_

_
_

_
,_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

_
--

_
-

*J
fL

S
S

O
N

, 
N

.
J

.
,

 ”
I/C

C
53

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

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

D
C

C
C

’ - 
-

-
-L

Q
I 

S
T

IC
S

,
IN

T
F

R
4
C

T
IV

E
,

A
hr

) 
IJ

N
A

IC
E

C
 
M

F
T

K
I’
X

 
F’

IR
 

S
T)

LV
IN

G
 

A
U

O
C

5
 3

-
,
-

FN
ZP

 .
2
2
4
R

,
cP

P
IN

G
 1

5
6

8
, 

P
R

O
F

. 
C

. 
E

S
T

Q
IY

.
J

S
E

S
 A

N
 X

D
S

‘4 
0 

c 
c 

6
-
-
-
-
-
-
-
-
-
-
1
-
-
-
-
-
-
-
-

jC
+&

A
Q

C
Z

,
 R

.
M

.
,

 S
U

R
G

E
a.

, 
J
.F

.,
 A

N
D

M
O

C
C

 1
-
c
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

P
(G

C
04
-
-
-
-
-
-
_
I
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
w

e
M

C
C

C
-t

B
R

Y
A

N
,

G
LE

Y
N

 L
.

,
n

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_
_
_
l
_
_
_
_
l
_
_
_
_

C
O

C
O

l -
 
- 

- 
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

--
e

-
-
-
w

O
EN

O
Q

A
L

 :
9’

JC
H

A
N

A
N

. 
9
..

tJ
C

C
5
5
--

--
F?

 
A

S
S

fl
C

I4
T

F
S

,
C

A
-6

6
0
6
-O

ll
l,

 J
U

N
E

 2
, 

l”
5
+

. 
H

A
S

 C
Q

A
M

kl
A

FS
,

‘J
O

05
 O

C
F

 C
C

M
P

IC
E

R
S

”,
~

c
c

c
=

--
--

\c
.

lS
t7

 
Q

E
P

O
R

T
 

FQ
C

M
 

C
O

M
P

U
TE

Q
 

4S
S

3C
IA

T
E

S
 C

N
a

-
-

3
,

 P
bR

C
H

 1
9
7
0
, 

P
C

.
 l4

l-
1
4
6
.

G
PV

E
 

A
 

S
U

Q
V

E
Y

 A
&

O
U

T
 T

H
E

M
C

C
C

?
-
-
-
-
-
-
-
-
-
-
e

-
e

C
Q

L
E

N
B

E
R

G
E

R
, 

P
R

O
F

.
 F 

R
fD

, 
“P

R
C

IG
R

A
M

M
O

C
O

l
,,

,G
L

E
,

 J
.

R
.

 A
b

0
tiU

R
S

K
Y

,
 

P
. 

“
F

X
P

F
P

.
k
IT

H
 4

 M
U

L
T

I-
P

U
R

P
O

S
E

u
c
c
c
i
-
-
h

,
G

LF
IZ

’h
 

L
.,

” 
S

T
L

D
E

N
T

-T
O

-S
T

U
D

E
\T

 I
L

IT
E

P
4
T

I0
z
J

 I
N

 
C

C
M

P
U

TF
R

“
0
0
0 -

-
_

-
-

-
-

-
I

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
“H

I 
TE

, 
C

.H
.,

 
”

‘C
C

C
* -

--
L

A
G

L
E

,
 J

.
Q

.
A

h!
l 

i)
Ix

C
h

, 
J
.K

.r
 

“‘
X

P
F

Q
T

M
E

N
T

F
 

k
IT

ti
 

TH
E

 
M 

F, 
N

-
-

-
p
o
c
o
5

l
w

p
-
-
-

S
S

O
N

, 
U

.J
.,

” 
S

E
A

R
C

H
I

N
G

 P
R

O
H

LE
M

 S
O

l.V
I’,

G
 A

Y
D

 G
A

M
E

 P
L

A
Y

!h
G

-
-
w
-

 
l

C
IS

C
U

S
S

F
S

 
4I

IL
S

S
C

N
’S

 
A

R
Pr

jW
i 

“E
Tt

-t3
C

 
F3

R
 

S
E

A
R

C
rl

IY
G

 
A

N
o-

C
R

‘lC
C

C
f

W
C

C
C

’-
--

E
P

!?
aT

 
C

F
 

1
1
7
, 

J
r&

. 
l9

7
C

.
h’

Jc
JF

Q
IC

4
 A

V
P

LY
S

 I
S

,
R

C
IJ

N
P

O
FF

,
FC

 
TV

 
A

 
Cr

)lJ
Q

.S
E

 
IN

 
P

Q
C

G
R

A
C

”I
U

C
.

s
-d

 -
TM

5
 

S
Ti

J?
F%

TS
 

LE
A

R
N

EC
!

 
7H

E
u

c
c
1
c
,,
,

SC
fii

kE
 T

C
A

N
, 

Lc
. 

12
. 

,
“U

S
E

 C
F

 4 
PF

IY
G

TE
 C

O
’:S

O
LE

 S
Y

S
TE

M
 O

N
 A

YC
C

r7
7
-
e
-
-
-
s
-
-
-
-

G
Q

llE
,\4

”Q
’;

E
R

,
P

Q
?

F
. 

F
R

E
D

, 
“P

P
g

r,
Q

A
”

 
rE

S
T

lh
G

 
4N

’3
u

c
c
C

r
-_

--
-_

_
_
_
_
_
_
_
_
_
--

--
--

--
--

--
--

--
--

--
-_

F
E

Y
IG

h
E

L
,

 
k
.R

.,
h’

r:
C

f 
f -

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

‘lC
C

G
7

4
7
”
.

--
w

--
 ~

‘Z
N

G
Q

. 
2
2
5
4
, 

S
Q

R
Ih

G
 
~

S
‘J

?,
 P

R
O

F
.

 G
. 

Z
S

T
Q

I’
I.

‘J
SC

S
 

AI
J

w 
c 

c 
‘1 

5
ii,

 c
 =

 =
--

-3
~

r
~

T
-X

r
~

~
iS

T
-‘

--
-

F
iY

lC
k
fL

,
 Q

.R
.,

 k
S

?
L

f”
,3

11
Jw

,
 J

.,
 A

N
D

a
-
-

“
A

 
t-i

A
R

bW
A

Q
E

-S
fif

-T
W

A
Q

F
 

E
”\

JL
;,

-‘
Q

 
Ff

Q
 

TH
F 

!B
q

i.c
c

 5
 3

--
,-

.
2
2
5
8
,

S
i’
4
Ih

c
 

1
’3

6
4
, 

P
Q

O
F.

 
G

. 
E

S
T

Q
I\

.
JS

E
S

 
@

I 
X3

.5
 

5 
IC

”‘
A

“
IC

Y
lF

,
 

G
.,

 
F

L
F

Y
IN

G
,

 
J
.G

.,
 

@
L

O
F

IE
L

D
,

 J
.

V
.

,
 “A

 
C

O
M

P
A

R
IS

Q 
00

03
“‘

I 
fJ

I-
Y

A
X

 M
E

T
H

O
D

 d
H

IC
+

 A
kA

Q
D

S
 l

.?
CN

US
 E

S
 F

O
R

 M
LJ

LT
 I

P
L

E
 S

lt
C

,,
M

O
O

O
4

“U
Q

T
U

N
, 

K
E

N
T

,
“

T
H

E
 V

A
L

U
E

 O
F

 T
H

E
 C

C
M

P
U

TE
R

 A
S

 A
 P

U
P

IL
”

,
M

O
O

08
F

rl
JL

T
fP

L
E

,
A

 O
Y

N
A

M
IC

 
O

R
D

E
R

IN
G

,
B

R
E

A
C

T
F

-F
IR

S
T

 
S

E
A

R
C

H
IN

G
-M

O
O

0
1

N
A

T
U

R
A

L
 

L
A

N
G

U
A

G
E

 I
N

F
E

R
E

F
!C

E
”,

 C
A

C
P

, 
V

C
L

.1
3
,

 N
fl

. 
3
,

M
AP

I,
M

O
O

0
6

Y
E

b
Jt

L
L

, 
A

.
” 

hE
U

R
 I

S
T

IC
 

S
E

A
R

C
H

:
IL

L
-S

T
R

U
C

T
E

R
E

D
 P

P
O

@
L

E
M

S
,,
R

0
0
0
4

M
L

S
S

O
N

,
 N

.
 J

.,
” 

S
E

A
R

C
H

IN
G

 P
R

O
@

LF
M

 S
O

L
V

th
C

 A
N

D
 G

A
PE

 P
L

,,
R

O
O

O
S

N
U

M
F

R
IC

A
 

A
N

A
L

Y
S

IS
,

P
D

U
N

D
O

F
F

,
TQ

 U
N

C
A

 T
 I

 O
h.

-
e
-
m

u
O

O
56

C
P

T
IY

IZ
A

T
IC

N
.

 
_

_
~

~
-
~

~
,
~

-
-
~

,
~

~
~

~
,
-
-
U

o
o

5
5

C
R

U
ER

 I
N

G
, 

R
R

 E
A

D
T

H
-F

 I
R

 S
T

S
E

A
R

C
H

IN
G

 A
L

G
C

R
IT

H
M

 W
H

IC
H

 U
S

E
--

M
0
0
0
1

P
P

O
S

LE
M

 S
O

L
V

IY
G

 A
N

D
 G

A
M

E
 P

L
A

Y
IN

G
 T

R
E

E
S

Fn
R

 M
 I

N
 IP

(A
L

 C
O

-P
 0

0
0

5
P

R
O

G
R

A
M

M
IN

G
”

, 
C

A
C

M
, 

V
C

L
.

1
3
, 

N
C

.
 3

,
 P

A
R

C
H

 1
9

7
0

,
 P

G
.

 1
4
-M

O
0
0
5

P
Q

C
IT

O
S

Y
N

TH
E

X
 

I 
I 

I.
-
-
-
-
-
-
-
-
-
-
-
-
-
-
m

-
-
-
w

-
-
c

M
O

O
06

PU
P1

 L
”,

 A
R

T
IC

L
E

O
N

 E
C

U
C

A
T

IO
N

 Ih
 M

A
F

C
H

, 
1

9
7

0
, 

C
&

A
, 

P
.Z

-M
O

0
0
8

Q
I!E

S
T

 
IO

N
-A

N
S

W
E

R
E

R
 

F
O

P
 

N
A

T
U

R
A

L
 

L
A

N
G

U
A

G
E

 I
N

F
E

P
E

N
C

f 
“
, 

C
A

C
-M

O
O

0
6

Q
EM

TJ
TF

 
C

C
N

S
O

L
E

 
S

Y
S

T
E

C
 

O
N

 
A

 
U

N
IV

E
R

S
IT

Y
 

C
A

M
P

U
S

”
, 

A
R

T
IC

L
--

M
O

0
1
0

~O
U

?~
D

D
FF

, 
T

R
U

N
C

A
T

IO
N

.
-
-
-
w

-
-
-
w

-
-
-
-
-
-
-
I
_

-
-
-

U
O

0
5

6
S

C
H

H
A

Q
C

Z,
 Q

.M
.,

 
B

U
R

G
E

R
, 

J
.F

.,
 A

N
D

 S
IM

M
O

N
S

, 
R

.F
.,

 “
A

 D
E

M
O

O
06

S
C

H
W

F
T

Y
A

N
, 

H
.D

.,
“

U
S

E
 O

F
 A

 R
E

M
O

T
E

 C
C

hS
C

LE
 S

Y
S

T
E

W
 O

N
 A

 -
--

M
O

O
lO

S 
E

A
Q

C
H

:
IL

L
-S

T
R

U
C

T
E

R
E

C
 P

R
O

B
L

E
M

S
”,

 P
R

O
G

R
E

S
S

I
N

 O
P

E
R

A
T

I,
,R

0
0

0
4

S
E

A
R

C
H

IN
G

 
P

R
O

G
R

A
M

”
, 

C
A

C
M

, 
V

O
L

. 
1

3
, 

K
C

. 
3

, 
M

A
R

C
H

 
1

9
7

0
,

M
O

0
0

4
S

E
A

R
C

H
IN

G
 P

R
O

S
LE

M
 S

O
L

V
IN

G
 A

N
0

 G
A

M
E

 P
L

A
Y

IN
G

 T
R

E
E

S
 F

O
R

 =
R

O
O

O
S

S
E

S
A

R
, 

D
E

N
N

IS
,

“A
 

H
A

R
C

W
A

R
E

-S
O

F
T

W
A

R
E

 
E

M
U

L
A

T
O

R
 

F
O

R
 

T
H

E
 
l-

U
0
0
5
3

S
H

O
R

T
E

S
T

 
R

O
U

T
E

 P
Q

O
B

L
E

M
”,

 M
A

C
H

IN
E

 Ih
T

E
.L

L
IG

E
F

tC
E

 3
, 

C
D

I 
N

RO
O

O
 3

S
IG

M
A

 
7

 
A

S
 

E
M

U
L

A
T

O
R

.
m

-
-
-
-
-
-
-
s

-u
o

o
5

3
a

-
-
-
-
-
-
-

S
IM

Y
O

N
S

,
 R

.
F

.
,

 “
A

 O
E

O
L

C
T

IV
E

Q
U

E
S

T
IO

N
-E

R
E

R
 F

O
R

 N
A

--
p

1
0
0
0
6

S
L

A
G

L
E

,
 

J
.

R
.

 
A

N
D

 O
lJ

R
S

K
Y

, 
P

.
 “

E
X

P
E

R
. 

W
I

T
H

 A
 M

U
L

T
I-

P
U

R
P

-M
O

O
0
1

S
L

A
G

L
E

, 
J

.
 R
.

A
N

D
 D

IX
O

K
, 

J
.K

.,
“

E
X

P
E

R
IM

E
N

T
S

 
W

IT
H

 
T

H
E

 H
 -

-M
O

O
0
4

S
T

U
D

E
N

T
-T

O
-S

T
U

D
E

N
T

 IN
T

E
R

A
T

IO
N

 I
N

 C
O

P
P

U
TE

R
 T

IM
E

-
S

H
A

R
E

-M
O

0
0

7
S

U
T

H
E

R
L

A
N

D
, 

G
.,

 F
E

IG
E

\B
A

U
”,

 E
. 
4
..

* 
I- 

E
U

R
 IS

T
 I

C
 D

E
N

O
R

A
L

R
O

O
O

L
S

Y
N

TA
X

A
N

A
LY

E
I 

S
,

LE
X

TC
A

L
 

A
N

A
L

Y
S

IS
, 

D
E

F
IN

IT
IO

N
A

L
 F

A
C

I,
L

~
~

.J
0
0
5
5

S
Y

N
T

A
X

 
A

N
A

L
Y

S
IS

. 
N

’l
 N

C
. 

O
R

 I
N

C
E

X
.

-
- -
-
-
-
-
-
m

-
e

-
-

U
O

O
58

TE
A

C
q

 S
Y

S
T

E
M

, 
U

S
E

9
 T

O
 A

 C
C

U
P

S
E

 IN
 P

P
C

G
R

A
IM

IN
G

.
T

H
E

 S
T

-M
O

0
0
5

T
E

S
T

 I
N

G
 A

N
D

 V
 A

L1
 D

A
T 

IN
C

”,
O

A
TA

M
A

T
 I

O
N

, 
J

U
L

Y
 1

9
6

8
.

G
 I 

VE
 -
H

O
0
0
3

T
H

E
O

R
E

M
 

P
R

G
V

IN
G

 
H

E
U

R
I 

S
T

IC
 

P
R

O
G

R
A

M
”,

 
J

O
U

R
. 

A
C

M
, 

V
O

L
 

1
5

,
M

O
O

0 
1

T 
IW

E
-

S
hA

P
E

D
 

S
Y

S
T

E
M

”
, 

C
&

A
, 

M
A

R
C

H
, 

1
9

7
0

, 
P

. 
1

8
.

-
-

 
M

O
00

7
-
-
m

-
w

T
IM

E
-S

H
A

R
IN

G
 

S
E

R
V

IC
E

S
”

, 
M

O
D

ER
N

 D
A

T
A

, 
F

E
B

. 
1

9
7

0
,

P
G

.6
6

M
O

00
2

TF
 E

C_
-

S
E

A
R

C
’iI

N
G

 
P

R
O

G
R

A
M

”
,

 C
A

C
M

,
 V

C
L

. 
1

3
, 

N
O

. 
3

, 
M

A
R

C
T

-M
O

O
U

L
TP

E
E

S
FC

’R
 

M
I

N
I

M
A

L
 C

O
S

T
 S

I~
L

U
T

IO
N

S
”,

 P
R

O
C

E
D

. 
IF

IP
 6

R
 C

O
Q 

0
0

0
5

T
R

F
E

S
.

-
-
-
-
_
_
-
-
-
-
-
-
-
-
-
-
L

I
-
-
-
-
-
-
-
-
-

--
=

0
0
0

 5
-
-
-
-
I

TQ
\J

N
C

A
T

 I
O

N
.

_
_

_
_

_
_

 -
_
_
-

 _
_

_
_

 -
--

 _
_
_
_
_
I
v
--

,-
--

U
0
0
5
6

U
N

C
L

 
L

A
N

G
U

A
G

E
.

-
-
-
-
1
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
I
-

M
O

O
05

U
N

IV
E

R
S

IT
Y

 C
A

M
P

U
S

”
,

A
R

T
IC

L
t

 O
N

 E
D

L
C

A
T

IO
N

 I
N

 M
A

R
C

H
, 
1
9
-“

0
0
1
0

V
A

L
ID

A
T

IN
G

”
,

O
A

TA
M

bT
 I

C
N

, 
J

U
L

Y
 

1
9

6
8

.
G

IV
E

S
 A

 G
C

Q
D

 S
U

R
,,,

Y
O

O
O

3
w

E
IZ

E
N

3A
lJ

M
,

 J
.,

 A
N

D
 Y

C
C

H
E

L
S

O
N

, 
J

.C
.,

 
“

A
 

P
R

O
G

R
A

M
TO

 T
E

M
O

O
05

id
H

If
t,

 
C

.
H

.
,

” 
T 

IM
E

-S
 h

A
R

 I
N

G
 S

E
R

V
IC

E
S

”
, 

M
O

D
ER

N
 D

A
T

A
, 

F
E

Z
”
0

0
0

2
XO

S
 S

I
G

M
A

 7
 A

S
 F

V
U

L
A

T
C

P
.

-
-
I
-
-
-
-
-
-
-
-
-
-
c
_
-
-
-
-
-
-

U
O

G
53

 
*

Y
C

C
H

E
L

S
fi

N
, 

J 
.C

 
.,

 
“4

 
PR

PG
Q

A
M

TC
 T

E
A

C
H

 P
K

C
G

R
A

H
M

IL
G

”,
 C

A
-M

O
C

O
F

;
3
6
0
”
.

F
Y

G
P

. 
2
2
5
R

,
F

P
Q

IY
C

, 
1
9
6
8
, 

P
R

O
F

. 
G

. 
F

S
T

R
IN

.
U

S
E

S
-U

O
F

5
3

7
 A

S
 F

M
U

LA
TG

R
.

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

-
-

u
o

c5
3

F
ig

u
r

e
 

3
.

S
a

m
p

le
 

C
a

te
g

o
ry

 
M

o
d

e
 

A
C

C
E

S
S

 
O

u
tp

u
t 

(S
h

e
e

t 
5

 
o

f 
5

)



~C
C

liS
S

 I
-!

V
C

fn
E

. 
. 

. 
. 

. 
. 

. 
. 

.

C
C

C
C

C
I

c
c
c
c
c
3

C
C

-O
f 

06

cc
o

co
7

r.
00

00
’)

r-
c 

o
(‘
o
o

C
C

0
9
1
1

r
o
o
o

 1
2

C
C

0
0
1
3

C 
A

TE
G

O
Q

V
A

 
f 

C 
I= 

C 
S 

1 
n 

tl
E

N
T

R
Y

C
O

D
E

S
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

.
. 

. 
. 

. 
. 

. 
. 

.

&
F
=
L
r
(
C
 4
%
 C

, 
x
,v

,*
c
n

!
 

n
IF

F
E

R
F

”
rC

5
 

S
C

H
E

M
E

S
 

F
W

 
rY

P
E

Q
C

Ir
L

fC
-E

~:
IJ

aT
IO

~l
S

 
k
IT

H
c

! 
j
C
?
"
:
T
r
f
!
t
J
C
!
i
c

 
I’
,I
T

~
~

L
-V

~
L

~
IF

S
.*

 
U

P
P

S
A

LL
 

U
. 

C
O

~
P

.S
C

I.
O

F
P

T
.*

R
P

T
.5

.*
1
~

~
7
.

4C
 

5
%

 
:?

F
, 

p
.‘

J
, 

u’
?@

R
E

,
S

.H
.*

A
N

 E
X

T
E

P
S

I’J
Y

 P
F

 T
H

E
 h
E

w
T

C
h

-K
A

N
T

G
W

V
IC

H
h’

cT
’+

?”
 

F3
Q

 
C

’-
L

’.
‘l
r;

 
E

lr
?

kL
T

F
;E

A
R

-E
Q

!I
A

T
In

iv
S

.*
 

kl
S

C
’-

W
S

fF
.

 
It

. 
W

A
T

H
.R

E
S

.
 

C
E

h
T

E
R

.+
C

IC
T

iC
li
.

=l
.fJ

’+
hl

- 
v 

iF
’.

 
5
2
C

.*
l9

6
5
.

A
F:

nF
“

 F
C

L!
. 

h;
. 

S
.

 Q
f%

F
h

;F
E

L
’)

,
4

.
 

S
tM

’-
‘l
S

O
N

, 
N

.F
.*

 
P

A
fT

E
n

rJ
-Q

F
C

o
G

~
IT

I~
~

:l
.

 
A

(-‘
)“P

l!T
EQ

 p
zi7

rr
 1

”
rO

c
 G

t-
N

E
R

aT
IN

i;
 F

Y
rr

T
H

E
tl

C
-P

r\
T

T
E

R
h

rZ
.*

 M
A

R
Y

L
A

N
D

 U
. 

C
O

M
P

.S
C

I.
Crr

�,
TF
� 
l 
*

fC
-b

L-
9.

61
C

64
,

¶P
P

 r
T-

*
w

.A
.*

S
t’

Y
E

 
T

Y
E

”F
E

T
tC

IL
 

A
P

P
Q

rA
C

H
F

S
 

TO
 

N
E

R
V

O
U

S
-S

Y
S

T
E

Y
 

F
U

N
C

T
IO

N
.”

h
F

IJ
R

”
T

.V
~

F
R

’~
~

r’
!r

c
*

 
C

’.
 

‘J
.

E
.E

.D
E

P
T

.*
 1

9
6

7
.

F
1
3
L

7
F

?
*

~
.Y

.*
S

T
I!

“
IF

S
 

C
n

N
C

F
~N

fN
C

 
M

IY
IY

A
L

 
T

I’
IF

 
S

C
L

U
T

Ilr
h

S
 

T?
TL

df
 

rj
r.

!w
-C

:U
a
r:

~Y
N

C
t~

R
C

kI
Z

A
T

IO
N

 P
R

O
S

L
E

M
.*

 C
A

P
N

fC
IE

 I
N

S
T

.
 O

F
 lE

C
Y

N
O

C
O

G
Y

.*
:9

h
A

.

fC
F

C
K

C
e
!

 
* 

C
.V

.
* 

P
L

A
Y

A
P

-k
E

%
F

S
E

N
T

A
T

 I
C

Y
S

 O
F

 
C

O
M

P
LE

X
 G

R
A

P
Y

S
.*

 M
.

I
.

T
.

I. 
1 !

LC
l- 

L’
!

L
fi

n
.*

:‘
.‘
I.

lO
A

7
-1

*
1
4
3
6
7
.

d
F

- 
IS

, 
“
.A

.
c
.I
v
F

’n
N

, 
Y

.*
C

O
N

T
C

IR
U

~
IC

N
S

 T
O

 
TH

E
 

TH
E

C
R

Y
 

t?
F 

A
LC

E
E

R
A

S
C

,T
’S

l 
I)F

G
FC

?S
 
iI

IT
C

X
A

fA
.*

 S
T

.
 

!I
. 

E
.E

.n
E

P
T

.*
 

1’
36

7.

F
ig

u
r

e
 

4
.

S
a

m
p

le
 

N
o

 
C

a
te

g
o

ry
 

M
o

d
e

 
A

C
C

E
S

S
 

O
u

tp
u

t 
(S

h
e

e
t 

1
 

o
f 

4
)



A
T

C
F

S
S

 I
S

V
ro

n
li

.
 
.
 
.
 
.
 
.
 
l 
.
 
.
 
.

!-
C

O
C

lR

C
O

O
5
1
9

c
0
0
0
2
0

c
c

0
0

2
 1

c
c
0
0
2
2

C
 r

(T
E

G
fl

P
Y

i
i
(
-
c

f
c

S
f
n

N
F

N
T

Q
Y

W
O

F
S

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
..

*.
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

..
..

.
. 

. 
. 

. 
. 

. 
. 

.
jT

. 
Il

.
t‘

.E
.r

C
o

T
.*

lc
,6

7
.

3
4
Y

F
Q

*
;.

+
A

l)
T

C
M

?
C

n
4
[5

U
 T

JJ
?T

J”
S

 A
N

D
 ~

U
I?

T
IF

~
T

F
 O

F
 

S
TQ

O
N

G
LY

C
rl

%
h

!f
C

 
T

F
l)

 
A

U
V

J
~

!i
T

4
a
tr

 M
C

’ 
b

n
!c

-P
L

 ;
F

+
ia

S
.*

 I
L

L
 IN

O
 I
I.

 C
O

Y
P

 .
S

C
I 

.3
?

P
T

.*
R

P
r
.

Z
r
)‘

.*
ls

h
h

.

i

F
ig

u
r

e
 

4
.

S
a

m
p

le
 iJ

o 
C

a
te

g
o

ry
 M

o
d

e
 A

C
C

E
S

S
 O

u
tp

u
t 

(S
h

e
e

t 
2

 o
f 

;O
*



r
(
F

Y
.
i
7
C

C
L

lS
T

It
l’
G

.
 

.
 

.
 

.
 

.
.

*
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

.
.

1
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_
_
_
_
_
_
_
_
_
_
_
_
_
_
I
_
_
_
_
_
-
-
-
-
-
-
-
-

L
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

c
-
-
-
-
-
-
-
-
-
-
-
-
_
_
-
-
-
-
-
-
_
_
_
_
_
_
^

A
=

@
IP

r
 
M

.4
. 

G
!V

F
*l

)h
,

 Y
.

1
4R

B
I.3

,
 

M
.5

. 
s!

\/=
‘~

‘“
J,

.7
-<

S
r
A

h
C

A
R

”j
 

E
js

@
lJ

.
Y

. 
*C

?
\T

Q
 

1
?~

T
If

lk
S

 
T

I]
 

Tc
tF

 
T

v
E

”Q
v

*:
iI

;Q
K

(f
h

r,
C

”‘
T

U
M

F
K

T
 

C
f?

W
L

sP
E

C
 !

=
IC

.A
?

!f
lh

e _
.-

_
_

_
_

_
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~

-
-
-
-
-
-
-
-
-
-
-
-

f
-
-
-
-
-
_

_
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_

_
_

_
_

_
_

_
_

_
I_

_
_

_
_

_
_

_
-
-
-

E

P cl= 5”

c
c
c
c
1
;
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
^

-
-
-
-
I-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_

_
_

_
_

_
_

_
_

_
_

_
_

_
_

y
II

I_
-
-
-
-
-
-
-

LO
O

0 
1 

i
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

C
C

C
C

IE
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

o
o

o
i)

 1
 f-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
O

C
C

O
14

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
I
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~

-
-
-
-
-
-
-
-

C
C

C
’)

I’
-

-
-

-
-

-
-

-
-

-
-

-
-

-
I

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
~

-
-

-
-

-
-

-
-

-
-

0 
C

C
C

??
s
c
c
c

 1
c

--
-

4U
T

C
%

R
P

H
IS

M
 

G
P(

7U
PS

 
Az

\lc
 

‘?
ilC

fl
E

Y
T

S
 

Cl
F 

S
T

9c
N

C
L

v
 

C 
Yt

 
Y

E
: 

TF
c

I
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

A
Q

91
9,

 
k
’.
A

. 
C

IV
C

’D
Y

,
 Y

.
 

* 
A

LG
E

R
R

A
0
0
0
0
2
c
e
m

-
-

9
iY

E
9

,
S

.o
rQ

 
F~

c;
1M

O
Q

P
t’I

 
S

M
S

 
A

Y
3

 
C

C
N

G
Q

U
E

N
C

E
S

 
G

F
3
o
c
c

 1
 I
-
,

*C
C

’.
T

”!
S

L
?

!C
k
S

Tp
 

TC
iF

 
W

E
C

R
Y

 
rF

 
A

LC
E

P
R

4S
TO

%
5 

I 
D

EF
 E

C,
A 

‘i
C

O
C

O
7
l
-B

P
Y

E
Q

,
3 
l 

*
Tr
j
r
 

&*
jTT

;�f
lly

,qP
�4f
 

c 
*

;R
C

!J
F

 S
F

 
A

 
S

TQ
O

’IG
LV

 C
 3

N
Y

E
C

 T
E

D
(J

C
C

fl
lC

--
--

--
--

 -
-

-
-

-
-

-
 -

 -
-

-
-

-
 -

 -
-

-
-

-
-

 u
-
-
-
-
-
-
-
-

 -
-
-
-
I
_
-
-

o
co

o
12

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_
_
_
_
_
_
_
_
_
_
_
L

_
_
_
_
_
_
_
_
-
-
-
-
-
-
-
-
-

c 
c 

0 
0 

c 
c:

-
-

- -
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_
-
-
-
-
-
-
-
-
-
-
-

c 
cc

c3
7
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_
_
_
_
_
_
_
_
I
_
_
_
_
_
_
-
-
-
-

c 
n

o
n

?
0
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
_
L

I_
-
-
-
-
-
-
-
-
-
-
-

3c
co

2
 1

AF
cL

H(
PM

<,
 

P.
* 

L
lS

P
-2

 L
A

N
G

U
A

G
E

 S
P

E
C

IF
IC

L
T

IT
IN

S
.*

 S
y
S

T
E

M
,-

0
0
0
0
0
3

A
C

’I:
C

 (
C

.*
$
r:

A
L

fG
 

C
C

M
P

lJ
T

4T
10

N
 

W
IT

J-
 

R
A

N
J’

O
~

 
“!

JL
S

F
 

S
E

C
’u

E
N

C
-3

0
0
C

O
l

A
LG

ER
Q

A
 A

\J
Tc

M
A

TA
 I

!:
 T

H
F

 
C

A
T

E
G

O
R

I
C

A
L

FG
 A

w
E

h0
P

.K
FD

R
 

0
,,
0
0
0
0
1
9

A
LG

Fa
R

4S
C

O
N

S 
Ii

if
Q

E
G

A
S

 A
U

T
O

M
A

T
A

.*
 S

T
. 

LJ
. 
F

.E
.D

E
p

T
.*

 ~
~

0
0

0
0

1
1

-
-

4Y
FQ

. 
IC

A
b

ST
AN

DA
SD

S
 

A
S

S
’N

.*
 

1
9
6
5
.

w
-
-
-
-
-
-
-
-
I
I
_

0
0

0
0

0
2

A
Y

E
p

IC
A

h
 

S
TA

lr
:D

4P
cS

 
A

S
S

*N
.*

W
R

K
?

N
G

 
D

C
!C

U
”E

hT
 

C
D

B
C

L
S

P
E

C
~

0
0

0
0

0
2

A
N

n
E

R
S

cN
, 

h
.S

. 
R

D
S

C
F’

FE
LD

,
 A

.
 

S
IM

E
N

S
O

N
,

 
N

.F
.*

 
P

A
T

T
F

R
N

-R
--

O
0
0
0
0
6

A
’;

$
 E

l
 

P
N

E
, 

0
. 

M
.

Y
(“

)R
E

, 
R

.H
.*

A
N

 
E

X
T

E
N

S
If

lh
 

O
f

-
 T
rf

F
 N

W
O

N
--

-:
0

0
0

0
0

5
4P

F1
 (

(Q
A

h’
s,

M
.Y

.*
7

N
 

D
IF

F
E

R
E

N
C

E
 S

C
H

E
lv

E
S

 F
cQ

 H
Y

p
F

p
W

L
fC

-E
--

0
0
0
0
0
4

A
P

P
L

IF
D

 L
@

G
IC

 C
O

Q
p

,*
 

1
9

6
7

.
-

-
-

-
-

-
P

-
-

-
I

-
-

-
-

-
0

0
0

0
0

7
A

P
P

L
IE

D
 

L
C

G
IC

 C
cQ

p
.*

S
E

M
I-

A
N

N
U

A
L

 R
E

P
C

R
T

; 
C

T
R

-A
ID

E
D

 
S

E
M

I-
0

0
0

0
0

7
A

ct
!?

 ~
3,

 “
.

A
.

* 
S

E
L

F
-R

E
P

R
O

D
U

C
IN

G
-A

U
T

O
Y

A
fA

:S
3N

F
 

IM
P

L
IC

A
T

I~
~

O
O

O
O

lR
-

-
A

F 
h

i9
1

‘J
.A

.*
N

C
T

E
C

 q
Y

 A
 P

A
R

T
IA

L
 S

U
R

V
E

Y
 O

F
 C

Y
P

E
R

N
E

T
IC

S
 

1
~

0
0

0
0

1
7

A
R

E
!H

,
M

.A
.*

S
O

M
F

 T
H

F
O

Q
F

T
IC

A
L

 A
P

P
R

O
A

C
H

E
S

 T
D

 h
F

R
V

f’
U

S
-S

V
S

~
O

O
O

O
O

P
A

R
B

!R
, 

M
.A

. 
G

IV
E

’c
N

,
 V

.
* 

A
L

G
E

B
R

A
 A

U
T

O
M

A
T

A
 I

I:
 T

H
E

 C
A

T
-0

0
0

0
1

9
4R

F
I 

8
, 

M
. 

A
. 

G
IV

E
’C

JN
,

Y
.*

C
O

N
T

R
It

3U
T

ID
h

S
 T

D
 T

H
E

 T
H

E
O

R
Y

 O
F

~
O

O
O

o
ll

A
P

P
IH

, 
L

.A
. 

K
A

H
N

, 
R

.H
.*

A
 

O
E

V
FL

O
P

H
E

hT
A

L
 

t’C
3E

C
C

F
 

1N
FO

R
~

0
0
0
0
1
3

A
Q

P
Iq

,
 

M
.A

. 
K

A
H

N
,

Q 
.M

 .
*A

 C
Y

B
E

R
N

E
T

 I
C

 A
P

P
R

O
A

C
H

 T
p

 M
E

N
T

A
L

--
0

0
0

0
1

6
A

R
b

!?
L

c,
L

.*
O

N
 T

hE
 

A
S

Y
M

P
T

O
T

IC
 D

IS
T

R
IB

U
T

IC
h

 O
F 

T
H

E
 E

IG
E

N
0

0
0

0
 1

4
A

T
K

IN
S

’
O

.E
.*

T
H

E
 T

H
E

O
R

Y
 O

F
 IM

P
L

F
Y

E
N

T
A

T
IC

N
 O

F
 S

R
T

 D
IV

if
~

0
0
0
0
1
3

A
U

Tc
M

A
TA

A
N

D
 Y

U
Y

A
D

IC
-A

L
G

F
B

R
A

S
.*

 I
L

L
IN

O
IS

 U
. 

C
O

K
’P

.S
C

I.
,,
O

O
O

O
Z

Z
A

U
TO

M
A

T 
A

 I
 I

 :
T

H
E

 
C

A
T

E
G

O
R

IC
A

L
FR

A
M

E
W

O
R

K
F

O
R

 
D

Y
N

A
M

IC
 A

--
0

0
0

0
1

9
A

u
T

C
M

A
T

A
.*

 R
nE

 I
N

G
S

C
 I

 .R
 E

S
.L

A
@

S
.+

M
A

T
H

.
 N

O
TE

 4
9

7
.*

1
9

6
7

.,
-0

0
0

0
2

0
4U

T
O

M
A

T
A

.e
 S

T
.

 U
.

 S
.E

.D
E

p
T

.*
 1

9
6
1
.

-
-
v
-
-
-
-
-
w

A
lJ

T1
JM

A
TO

N
 A

N
O

IT
S

 4
1J

O
T

IE
N

T
 A

U
T

O
M

A
T

A
.

*
 IL

L
!Y

D
lS

 U
.

 C
O

M
P

.
0

0
0

0
1

 I
0

0
0

0
2

 1
B

A
FC

K
E

R
 ,

 R
. 

Y
.

* 
P

L
A

N
A

R
-R

E
P

R
E

S
E

N
T

A
T

IO
N

S
 

O
F

 C
C

M
P

LE
X

 G
R

A
P

~
O

0
0
0
1
0

@
A

LI
JE

V,
A

.N
.*

T
H

R
E

E
 

P
A

P
E

R
S

 
O

N
 

C
H

A
P

L
Y

G
IN

-M
E

T
H

O
D

S
 

A
N

D
 N

O
~

O
O

O
O

l2
9A

L
Z

E
R

.
R

.M
.*

S
T

U
c
IE

S
 

C
O

N
C

E
R

N
IN

G
 

M
IN

IM
A

L
 T

IN
E

 S
D

L
U

T
ID

N
S

~
O

O
O

O
O

9
8A

Y
F_

a,
 

Q
 

.‘
A

U
T

W
O

R
P

H
I 

SC
n 

G
R

C
IU

PS
 A

N
D

 Q
U

C
T

IF
N

T
S

 O
F 

S
~

R
O

N
G

L
~

0
0
0
0
2
2

R
A

Y
 E

A
.

R
.*

C
N

 E
N

D
IJ

Y
O

R
P

H
IS

H
S

 A
N

D
 C

O
N

G
R

U
E

N
C

E
S

 C
’F

 A
U

T
O

M
A

fA
,,

0
0

0
0

2
0

B
A

Y
F

R
v

R
.*

T
H

E
 A

U
TD

M
O

Q
P

H
t

 S
M

 G
R

O
U

P
 O

F
 A

 S
TR

D
N

G
LV

 C
O

N
N

F
C

T
L

-0
0
0
0
2
1

e?
E

 i
lr

(;
S

C
 

I
 .R

E
S

 .
L

4
B

C
 .
*M

6
T

H
.

 N
O

T
F

 4
S

7
.*

1
=

4
7
.

-
w

-
e
-

0
0

0
0

2
0

C
A

p
N

E
;I

 E
 I

N
S

T
. 

O
F

 T
E

C
H

N
D

LO
G

V
 .
*

1
9
6
6
.
-
-
s

-
-
-
-
-

0
0

0
0

0
9

C
H

A
P

L
Y

G
IN

-M
F

T
lif

lD
S

A
N

D
 N

O
N

L
IN

E
A

R
-F

Q
U

A
T

ID
N

t.
* 

Y
A

R
Y

L
A

N
0

0
0

0
1

2
C

’iI
 ~

a
.*

 S
T

.
U

.
 

E
.E

.D
E

p
T

.*
 1

9
6
7
.

m
--

B
-

0
0

0
0

1
5

v
-

c?
fm

L
S

P
F

C
~

F
IC

A
T

IO
N

S
*

 
A

Y
F

R
IC

A
N

 
S

T
~N

D
A

R
C

S
 

A
s
s
a
d

.*
 

1
9

6
,,

0
0

0
0

0
2

C
Y

R
E

Q
N

E
T

IC
 A

P
pQ

c4
C

H
 T

C
 M

E
N

T
A

L
 D

E
V

E
LO

P
M

E
F!

T.
 !

:T
. 

U
.

 E
.E

.,
-0

0
0
0
1
6

C
Y

F
F

R
N

E
T

IC
S

 
1

9
 

f!
JQ

O
pE

 
A

N
0

 T
H

E
 

U
.S

.S
.R

.*
 
P

.E
.C

. 
R

E
S

E
A

Q
C

,-
0
0
0
0
1
7

c
Iv

!s
Ic

F
!.

*
 

IL
L

!N
O

I:
J

. 
C

O
M

P
.S

C
I.
D

E
P

T
.*

R
P

f.
 

2
3
0
.*

1
9
6
7
.

~
0
0
0
0

 1
3

E
IG

E
N

V
A

L
U

F
S

 O
F

R
A

YD
t?

M
 M

A
T

R
IC

E
S

.*
 W

IS
C

O
N

S
IN

 
U

. 
M

A
T

H
.R

E
-0

0
0
0
1
4

F 
ICC

 IW
-S

Q
U

A
D

S
Y

Y
C

H
R

cN
IZ

A
tI

O
N

 
P

R
O

B
L

E
M

.+
 

C
A

R
N

E
G

IE
 I

N
S

T
.-

0
0

0
0

0
9

S
fV

”
O

N
, 

Y
.

* 
A

L
W

H
R

A
 

A
U

T
O

M
A

T
A

 I
I

:
 T

H
E

 C
4T

E
C

C
p

IC
A

L
 F

R
,-

O
O

O
O

L
9

G
1V

F’
T?

r\
;,

Y
.*

C
n

vT
Q

f’
3U

T
!f

lN
S

 
TD

 
TH

F
 

TH
E

C
R

Y
 

C
= 

A
LG

FB
R

A
S

 
C

~
O

O
O

O
ll

;R
A

”
rl

S
.*

 
M

.I
.T

.
L

I
N

C
C

L
N

 L
A

B
.*

T
.N

.
 1

9
6
7
-1

*1
9
6
7
.

_
0

0
0

0
1

0
H

Y
P

E
Q

q
tL

IC
-F

W
U

A
T

IW
JS

 
cI

T
H

D
IS

C
D

Y
T

IN
U

C
U

S
 

Ih
IT

IA
L

-V
A

L
U

E
S

.-
,0

0
0
0
0
4

IL
I 

1\
11

IS
 

II
.

C
W

P
 .

tC
I

 .
D

E
P

T
.*

R
P

T
.

2
0

4
.*

l”
6

6
.

-
-O

O
O

O
22

!L
L

f’
i:

J
I 

s 
IJ

.
C

o
~

o
.S

C
I

 .
C

E
P

T
.*

R
P

T
.l
9
9
,*

1
9
6
C

.
-

-
-

-
-0

0
3

0
2

1
IL

L
I~

?
!S

C
~

Y
P

.~
C

I.
~

E
P

T
.*

R
P

T
.

 
?

s
s
.*

lQ
b

h
.

-
-
-
m

-
-
v

00
00

0 
1

IL
L

IN
0
Iu

.
C

O
M

P
.S

C
I

 
.D

E
P

T
.*

R
p

T
.

 
2
3
0
.*

1
9
6
7
.

-
-
-
-
_
-
-
-
-
-

3
0

0
0

1
3

IN
F

fJ
Q

~A
T

I~
j~

l-
P

A
D

C
F

S
S

I~
G

~N
 T

H
F

 
C

H
I

L
D

.
*

 
S

T
.

 U
. 
F

.E
.D

E
P

T
.*

-9
0
0
0
1
5

F
ig

u
r

e
 

4
.

S
a

m
p

le
 Id

o
 C

a
te

g
o

r
y

 ll
o

d
e

 
A

C
C

E
S

S
 

O
u

tp
u

t 
(S

h
e

e
t 

3
 

o
f 

4
)



-
 

’

K
E

V
W

r
lY

!-
C

I
S

f
f
Y

G
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

. 
. 

..
#

C
C

C
C

nL
00

C
G

 1
5

--
-

R
F

U
tk

 
SC

J-
EW

E?
G

IL
 

~
~

~
c:

F
~

‘.:
L

!~
-C

C
’.)

~
T

I~
L

!~
 

#
If

H
C

\I
 

jr
G

:.
J

f!
'i
(l

n
L

s
-
-
-
-
-
-
-
-
L

-
-
-
-
-
-
-
-
-
-
-
-
-
-
_
_
_
_
_
_
_
_
_
_
I
_

A
C

d
f8

1
 

F
1.

A
.

f\
O

C
3?

t
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
A

cP
[F

\,
 W

.
A

.
C

C
C

C
C -
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~

-
-
-

4
W

A
H

A
4
S

. 
P

.
 

*
O

C
C

O
 I
f
-
,,

E
C

K
E

R
, 

F
..

v
.

f 
P

C
A

h
A

R
-P

F
F

=
~

S
c~

T
A

~
lC

~
S

 O
F

 
C

C
Y

P
L

E
*

 I
;I

?
A

O
Y

S
.*

C
O

C
rlS

C
N

:t
 .

C
C

M
fU

fF
;1

 P
P

,lC
,R

4u
 C

rF
 t

E
’lc

Q
!l

T
!‘

iG
 

S
Y

N
T

H
E

T
IC

-P
A

T
T

E
R

N
S

.*
cc

C
.2

91
;

--
P

A
P

E
R

S
 

FN
 

C
H

A
P

L
V

r,
lh

.‘
-~

F
~

i~
T

~
f

Ah
!3

 .
sl

rh
lI

ry
cA

Q
-F

:~
lA

?I
c)

~
S

.
 

l

o
c

C
3

1
4

~
H

E
 

4
S

Y
lo

T
n

T
lr

 
r
r
s
m

 
t;

r
ij
T

lr
..

 
-=

 
T

W
F

 
E

IG
E

N
V

A
L

U
tS

 
?

F
Q

A
%

 n
f’

u
f-

‘O
C

C
i?

i
C

rl
C

’l
C

C
--

R
(J

tJ
P

$
A

h
C

 
!?

L
’:

‘f
C

”
‘T

C
 

I-
F
 

qT
Cl

:‘jc
LV

C
C

h
W

C
lE

C
 

A
U

fW
4
T

A
A

N
D

-
-
-
-
-
-
_

-
-
-
-
-
-
-
-
-
-
-
-
_

_
_

_
_

_
_

e
-
-
-
-

A
ii5

E
L

(l
N

E
r

 
B

.M
.

C
C

C
C

C
f

(
‘O

C
O

C
F

-
-
-
-
-
-
-
-
-

4
Q

Q
l9

,
W

.P
. 

.+
S

C
”
f 

T
kf

n
P

E
T

 
IC

A
l 

A
P

P
P

O
A

C
W

S
 

f@

@
c
c
c
c
s
--

*S
O

!‘
F

‘H
E

L
I~

F
~

IC
~

L
 

A
P

o
o

?
A

:!
-‘

E
 

5 
Tn

 
N

sQ
V

rU
S

-S
Y

F
T

=
‘l

 
F

U
Y

C
T

I 
C

r.
-
-
-
w

-
-
w

~h
lt

E
L

O
%

F
, 

P
.K

. 
*
J
C
1
3
F
I

 
P

.H
.*

A
N

 
E

X
T

fh
!j

I3
N

 
DC

 
TH

E
9
0
0
0

 1
2

R
A

L
L

F
V

,
A

.r
l.

*T
U

C
E

’
B

!l
)‘

=
s
=

 
C

”’
 

C
H

A
P

L
Y

Z
rv

-u
c

T
H

~
O

~
C

Z
C

O
O

=
~

-&
C

fE
h

S
IC

N
 

rJ
F 

TL
(F

 
*J

F
W

:C
~-

~C
~!

~?
Q

’?
V

IC
k

m
n

“F
T

H
23

 F
nQ

 S
O

L
V

IN
G

c
c
c
c
1
7

m
o
o
o
r
-

A
Q

T
IA

L
 S

IJ
P

V
~Y

 I
?F

 r
Y

S
F

F
h

=
T

IC
S

 I
”!

 F
U

R
C

P
F

 4
N

D
 ?

tiS
 

U
.

S
.

S
.

R
.

*
e
-
-
-
-
-
-
w

A
Y

IX
Q

S
P

’;
r

 
P 

.5
. 

J
”
S

fh
F

ft
C

,
 A

.
 

S
I~

tF
il

S
~

h
;,

 
N

.F
.*

C
C

C
C

lC
-
-
c
-
I
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

8A
F

C
K

E
kr

 
Q

.U
. 

*
0
0
c0

0
1
-
-
-
u

-
-
-
-
-
-
-

Q
F’

JS
C

,
C 

.*
A

’,
4

1
 rl

G
 C

O
M

P
!t

T
41

13
N

 d
IT

0
 
RP
b!
Df
-b

O
C

C
C

cr
-
-
Y

_
-
-
L

-
-
-
-
-
^

-
-
-
-
-
-
-
_
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
~

-
A

N
C

E
F

SC
N

, 
Y

.S
.

oo
cr

#
1

e
-
-
-
-
-
_
_
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

A
Q
9
1
6
,
 

M
.
A
.
 

*
cc

cc
C

l
-
a

-
-
-
-
-

A
FU

S
O

,
 

C
.*

A
\b

lC
c
- 

C
C

!P
U

T
A

T
Ip

N
 

rj
tT

W
 

Q
A

N
D

D
H

 
PI

11
 

S
f

cc
co

o
c
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
_
-
-
-
-

A
h3

FQ
S

C
F!

,
 N

.
S

.
 R

n
S

E
”!

F
E

lD
,

 A
.

o
o

c
o

c
7
,,

I-
A

N
N

IJ
A

L
 

“E
”D

’?
T

:
 

:T
p

-A
 

?
E

?
 

c
?

“I
-~

U
fG

b
’A

’E
O

 
Y

A
T

tI
E

’4
A

T
IC

 
S

.*
c

c
c

c
c

 @
--

-
A

P
P

R
C

IA
C

H
E

S
TC

 
?

C
E

)I
T

)b
S

-S
V

 
jt

c
u

 
F

It
h

C
T

fC
’N

.
 

h
W

JQ
n

C
Y

b
E

Q
N

E
fI

C
S

*
30

00
1

 l
,-

,
3

4
s

 
T

’l
 

TJ
-C

 
T

U
E

C
X

V
 

rF
 

A
C

G
f?

Q
4
!:

C
O

hl
cI

D
F

Q
E

i!
A

S
 

A
U

T
O

M
A

T
A

.*
3
r
)C

C
l9

-
G

-A
U

T
C

’A
T

4
:t

?
~

F
 I

rP
lI
C

4
T

!C
y
S

 F
?Q

 T
H

E
O

R
E

T
I

C
A

L
a 

II
)lO

G
Y

 .
*

3C
O

O
19

-
A

 I
I

:
TP

F
 

C
E

~
fG

~
R

IC
4C

C
Q

 L
Ll

uC
b$

lT
R

K
C

C
R

 D
Y

V
A

W
I 

C 
A

N
A

lY
S

 I
S

 .*
'I

c:
C

O
l5

-l
fl

P
H

fN
T

 4
1

 w
n

D
:L

P
F

 ‘
~

F
C

au
A

~
l:

j~
-F

R
O

C
F

S
S

IY
rt

Ir
Y

 T
FC

C
 C

H
I

L
D

.
*

O
C

C
C

lt
3
G

C
C

W
--

-
K

A
W

,
R

.M
.*

A
 

C
Y

P
E

Q
’.=

vI
C

 
A

P
’3

lA
C

k’
 

Tc
) 

‘lE
%

rA
C

 
3
fV

C
lf

lP
Y

fN
T

.

c
c

c
c

o
?

--
*
I

P
A

T
T

E
R

?
;-

P
C

C
O

G
Y

IT
 I

-‘h
 :

I
.C

,-“
J~

‘J
TE

P
 

PR
rJ

G
Q

4q
 

FO
R

 
C

ll;
\lE

R
A

f
 
IW

-
_
I
-
-

A
+‘

R
A

H
LY

S
,

 
P

.
* 

L
IS

P
-7

 
L

A
G

C
~

IA
G

’
 

S
P

fC
IF

It
4
T

If
W

S
.+

3o
co

o
 L

3
!C

O
K

--
H

Y
P

E
~@

D
l

 
IC

-E
fJ

rl
4
T

If
ik

S
 
k

IT
k

C
I 

Z
rC

\f
If

W
C

U
S

 
IN

IT
I

 
A

l-
V

A
lU

F
S

.*

1
0
0
0
\

4
~

~
C

h
-W

A
h

T
fl

Q
C

V
lt

H
W

E
T

kC
r 

FT
P

 
5’

3l
V

Ilr
c-

 
N

~
‘J

lI
N

E
d

Q
-F

3
U

A
ft

O
Y

S
.*

fC
 

D
IS

T
R

 
I?

U
T

IO
H

 
R

F 
T+

+=
 

E
I 

C
,E

Y
V

A
LU

E
I

 
nF

Q
A

N
O

O
M

 
P

8T
R

IC
F

 
S

.+

I~
.I

T
I~

L
-V

~
L

U
~

S
.*

 
'J

B
O

S
b
L

d
 

II
.

C
O

C
P

.S
C

I.
C

E
P

f.
*P

P
t.

S
.*

1
9
6
7
--

-~
‘~

~
9
9
~

K
b

H
’i*

 
i3

.K
.*

8
T

Z
v
=

t9
~

~
E

K
~

A
l

 
~O

O
E

L
 O

f
 

I~
F

O
P

~
A

T
IC

I~
,-

~
R

D
C

F
.~

‘~
0
0
0
1
5

K
A

tl
h

,
k
.“

.*
4

 C
Y

eE
?

Y
E

tt
C

 
A

P
P

R
O

A
C

H
 T

C
 R

E
N

T
A

l 
O

E
V

E
lO

P
C

E
N

T
~

,6
9
0
0
1
6

L
IS

P
-2

 L
A

U
W

A
G

f
 ~

~
~

C
IF

1
C

A
T

It
W

S
.+

 S
Y

S
TE

Y
 C

F
V

E
L

O
P

W
N

T
 C

O
-

3
0

0
0

0
3

fJ
.1

.T
.

lI
h

C
0
l.
J

 
l 

A
B

.*
T

.N
.

 
lQ

6
7
-l

*I
C

6
7
.

-
-
-
-
-
m

-
e

3
9
0
9
1
0

P
A

R
Y

LA
Y

n
 

Il
. 

C
O

w
P

.t
C

I.
 

C
F

N
T

E
R

.*
fR

-6
4

-e
.*

1
9

6
4

*
~

,
,
,
,
9
9
0
0
0
6

M
A

Q
V

lA
h

C
 U

.
C

O
M

P
.S

C
I.

 
C

fN
T

E
P

.*
T

R
-t

t-
4
I.
*I

Q
6
7
.

 
,,
,,
,,
-
-
3
0
3
0
1
2

Y
A

T
kI

C
F

 
S

.*
 

W
I 

C
C

W
:S

IN
 

U
.

H
A

T
H

.R
E

S
.

 
C

E
N

T
E

R
.*

M
R

C
 

T
E

C
H

. 
5
U

,,
?

3
~

3
0
1
4

Y
fJ

Y
4
~

lC
-A

lG
E

Y
P

4
~

.*
 

Il
L

I~
!@

IS
 U

.
 

C
O

M
P

.S
tI

.D
E

P
T

.*
R

P
T

.
 2

0
3’

13
32

1
H

00
Q

E
,

F
..H

.*
A

h
s

 E
X

T
f 

h
S

IO
N

 O
F

 T
H

E
 N

E
W

T
O

k-
K

A
N

T
O

R
O

V
IC

H
 ~

E
--

‘W
f)

0
3

N
E

R
V

O
U

S
-S

Y
S

ff
H

 F
U

H
C

T
IC

W
.

 N
fI

)R
O

C
Y

B
E

R
N

E
tI

C
S

*
 S

T
.

 U
.

 F
&

.=
0
0
3
9
0
8

h
f*

JQ
fJ

C
Y

)!
E

R
N

E
T

IC
S

*
 S

T
. 

U
.

 E
.E

.D
E

P
T

.*
 1

9
6

7
.

-
-

-
-

-
-

-'
/
0
W
l
O
@

N
F

W
T

D
h

-K
A

N
T

D
P

C
V

IC
d

M
E

T
H

O
D

 
F

C
R

 S
O

lV
Ih

G
 h

C
N

lI
rJ

E
A

P
-E

O
U

A
T

-3
3
3
0
(j

S
W

JN
L

 I
W

A
R

-S
Q

U
A

T
 I
W

5
.

* 
M

A
Q

Y
LA

Y
D

 U
.

 
C

O
M

P
.S

C
?

.
 

C
E

C
I;

T
E

R
.*

T
l’)

r,
O

lZ
W

N
C

IU
E

A
R

-E
Q

U
A

T
f3

Y
S

.*
 

W
IS

C
O

N
S

Ih
’ 

U
.

 
W

A
fH

.R
F

S
.

 
C

E
N

T
E

P
.*

@
‘-

-0
3
0
0
0
5

P
.E

.C
.

R
E

S
E

A
R

C
H

 A
fS

r)
C

 I
A

tf
S

,
IN

C
.+

A
fO

S
Q

-6
5
-1

4
1
2
.*

1
9
6
5
.

 
--

‘.
&

0
1
)1

7
P

A
T

T
E

R
N

-R
fC

O
G

h
IT

IO
Y

:
 I

 .
C

O
H

P
u

T
fR

 P
R

O
G

R
A

M
 F

O
R

 G
E

Ju
E

P
A

TI
N

G
r)

‘l’
JO

O
6

P
lA

’d
A

R
-F

E
P

R
fS

E
P

IT
4t

I@
N

S
 O

F
 C

O
W

P
C

E
X

 G
R

A
P

H
S

.*
 P

.1
.r

.
L

I 
k

--
--

m
r
)l

O
P

U
L

S
E

 
S

E
Q

U
E

N
C

E
S

.*
 1

ll
IN

@
IS

C
O

~
P

.S
C

1
.O

E
P

T
.*

Q
P

~
.

 2
5
5
.*

1
9
6
--

%
3
0
0
1

Q
C

S
E

W
F

E
lD

r
 A

.
S

IY
F

Y
S

O
N

,
 

N
.F

.*
 

P
A

T
T

E
R

N
-R

fC
O

G
N

I~
IO

N
:1

.C
C

-~
~

W
O

6
S

fl
F

-R
E

P
P

C
JD

U
C

IN
G

-A
U

%
M

A
T

A
:S

J?
M

E
 

IM
P

L
IC

A
T

IO
N

S
 F

O
R

fH
E

a
P

~
0
0
0
0

 1
 e

S
fO

V
E

N
C

E
S

.*
 

I~
L

IN
O

~
S

C
C

M
P

.S
C

I.
~

E
P

T
.*

R
P

T
.

 
2
5
5
.*

1
9
6
8
.

33
00

0 
1

S
IM

E
Y

S
O

N
,

 
N

.F
.*

 
P

A
T

T
E

R
N

-R
F

C
O

G
N

If
tO

N
rI

 
.W

M
P

U
fE

R
 
P

R
D

W
~

=
5

W
0

0
6

S
N

O
W

l*
 

A
P

P
L

IE
D

 L
rl

G
IC

 C
n

Q
P

.*
 

1
9

6
7

.
B

-
-

w
-

‘. 
73

00
7

S
T

.
 fJ

.
E

.E
.P

E
P

T
.*

 
1
9
6
7
.

-
-

-
-

-
-

-
-

-
B

e
SW

T
)O

A
S

T
. 

U
.

t.
 E

.D
E

P
T

 .
*

 1
0
6
7
.

I
_
-
_
)
_
_
_
c
-
-
-
-
-
-
-
-
-
w

=‘
C

JO
O

Ll
S

T
.

 11
. 

E
.E

.!
W

P
T

.*
 1

0
6
7
.

_
I
-
-
-
-
-

3
3

0
0

1
8

S
T

.
 \I

.
E

.E
.@

E
P

T
.*

 
1

9
6

7
.

-
-

-
:0

0
0

1
9

S
T

.
 U
. 

f.
E

.D
E

P
T

.*
 1

0
6
7
.

-
-

‘:
?

09
 1

5
F

T
.

 11
.

f.
E

.D
E

P
f.

*
 

1
9
6
7
.

-
-
-
-
w

-
w

-
-

-
-

-
-

v
-?

3
3
0
1
6

S
Y

N
T

H
E

T
IC

-o
A

T
T

F
R

N
S

.*
 J

’A
R

Y
LA

N
D

 U
.

 
C

O
C

P
.S

C
I.

CE
cU

TE
Q

 .
*
I
-

 :
 >

?
03

6
S

Y
S

TE
V

 
0f

V
E

L
fl

P
Y

E
P

IT
 

C
C

’Q
P

.*
T

+
3
4
1
7
/2

0
0
/0

0
.*

1
9
6
7
.

**
3
m

3
 3

U
P

P
S

A
LC

 
u

. 
C

O
W

P
.~

C
I.

D
E

P
T

.~
R

P
T

.5
.*

1
9

6
7

.
-

-
-

-
-‘

3
m

o
o

4
U

IS
C

f’
N

S
IN

 
IL

. 
‘J

?A
T~

.Q
FS

.
C

E
N

T
E

R
.*

P
R

C
 T

E
C

H
.

 S
U

P
P

A
R

Y
 P

P
’-

G
3
0
0
0
5

W
IS

C
C

Y
Z

 I
k

 u
.

Y
A

T
H

.Q
E

S
.

 
C

E
N

T
E

R
.*

M
R

C
 

TE
C

W
. 

S
W

M
A

R
Y

 
P

P
?

, 
-9

3
O

O
lC

F
i

g
u

r
e

 8
.

S
a

m
p

le
 N

O
 C

a
te

g
o

ry
 M

o
d

e
 A

C
C

E
S

S
 O

u
tp

u
t 

(S
h

e
e

t 
4

 o
f 

4
)



1
.

Lo 3
.

4
.

>
.

‘J 
.

7
.

2
i?

.
1

1
.

:
:
:

1
4

.
1

5
.

l
c

.
1

7
.

1
”

.
1
0
.

. 
\

L
a*

2
1
.

r
2
.

2
3
.

2
4
.

2
5

.
2
t.

2
1

.
2

1
.

2
%

.
3
3
.

3
1

.
2
2
.

3
3
.

3
4
.

3
5

.
3
6
.

3
7

.
3
t!

.
3G

.
4
C

.
4

1
.

4
1

.
4
j.

4
4

.
4

5
.

4 
h 

.
4

:
.

4
r
.

4
;

.
5”

).
5

1
.

5
,.

L -
2

.
E

+
.

_ 7 
3 

.
‘3

.
5
1
.

5
C

.
5
;.

F
ig

u
re

 5
.

S
a

m
p

le
 

A
C

C
E

S
S

 
In

p
u

t 
To

 
S

h
o

w
 

S
o

rt
 

K
e

y
s

s
c
p
r

K
E

Y
f
H
I
N
1

L 
I 

*I 
E

lK
+

A
.

 .
 .

 (h
IIT

 U
SE

LJ
)

H
C

+i
!

.
 .

 .
 f\

c
T

 !
.S

E
lII

t3
C

+C
.

 .
 .

 (\
C

T
 2

S
E

C
J

dG
+A

.
 .

 .
 (1

1.
71

 U
S

E
D

)
B

C
+E

. 
. 

. 
(:u

C
T 

‘J
SE

D
)

tio
+c

P
R

C
lf
Z

 
1

Y
C

k
IF

Tt
,

 
h

. 
4’

\:
) 

H
.i

H
E

J
t,

!J
k

Ip
T

t 
9 

h
. 

A
h?

 
~.

.~
~&

D
E

rd
C

lF
2

2
C

k
IP

ll-
*

 
h

.
4h

m
 
Ii
. 

Zh
fY

Ek
C

hE
t?

E
R

I
“i

E
L

L
E

Q
:

 
A

 
G

E&
F

C
A

LC
C

L
 4

%
C

 I
T

S
 Fl
lP

fr
A

L
 U

C
P

P
F

C
fC

E
\C

E
i~

c
A

?
S

l\
G

L
P

A
P

Z
 I

lr
c

. .
 .

Q
**

**
 

C
A

T
E

G
O

R
Y

 
--

 C
. 

. 
. 

C 
L 

Y 
I’
1

 
L 

E 
Q

 
S

. .
 .

*
*
*
*
*

 
C

A
T

E
G

O
R

Y
 

--
 0

 .
 .

 .
D

A
T

A
S 

1 
R 

U
 

C
 

T 
‘J 

R
 

E 
S

. .
 .

. .
 .

. .
 .

. .
 .

. .
 .

. .
 .

. .
 .

. .
 .

. .
 .

(A
C

C
ES

S 
TI

TL
E

 1
(L

S
T

 C
A

T
E

G
O

R
Y

 1
( 

L’
uO

 
C
A
f
E
c
i
O
R
Y

 1
~~

‘~
Ir

U
TI

N
U

A
TI

flN
 

IM
AG

E
 

t=
??

r
nC

~E
S

E
ll:

?~
 

L
IS

T
IX

C
,~

(L
S

T
 

K
E

Y
kd

R
D

 
1:

~ 
A
C
C
E
S
S
1
d
.
r

 
iN

fR
Y

)
(2

rd
O

 K
E

Y
W

O
R

D
 I

N
 A

C
C

E
5S

iU
’J

 E
&

T
R

Y
)

(3
5
0

 
K

EY
W

C
IR

O
 I

N
 

A
C

C
E

S
S

Id
la

 
F

h
lR

Y
I

(4
T

H
 

K
EY

W
U

R
D

 I
N

 
A

C
C

E
’,S

IO
’r

 
Fh

!T
qY

)
(‘5

TH
 

K
E

Y
W

R
D

 I
N

 
A

C
C

E
S

S
IW

~I
 

!-
bT

(?
Y

)

Fi
g

u
re

”G
.

S
o

rt
 

K
e

y
s 

B
e

fo
re

 
S

o
rt



’ 
. .

6-c bI 
.

:1
.

>
.

;r
.

tL
t.

6
5
.

LC
 .

6
7

.
6
6
.

6 
5 

.
1

,.
7

1
.

7
2

.
7
3
.

7
6
.

5
5
.

7
6

.
1
7
.

7
e
.

7
5
.

P
‘

-4
.

E
l

.
6
2
.

; 
8
?
.

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
-

-
L

\H
C

IE
2

 
1

A
R

C
1

9
2

 L
K

+
A

.
 .

 .
 fh

;i
T

 l
iS

E
C

1
liC

+E
.

 .
 .

 (t
ut

iT
 !

JS
C

O
b

3
L

+
t

.
 .

 .
 (h

iT
 L

<
E

C
)

fi
c
r 

IP
T

),
 

v
. 

41
:)

 
il

.i
h

F
A

E?
C

+t
.

 .
 .

 4
VC

.T
 U

S
E

C
I

b
d

+t
i

.
 .

 .
 (i

\c
T

 U
S

&
t:

)
dC

+C
S

ih
IF

T
t,

 
h

.
A

hC
 

I-
.i
i*

E
P

&
C

@
Lc

-C
L

 
A

hC
 

ll
S

 
F

tl
R

C
IL

 
0

L?
C

G
 c

 I
h

ti
C

tJ
R

E
C

E
C

E
h

C
E

ed
F

d
R

S
 I

hG
C

n
E

P
E

R
,

“Z
E

L
L

F
R

:
 

A
 

G
E&

E
C

h
iQ

lt
t

 
h

.
A

h0
 

t.
d

k
E

R
F

G

. .
 .

. .
 .

. .
 .

. .
 .

. .
 .

. .
 .

. .
 .

. .
 .

. .
 .

. .
 .

. .
 .

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

--
--

-
lA

C
C

&
!j

j
 

T
IT

L
E

)
(C

C
N

T
IV

U
A

T
IU

h
 

IV
A

G
E

 
FO

P
 

4C
C

E
S

S
IO

W
 

L
IS

T
IY

G
I

*
*
*
*
*

 
C

A
TE

C
P

Q
Y

 
-- 

(’ 
. 

. 
. 

C
 

I; 
H 

P 
I 

L 
E 

R 
S

Il
S

T
 

C
IT

E
u

C
R

Y
I

+
**

*+
 C

A
TF

G
O

K
V

 -
-

 0
 .

 .
 .

.I 
4 

T 
A

S 
1 

R
 

3 
C

 
T 

1.1 
P 

E 
S

(?
h

C
 

C
4T

E
G

O
R

V
( 

?r
(U

 
K

E
Y

kO
R

U
(5

T
H

 
Y

E
Y

uO
R

D
(4

T
H

 
K

fY
!d

d
O

t 
2N

O
 

K
E

Y
W

M
I)

( 
1S

T
 

K
E

Y
w

dR
O

1 I 
\ 

AC
C

 &
S

S
[:

l’J
 F

N
TQ

Y
 1

IN
 

A
C

C
E

S
S

IO
N

 E
N

lR
Y

)
1%

 
A

C
C

E
hS

 
IO

;J
 

IIN
T

Q
Y

)
It

\ 
4C

C
E

S
S

IO
N

 
E

N
T

R
Y

)
I

I
. 

A
C

C
E

S
S

IU
d

 
E

N
T

R
Y

)

F
ig

u
re

 7
.

S
o

rt
 K

e
y

s
 A

ft
e

r 
S

o
rt


