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CARTE:. A Thematic Mapping Prdgtam
by
P. M. Wood and D. M. Austin
Lawrence Berkeley LaboratOry
University of California

Berkeley, California 94720

ABSTRACT

- CARTE is the graphics display program of the LBL'Computer Mapping
Systeﬁ, producing thematic maps on microfilm at one hundredth the cost .
of producing hegativés by hand. The program matches a'geographical area
or a symbol répfesenting.such an area with statistical data to produce
graphic output on 35mm film in the form of cross-hatched maps for single-
color printing‘(eithér computer-genérated dot screens or total mask frames
for photogréphic screening).

" A versatile set of directives allows the user to design the map

and a corresponding report, and to specify such features as automatic

placement of area names, calculation of a smooth distribution for color

coding, and boundary clipping to specified limits for sectioning a'map.
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CARTE: A Thematic Mapping Program -
- by , “.__x""' 
_ P.M. Wood and D.M. Austin S
L@Wrehce.Berkeley Laboratory, Universityféf Céiifornfav

Berkeley, California 94720

I. Introduqtidh

vahe:graphic.display of statistiéél dété by.gebgféphic area is-
knowniéé théméfic_(or chdrople;h) mapping.r-Themafjévmaps have
traditionaliy beén producgd using a combinafion ofAménQéi and
bhétographié tééhniques. dnevtechnique requires éutfihg a sheet
'bf‘texturedvmatériél fo'fit a geographic'bpundary'andipasting,fhe
m;tériél ontdié paper outline of thevmap.‘ A more fgcenf manuél tech?iﬁué“
“ involves scfibing of‘thé-hép outline of a photographicaily opaque
| maferial. A sepafateughéet:is required for each data range (co;gp‘toﬁe
or textured.péttern). Eéch area in a dafa range islpeeled from th§ o
 ﬁ:m$feria1 to form a photographié mask which is then réduced tovprint
size.
~ Computer techniquég for producing mapé.éhéapiy'éhd'quickly were
.pioﬁéeréd by HérVafd'Uﬁiversity's‘Laboratory fof Coﬁpufér Graphics and
Spatiai Analysié; The best kﬁown is the prin;er bidt teqhnique, which -
provideé low-resolution maps with a minimum of spécial hardware’[lj.
With tﬂéfadyent 0f hiéh speed, high preéision_deyiées for_cqﬁpufer
output on microfiim (COM-deviceé), the_péésibility76f producing high
qualityifilm'iméges by computer became an attractivé;alternativg to
both the manuél{féchniques and the briﬁter plot compbsitions. Producing
COM film images,'és compared with manually prepared film images, has

proven to be cheaper by almost two orders-of magnitUde;'making thematic



mapping a resource avallable to a much wider range of appllcatlons
than ever before '

The prlmary problem with computerlzed mapplng‘rs in bu11d1ng a
machlne readable geographic. data base. _Stat1st1ca1 data, such as the
various census counts, have long been ayailablevin_maéhdne-readable '
form, but aadatafbase of geographic areas of»interest;vsuch as:state,
county and census tract boundaries'were not generaiiy'available and
typically inyolyed a laborious hand—digitizing and editing process.

In order to develop automated cartography into a useful tool for
data dlsplay, the Mathematlcs and Computing Group of the Lawrence Berkeley
Laboratory 1n1tlated a computer mapping prOJect in collaboratlon w1th the
Manpower Adm1nlstrat10n ‘of the Department of Labor the Geography |
| Division of the Bureau of the Census and the Department of Hou51ng
and Urban Development The purpose of the*prOJect is to create an
accurate geographlc data base containing the boundarles and 1dent1f1cat10n
) codes for the Un1ted States’ by state and county and- for ‘all the Standard
Metropolltan.Statlstlcal Areas (SMSAs) by census tract'(some 35,000 '
tracts). The automated map dlgltlZlng and ed1t1ng system is descrlbed
“in a separate report [2]

This data'base is to be used in-the production of statistical
atlases for use.by-Federal agencies_in'areas such as'manpower resource
plannlng and evaluatlng population character15t1cs This report
descrlbes the dlsplay portlon of LBL's Computing Mapp1ng System, a

FORTRAN program for thematic mapping called CARTE.
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Given a geographlc data base and a set of data keyed to geographlc '
area, CARTE produces film 1mages of maps and tables wh1ch are photo-- N
graphlcally enlarged to produce printer plate,negatlves.

There are five major functional parts to the program, as shown in

Figure 1. This report describes each part in succeedihg chapters.
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A. Components ‘of a Thematic Map

The objective of a thematic map is to communicate geographical

relationships{”}ln order ‘to accomplish this goal, there arc several

criteria which;must be met, as the.following list -indicates. -

a. Recdéhiiabiiity‘-,The g?ographicvarea‘béiﬁg,mapped shouid be
easily;rgcogniéagle,'péuélly by pioViding;aﬁprbpriate laﬁelsv
and‘by.retaining as many'geographic‘featuféﬁg(éugh as-riQers,
1ak¢$ apd coastlines) as possible. ’AISQ,‘fhé:écale shou}d"
be éhbsén so that all the data is readablve_.:_.j |

b. Titlés - The map should contain enodgﬁ‘titliﬁg jnf§rmatioh
to cbﬁplétely specify.the.meaning of_the mépfﬁv :

c. Clear-Déta Repfesenfafipn'-’Tﬁe ﬁéthbﬁ fdr;digfinguishjng
:déta_rahgés dn the map must prbvide avnﬁmbér §f distinét'.

f_patterns; either by color tones,.teXtures orjsymbbls{ ‘Legends
shouid'indicafe unambiguously the corréspondeﬁce betwegﬁ

representation and data range.

Any prograﬁ fbr thematic habpihg nust pfovide.fagﬁlifiés fof‘
designing thése'féatﬁres'intO‘a map. In additjdn)_généréi design featﬁres'
which allow arbitraryrplécgment of the map compoﬁént§ ig»necessaryv
because of théJWiAé variatipn in shapes of geogréphi¢1areas. CARTE
'proVides a'set of directives which allows the user to design both the

map and a table listing the actual data that is being represented.



' There a}e'three-fofﬁs of‘ﬁaﬁ éfaohice-e;e{;eole%iﬁ,CARTEE; ccoéé—

hatch1ng, dot screenlng and total masking. . | | |

Cross hatchlng is used for 51ng1e color deps or slldes, dnd iel
therefore the least expen51ve to prlnt Varlatlon of dlrectlon and
spacing of the cross-hatching prov1des elght dlstlnct textures.on the
- COM device in use'at LBL. |
When multi4colorvﬁaps”are desired; u5ue11y ;hreéjtones'of;each
'coior are distinguishable by‘the humaﬁ eye'Q 10%, 50% “and 100 screens
are usually used{' CARTE provides a method of gede:ating.these dot
ecfeension che'COM device, so thet'all three tones for a Single color
‘cah be ‘drawn oh_a single frame. This is done_by ueiﬁg three'differeht‘.
dot sizes spaced on a-.regularvarray:of raster pointéd' The oain advantage
to dot screening is the eavihgs in'cost by_combiﬁing three tones on one:
frame of film. Thus a 9-tone, three color map, pius‘black outline
'fequires processing and registration of only fourvframes of film. . The
disadvantage'in this technique is the loss of resolution caused by‘the
dot sizes required to generete distinct tohes;' For exémple; on a device‘
w1th 4096 adressable p01nts, dot sizes of 2, 4 and 8 raster points in
a hexagonal array reduce the resolutlon to 4096/8 = 512

The total masking technlque requires the complete masklng of eech ‘
areé to oe eycertaiﬁ tone ofvany color.  That is, for a*9—t0ne,5three |
color map, plusvblack“outline; 10 ffameSIOfifilm‘ére.éeoerated. The'
tone screens are produced photographlcally after enlargcment of the 35mm
f11m to pr1nt 51ze, thus- ach1ev1ng a much f1ner screen., The main advanfage

to thls‘techn1que is the use of 2-raster point vector to mask an area.



This resultsvin a resolution of 4096/2 = 2048 faster:pojnts, a factor of
4 better than ﬁhe dot screening.. The disadvantdgéiiﬁi.of coursc, the
processing and registration of more than'twiéé%as'hahyﬂfrumes of film -
not too serioﬁé_é problem with pin—regiétéréd-caméras'énd Q goéd
photographic shop. | :

)



B. Program Structure and Information Flow

The fﬁnctionai structure and control flow for CARTE are dragrammed
in Figure 1. ,There are five functionel modules: a-eontrol modnle where
directives ere processed,ea setup_nooule which generetes the graphic data
structure from the input map file, e report generation‘module, a
distribution module which assigns representation cooes (color or texture)
from the data, and a graphic output module which generares the film-
images, including titles, legends, outlines and masks.

The programiruns most efficiently when many mape of;the same area
aré‘made in one job sfen. The initial processing of the map file done
in tne setupfmoaule creates a very efficient representation of the
geographic area.which is.used in generatingba series-ofrmaps from cor—
hresponding data'eete - i.e., the data, title, legends, etc., change with
each map, but.the geographic area stays the same. )

After the'setup function, the map is ready to be combined with
noninal, ordinal or interval data to produce a thematic map. The flow
of control passes from the directive interpreter to the report module (if
specified), where a film image of the input data is produced in tabular
form. The distribution module then assigns a graphic code (color or
texture) to each of tne data items keyed to geographic:areas. Control
then passee to the graphic output module which createsifne film images
for the map. | | | |

The control loop from directives to tabie to grephic output is

repeated for each data set provided, with the incremental cost of computer



Directives - Dgta :
I File

Control

' | . . : | R
Setup ~<¢——34Graphic Output pd——-7B " éngEa?nd
Distribution
Map Frames - Report Frames

Figure 1. DIAGRAM OF PROGRAM STRUCTURE AND FLOW OF CONTROL
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time per map'decreasing with the number of data sets. In avtypical
example, the éést for_produciﬁg maps of the Phoeﬁix; Arizona SMSA'(233
census tracfs) was as follows:
| | setup $5
- 10 maps @ $0.50_§5

$10 or $1 per map

Coﬁparable COéts for producing these film images by hand has heen
estimated at over $100 per map. .

The major expense in producing thematic maps, especially mulfi—
color maps, is in‘the printing process, but the faCtjremains that
preparation of film images for the printer has become écbnomiéally"

feasible for large scale projects.
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II. The Control Module

' The control module interprets a set of directivés which setrthe
variables coﬁtrdlling program operation and allow the;user to design the
map layout‘in'détail. The direétives consist of a.cqntrol character
(an asferiskviﬁ column 1), and a keyword followed By parameters in free
format. Keywords may be abbfeviated, since only the first character
is used.

Each dire#tive has a number of paraﬁefers assoéiafed with it which,
if'left'unspécified, take on default values. The parameters are.numﬁérs
(either integer or floating point is acceptable)‘séparétéd by commés. o
'.Following.theiparametérs, user.comments can be entered, as the scan is
terminated on non-numerical data. | |

An example of a directive is: .

*KEYS, 4= 8 KEY 4 on the data set matche$ KEY 8 on ﬁap;

Difecti&éé.specifying titles and legends”requifena set of cards
describing textual information to be placed on the map. Thus a packet
of titles may be specified as follows: |

*TITLES, 2 There will be 2 title packets

1,1,4, _.(Tifle 1, on 1 card, sizé 4)'»!

TITLE ONE FOR MAP ONE |

2,1,2, - (Title 2, 1 card, size 2)

LAWRENCE BERKELEY LABORATORY

The control character serves as an interrupt which causes the control

module to terminate the processing of the current directive and examine
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the ne*t direétive. Thus, to title‘the second map, the directive would
appéar as foilbws: o

“TITLES,2  Still two titles

1,1,4 - (Title 1, 1 card, size 4)

TITLE ONE FOR MAP THO

*GO

In this case, the second title remains‘the same -as originally l'
specified, and-the*new directive (*GO) causes the reéding of titles to be
~"terminated. |

The need for multiple cards to specify long titles requires that
.the user speqify the number of cards to be read aé albaraheter. Thi;
overrides thé interrupt features for that numbér of cards, so that tékt
may begin wifh‘ah asterisk. Also, the comment feature'doesvnot.app1y 
to actual text cards - only the parameter cards. Thefé'are threé directives

(*MAPTYPE, *INTERVALS, *WATCH) which can have charécter parametersjand to
which the cémmentifeature also does not apply.

The control language aliows full flexibility in designing the map
léyout with a minimum of information. Default values are prOQided for
all parahefers eicept textﬁal; and pafameters need énly be specified
when the valués:change. |

The‘directives fall into four classes:

a. Setup directives specifying information about the
gebgraphic area from the map file. |
b. Graphic directivés specifying information about titles,

- legends and other ''cosmetics'".
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c. Report directives specifying information about the
= format of the table.
'd.. Distribution directives specifying how the -data is to be

treated

The setup directives are as follows: -

*MAPTYPE

*Z0OM B
*PICTURE SPACE UNITS
*XYMAP PICTURE SPACE
*CONSTANTS -

The graphics directives are:

*ARROW
*TITLE
*SCALE
*OUTLINE
*LEGEND
*BOXES
*GO

The report directives are:

*FORMAT
*KEYS
*HEADINGS
*NOTES
*REPORT

The distributioh directives are: .

*DATA
*INTERVALS
*EXTRACT
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ITI. The Setup Module

The setun'phase of the program‘precesses the map;file aceording
to the setup directives to produce a data structure which allon for
efficient output of the map gfaphics. The'functions.cerried out on

this "first pass' on the mapfile include:

a, 'Clipping'the map to prescribed boundaries

b. Establlshlng map limits and storage requ1rements for the mapflle
- and Shadlng arrays :

c. Addltlon of label boxes (rectangular areas for label placement
which will not be shaded) '

d. Generating a graphlc data structure representation of the map -
in random access mass storage (RAMS)

\

e. Generating a test frame for COM setup purposes.

Some functions done in the setup module depend upon user-speeified
directives - e.g., clipping boundaries - while other funetiOnsvare
univeral - e.g., memory requirements. Figure 2 diagfams_these functions
of the setup medule. The major algorithms used in this module are
discussed beiow. The method for storing the graphic da;a structure and
calculating the memory requirements are discussed in Chepter VIvon the

data structure.
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o

Initialize
color file for

test framefﬁ ) : s [ .‘ :
o , /. for each -
: ] polygon
y - . ‘ . 4

Make pass : Y
on mapfile | - Add
clipping ' Labelbox
and dis- _— - : .
carding ' &
olygons ‘ : : Draw outlines
b . : and labels
EXTRACT MAPKEYS | Save outline and
I o ' o labels in RAMS
Count # of poly- o | R 2
ons and i s
goints] maximum Draw Shadlng

Calculate global | \\‘-\~fmlfﬂf‘\\“‘J

1 map limits and -
size of largest Save shading
shadable region’ in RAMS

Figure 2. FUNCTIONS OF THE SETUP MODULE .

: b
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A. Clippiﬁg'timits

In the absence of a *ZOOM directi?e, the map{caérdinate limits
are taken from the map file - that is, the entire'map is drawn and
no clipping is necessary.’ Howevef, it is often_the Ease that'only
a portion of a map is wanted, eithér for ciérity inJQ%ewing ér.for
selection of .subareas by coordinate limits. In fhis case, a . directive"
of the form = B :

*ZOOM,§long.min>,<10ng.max>,<lat.min>ﬁ<lat max>
'specifies a‘recfangulaf area (in map cdordinates)'QHich is-to bhe
drawn (see FigUfe 3). There are three cases to consideri

a. 'A polygon lies en;irely.insidé the-limit$v 

b.-‘A pélygon iies entirely outside the-limits:

c. A polygon intersects the limit'rectangle. _

Tﬁe polygons are passed to a subroutine CLIPOLY for procéssjng;

For caSe'va, CLIPOLY returns the original points. TFor‘édso b, CLJPOLY_'
returns no péints. For case ¢, the subroutiné discovers which vertices
of the limit rectangle must be added to the polygon (eliminating external
vertices) in order to have a closed polygon»entirelyIWithin the limits
(polygon ¢~ _in Figure 3).

The CLIPOLYVroutine firstndetermines the:directisn.in which the
polygon is drawn% so that the limit vertices can be inserted in the proper
order. Then each side is sent thru the clipping routine TVCLIP, which
flags lines iﬁtéfsecting'the rectangulaf boundary and calculates’the

point of intersection (the cut point). If - a side crosses the boundary,
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" Figure 3. CLIPPING TO A RECTANGULAR AREA

s

Original Map

Lat min
. Long min

I




avflag is set‘and the cut point stored. Subseqﬁent;&erticés are deleted
until a side reenters the limit rectangle. A test-i§?mad¢_qn the exit -

" and entry points‘to decide whether,zerd, one, th or ﬁhree 1imif.vertjce$v
must be insérted to preserve the closedvpolygong1 §frgstpre.

Once:all tﬁe'polygons of a map file have been ¢lipped to the limit
fect;ngle, the.polygons»can bé shaded with no futyhgr'clipping;_'Thigl
represents a s@bstantial saving of éomputér.time if more thanvoné‘map.is
to be made.iﬁ aAsinglé rﬁn.

Another éption:is called INSET clipping,;in whiéh'any polygon which
intersecté with the clipping rectangle'ié rejeéfed; VThé fo&tine will
return either eﬁefy polygon entirely iﬁsidé the éiipping reétangle ér
every polygoﬂ partially or entirely oﬁtside.vahis pfodﬁc§; either a base
map with irregulérly shabed holes 6f\fhe inseté whicﬁ exac§ly fit the holes
in shape. Mbre:fhan one clipping féctangle can belébeéified-for muitiple

insets.
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B. Label Placement

It]js sdmétimes useful to display the name of'a geographiC area
in a ceﬁ£}él pérf of that area, especiaily for singlé%cblor cross~h§tch
maps. Placing names mahually is:notvonly tedious; bhf‘mdst be redone
"when scale chénges are made. Therefore; a laBel placing algorithm Qas
developed which;éttempté to place a label of-a:user 5pecified size -
within the'polygonal boundaries of an area. The algorithm works as

follows:

1. Calcﬁléfe the limits of a recténgle into whiéh‘the label
.of.a épécified character size wiil fit. |

2. Starting ét the center of the polygon aﬁd working outward
symmetrically, éeérch for a place where fhe reétuﬁglevv
‘will fif entirely within'fhe polygon. ‘If_a7piace is.found
go totéfep 5; | . |

3. Répeat'gtep 2,only try for a vérticle rectangle.

4. Check the label foy an embedded blank to sée if the label
can be broken into more_tﬁan one word. If so, repeat steps
2 and 3 for'each word, retaining thq proper order.“

5. Place labels in largest afea'avéilable, truhcétiﬁg fhe labél
to fit;7 |

6. If the map is to be single-color, add the vérfices of the
rectanglévto the polygdn in a manner than retains a simple
closéd curve. This ensures that the labels wiil not be shaded

over.
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Feasiblé régions are found using the shading pr@gram to compute a set
of parallel lines (horizontal or vertical) spaced é‘charactcr height apart .
These lines appfoximate a set of reétangles, and the number of characters
which will fit into the rectangle is easily computed. In the fifst.two
attempts, the'seafch for feasible regions_bégins'in the center and wérks
outward, buildiﬁg a set of rectangles sorted in descending:order of length.
These are then further sorted by spatial 6rder, tob tb bottom. A list
_of suitable_fegions corresponding to each word of'fﬁellabel (step 4) is
prepared, ihdicating thevupper and lower spatiél boundaries allowéd for.
tﬁat word‘(i.e};'the first word of a label must go’aonévthe second word
for the horizéntal case, aﬁd to.the left for the vertical case). Finally,
a loop is begun:in which, at each iteration, the longgst region in range
for the iongest word is chosen, the word is centered within the region
(truncated if necessary) and the remaining range lispé,are updated.

In the'example depicted in Figure 4, the labeleAN'FRANCISCO‘was

broken into two words and placed in the optimum regions.
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Figure 4. PLACEMENT OF LABELS IN A POLYGON
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 FRANCISCO °©
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C. The Shading Algorithm

For mulii-éélqr maps, the shading algorithm is.ﬁséd during the
setup phase to produce a masked region which is savedvés part of the.
data structgre;-_For single-color or cross-hatched méps, a different.
texture will be used for each cheracteristic being mapped,;so the - .
shading must be redone each time. |

The shading.algorithm in CARTE was adapted froﬁia‘paper from
the Polytechnic Institute of Brooklyn by Willlam Dwyer, who credits |
Dr. Frank‘Sipden:with its invention. The subroutine SHADE: accepts -

‘a polygon;of N  vertices, a vector 3 normal to a family of‘shade lines,
and a distance':d» between shade lines. It returns an array ofvcut |
points for each shade line sorted in order.of albegraically increa51ng
distance from the .origin of the coordinate system.’

The sides of the polygon are traversed in order frbm the vertex
closesﬁ to the lowest shade line to the vertex farthest, and then back
down. The cut points are stored in arrays X(I,J) , Y(I,J), for
the Tth cut point along the Jth shade line. The cut points are then
sorted as follows: | |

Let W be a unit vector normal to u (i.e.,‘parailel to the shade
lines). Then the points E; 7 (X(I,J),Y(I,J)) for:shade line J are
sorted in the order | | |

(3. v'v’) < (P1+1,J ).

> > : .
In addition, if ,Pi,j - Pi+l,j, < g, where ¢ is_somg resolution

‘parameter (typically, € ~ 0.01d), this segment is eliminated. The
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L

cut points aré‘fhus paired, with the first”poihf of‘ajbair_being the
entrance to the polygon along a shade line and the.sécond being the exit.

To produce a cross-hatched map, the shade roﬁtiné is called twice -
once with a Véctor 3 and once with a vector normal té J. By varying
the disténce d' between shade lines, and thé difection Qf _J, aﬁ |
least eight distinctbte#tﬁres are available. |

qu dot écreen or total masking (for ﬁulti-coio% maps) the éhade
routine is called with é vertical vector (horizontél Shadevlines).
and a spacing dépropriate to the dot size of_line width.‘ The best
resolution is.qbtained by total masking using two raster point Spaéing
(out of'ﬁ096:éddfessable.points), prdviding a 2048.fasfer'point resolution
on the film. bFor dot‘écreeﬁs, dot sizes range froﬁ 2 to 8 raster points:
in order to produce 3 distinct tones for each colof, so th¢ resolﬁtion
‘is reduced tor5l2. This can give a stair-étep effeéﬁ'along diagonél

borders.
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' IV. The Report Generator and the Data Set Specifications

A tablé'df:the data being re?resented on a thématié map is often
a useful additioh to an atlas. The report generatioh‘module in CARTE
allows usef‘design of such tables thru directives whiéh’specify the
format of the tabie (see Figure 5 ). The table is bui1ﬁ frgm a template -
which containé'key items specified by the directives, such asltitles,
colgmn headings, and footnotes. Items in the table are taken from the
data set, formatted according to the directives and output on a separaté

frame.
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Figure 5. TEMPLATE FOR THE TABUEAR REPORT -

TITLE
Title 2

! Title 3

Heading 1 Heading 2° Heading 3

Heading 1 Heéding 2. Heading 3

Datum 1

Name 1 “Datum 2 Name N+1 Datum 1 Datum,2 
First Repetition _ Second Repetition
€————  of Body Btk of Body
’ Template ' Template
Name N Datum 1 Datum 2 Name Last Datum I 2

*FOOTNOTE 1 -

Datum
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A. TForm of the Data Sets

Data‘seté are composed of data items, eaéh of which normally
consists of thrée elements: one or more keys for'ﬁaﬁching, zero or.more
words (ten éharacters constitute a word) of areé‘namg} and one or more
data values. .The user may specify the forméﬁ in which to read each data
item by the'%FORMAT directive. A data set is completed by a héader card -
indicating the number of data items and the number of keyé, words of

area name, and. the data values per data item.

The KEYS ‘are the same geographic area codes that appear on the map

file. The match between keys on the data and keys on the map file is -
specified by'ﬁhe KEY directive:

*KEY, key i on data = key j on map., (key k).¥ (key l;)
For example, ' |

¥KEY, 1 = 8 _
indicates thét the first key on the data card must-ﬁatch the eighth key
on the map file.. o |
| The NAMES are usualiy the nameé of the'geographic areas on the map.
Currently, the names are used only in the report, agdvcan consist of up
to 30 characters:

At least one datum is required on each data card - this is the statistic
béing represented'on the thematic map. This iiemvcan’be.any of the
followihg: |

1. A numbéf; to b¢ uéed by the distribution @odule in assigning

color or shade codes to the areas. |
2. The color or shade code itself (i.e., & number'ﬁetwecn zero and '

‘the maximum number of colors or shades»desired)-
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3. A nominal assignment (such as FORESTS, WETLANDS, etc.).

;f7'5Any additional data items will appear in the table, but only one
is used for generating the map. This is specified by the *EXTRACT

directive.
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‘B.  The Report Template

Sinceithe-report generator must haﬁdle datévfbr_sets ranging.froh
less.than ten to several thousand aréas,.it was WTifteﬁ tovbe flexible
and algorithms were included to do most of the format specification
autdméticaily. Cerfain‘elements are assumed to be pfesent for any
table: the'dafa to be displayed, one or more titles,.column headings,
and row headihgs (the area names ‘from fhe data setj!  Figure 4 shows‘thiS
basic report fempléte. vThe report body template may be repeated'seferal
times acrosé.ohe fréme, in order to fit'more data_onione page.

The texﬁ and placement of the titles may be spegified thru the *REPORT
.directives.  Thé text of column headings and footno;eévis entered by'fhe::
*HEADINGS andH*NCTES direCtives. The placement bf_a11 othef élements

'is done automatically within the general template above.
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C. some Features of the Report

In manylabplications:the areaé-being mapped occur as elements of
groups iﬁ-fhe,défa (e.g. counfies of states, gtéteé 6f;r¢gions). As
it is importaﬂt‘for these to be clearly délineated_ih‘the.table, an
array of key$; §ne for eéch list'(the“first specifie@'én the xKEYS
directive) is required, and, if an area'é’key vaiué isfiero,'then it.
is set off frdm_tne rest of the body of the table by ¢¢é line béiﬁg ,
skipped beféré if, its name being entered in caﬁitalg;‘énd the text
backspaced One-éharacter; | |

Theré are several other uéeful features Which are.included:as

' dptions that fﬁe user can specify forvﬁable generatibﬁT 'Anyncdlumn
of the table,‘including the rdw nameé, can be inpuf in either numeric_.
or character fofm, éolumn headings can bé égread o?ér;morevthah,one
column, any footnote can be bound to a particular»ﬁiﬁle; columnvor
row. heading, and as implied aﬁove, more than one column‘pf data can be -
input in ordervfo display with the characteristic mapped otﬁer values
of interest.. The program will élso place commaSvin-nu@bers‘as néedéd,
.indicate dataféupﬁressions'by an asterisk, and maké.multi-page tablés'a;-v

necessary.
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D. Generating a Table

With the bossible exception of the titles, thevuser specifies only
qualitativelinformation to the table generator.r.The program hénd]és the
quantitatiVe.details. |

Several-dperations must be ‘completed before the format of the
report body’is'&ecided.

First, thé program counts the numbervof lineg that will be skippéd
by examining the array of keys, obtaining aﬁ.accu?ate count of the
actual number of lines fo Bé.used by the table. jThén the field width
of each columﬁ is estimated by examining the row Headihgs_and data-values, -
counting characters in the case of alphanumerics‘anditqmputing a floating
bbint format Qith sﬁace allowed for commas_as néedéd,'in the case of"
numerical vdlﬁes?

o These,éstimates are then compared with the indi&idual column headings
and'édjusted as‘ﬁeceésary. The space required for titles and. footnotes is
~ computed. Finéiiy, the values of‘the parameters defining the body of the
report can be computed. |

| The key variable for the report i§ the number of times the/report body
template is to be repeated across the page. In CARTE, this is caléulated

by the following formula:
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R = min((NL-1)/LP+1,w/(C*S(K)))

where.

R =[the number of times the body template_iS to5be fepeated’
NL'=‘the number of linés to be drawn in table“body
LP..= the number of linés.poséible per tembiafe repetitién :
W =_fr;me width | |
| C= fotal charécférs per data line
S(K) =.h0rizontal width of characters at size K.

This formula is tested for varying values of »k and.:Lév until it is
' appareﬁt thatvéll:the information will fit on: one framéror not. Once this
value is known, the tab stops.for'the body;-centering information
for headings, and actual humber of data lines to be,displayed per body
template repetition are computed. |

‘The taBlé.iS then prqduced._ While looping throtgh the data items{_'v
at each new frame, the repdrt sends out the titles éndvfootnotes and |
a few major lineé; af each body template repetitionithe-mOdﬁlé sends-oﬁt'
the column headings and the téb.stops for the body Qf the rebort. Each
data item consfitﬁtes one ‘line in a body template repetitidﬁ which is

encloded in a temporary buffer until it is complete.
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V.  ‘The Digfribution Module

The diggfibution module transforms a sét:of'&atévihfé a set of
color codes tQ $hade the_map._' B

There_are'three_methods of geneféting coiors f?oﬁ a data set in
CARTE. Two Of these merely divide the data into gfoups at giQén division
points. 5Thi§‘occurs when internal ranges afevgiven or -nominal data is
used. Thé thifd; automatic distribution with roun&ing,'shbuid be selected
when a.user:doéé not know where to divide the data. _The_algorithm is
set to attempt anvequal number of area items per diVision. This was
- chosen becausé it is a relatively simple yet-informative method énd in
the case of néarly equal areas, results in a nearly éqﬁél divisiop of the’map into
shaded regions.' It was decided that the usefulnéss of fhe mean 6r équgl |
area apﬁroach’did nbt outweigh the cost, especially bécause the\roﬁn&iﬁgA
process, needed~for a pleasing dispiay, disturbs moﬁt distributions anyway .
Dividing data_infb equal groups is a straightforward task except in cases
where the distribution is ektremely skewed, in which caée some-arbitfary
range must be imposed. .A | ,

In CARTE's algorithm, the data is first sorted -into 100 bins by a
simple transformétion. Thus the smallest unit of the:data»space‘is
effectively 1/100th. Then these bins are divided into an arbitrary number
of subgroups, usually eight or less, the number being sét by the user, |
- thus generatiﬁg‘aﬁ expected ﬁumber of items/group. While cycling through
the bins, a cdﬁn£ i§ kept of the number of items accuﬁﬁiated since
beginning and siﬁce the last division was made. When.thevexpected numbér
of items is past a decision is méde as to where to place the dividing'iine.
After each such a§éision the expected number of iteﬁs per subgrdup.is

’
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recalculated frbm the number éf itemé actuallylallocétéd, and if needed,
fewer subgrbup; are used. | | |

v{'Aftef traﬁsforming the calculéted-division pbinfs back into the
_dafa space, thé program procgdes to round‘these intowaccéptable numbers
for presentatidn.on é map. The user controls thevnﬁmber qf significant
digits fo rémain in each division (ns) and the range thésevdigits are
allowed fo tak¢ §ver the set of division points (ﬂmég).- This.secbnd
pafameter insuies that the division points will alijend in ghe séme
.colqmn. AS'aﬂ°éxamp1e, assume the division points ca1cuIated‘ére:

712, 6.711; 24{381, 78.172.
With ns=2, nmag=3 these will be rounded to:

.7, 6.7,-24.0, 78.0

A maximum of two signifiéant digits are allowed, bﬁf-thé first point
is ailowed only éne becausé'thé divisions must fit in a three colﬁmn
range. If nmag;= 2, then the result of rounding woulélbe:

1., 7., 24., 78.

- The procesé.the progrém foI1owsvis7to normaiizevéli division poihfs
to lesé than One, mulfiply byvthe'calgulated ns, édd:.S, fix the nuﬁber
and multiply again by the adjusted_nofmélizatidn faéqu.i In some cases
the division boﬁndaries will now be equai. These afe then adjusted by ' 
the ﬁinimal alloWable amouht.(given né, nmag) and diVisions are eliminated
if the adjuﬁtementsvmake them extend too farbbeyond tﬁe range of the dafa.

The célbrs are then assigned to the data items, followed by the
encoding of the division ranges into the display'form (the coior shade
code). The miniﬁal field width for the set of divisions is calculated

and used, including space for commas in large numbers as needed. Also,
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a histogram of the data as divided is automatiéaliygédmpiléd and diépléyed.
The shadeé'or textures, stored in data item order, are then A;Sigﬂed'

to the polygdns_on the map file. There are two steps in this process.

First each pblygon_is assigned its appropriate coiOr.b,Then the polygon list

is reordered 56 that all areas with the same color are groupéd together;

This enables fhe use of one film file, thus allowing an essentially unlimited

number of shadés, and requires random access to the map in the graphic output

.modulé.
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'VI. The Graphic Output Module

The next'function step in CARTE is to put out the map image as

spe01f1ed on the approprlate files. There are two parts to.this~procéss:'

puttlng out area outlines, labels and- shading, and creatlng the tltles

legends and other cosmetics.

A. Area Outlines, Iabels, and Shading

There aré two cases to be considered here. fhepfirst is:that]éfv7
cross-hatch mapping' In this case all of. each"map is on one frame,lbut.
more importantly, the areas are in NICKEL format [2] | Thus.for.each'area,
for each map, the display file is generated from the stored map The'3:
process is stralghtforward conceptually, but,the generation of shade -
lines relatively costly. It is the fact that the'shading for an area.
will probably vary that reguires us to store the map in 1ts source form.

The second case is for multi~color mask or dot maps | Here, in the setup
phase, the dlsplay file for the entire map was generated and saved. Thus
to generate an area's outline, labels, and shading,'wephave only to'transfer
its pre-generated display code to the -color buffer with-dot'sizes being
changed for dot maps. As can be expected the cost of this method is much
cheaper than that of cross-hatch. |

The_effectlof the color, generated by the distribution'module, depends
upon the type.of map being produced. In the case of'cross-hatch, the
orientationvand spacing of the shade lines is affected. In the case of -
mask, the choice of output frame is affected. .In the case of dot, the choice

of outputframe;and'dot size is affected.
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B. Creating”Titles, legends,vand Other Cosmeticsﬁvj}

The {itles:and legends may wary from map to mapti Thus'ﬁhe‘display
file for them_must be'generated.eachvtime;’ ”

Everybtitle is deScribed internally by several CharacteristicS° 3'
centering point character size and orientation,number of lines allowed g
' below the centering point width of & line in characters, number of
characters, and the text of the title The title draw1ng routlne takes-”
this information and centers it below the given point, creating as many
centered linesvof text (hrokenvat blanks) as necessary. |

Drawing_the legend 1s a bit more complicated;s_The5programiisugiyen
an area in which to place the legend, the legend text, the.tert‘describing ]
the color code, the allowable height and width range'for'the.box for each
color; and the allowable range of character sizes;aisince the given :
legend area and/or the number‘of colors uSed,rand/or:text lengths may
vary from mapbto_map, the allocation of space within the legend box is
recalculated for each map. o -

' The process is as follows first, for'maXimum:character size,
enough space is allocated to draw the_legend. Then with the remaining area,
the program decides whether to place the color,code and boxes in a
row horizontallyior vertically Once this is decided‘ an estimate is made
of the unit width or height respectively (the space needed per interval)
This estimate is then tested to see if the code and box for a color can
fit in. If not the estimate is revised by changing-the number of text
lines allowed, the code and legend character size, and the box size until
a solution is reached or infeasibility is shown. The algorithm is’ set _

to maximize the size of the individual color boxesg The area required
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[3
X

'_ by the legends and color codes is derived by an 1nVerse operatlon k

e

of- the title drawing routine, i.e., given text, 1ts display space is

computed‘i' » '; '
Once the space for each element Within the legend box has .been

allocated the elements are centered within the given ‘area and drawn

I1f so dlrected the program will give the type of f1t tried the text

displayed and the spacing 1nformation it computed
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VII. Data Strncture and Memory Management

For largeimaps, memory becomes & scarce resource,i Thns'CARTE
minimizes its memory reQuirements:by storing the map_on auxiliary
storage in a:compact form (for screen'type maps); byghaving the size
of many of,itS‘working arrays determined at execution time, by'swapping.l
these working arrays in and out of memory as needed and by us1ng only

as much small core memory and aux1liary storage as needed

A.  sStoring the Map

A map in CARTE consists of a series of closed polygons, each

describing an area that can be shaded. Accompanying the points for

each polygon is a set of descriptors primarily for.matChing with the-_

data and a set of labels or area names associated w1th that polygon
The set of polygons comprising a map is stored differently depending
upon the type of map to be produced. 1In cross-hatch mapping, an 1mage

of the map input file 1s kept on disk thus allowing=for.later modification'.

of the map (e.g., further windowing, changing the viewport). This.

approach requires'the-calculation of shade lines for each map. In the
case of screen type maps, the shade lines need be generated only once,

so a different, less expensive, approach may be used " The approach is

-t0 create a graphical data structure as described by NeWman and gproull [3].

In this_case,htheiraw map is no longer the data base,‘the display filev
created in.the setupwphase of the_program is used as the.data base for
the map. This has two major advantages: it reduires less space to store
and the cost of generating a new display file for each map is eliminated

Its only disadvantage is that the map cannot be e3511y rede51gned later 1n'

i



- -38-

a run.

_Inf%ﬁis approach, two blocks of memory are'ﬁfeafed for each polygon:
one for lggelsrénd outline, one for shade lines. :ThéSe dispiay file
biocks aferstoted in random access mass storage in sééueﬁce aé‘generated.
Since it is unpredictable whether or.pot the Shadiﬁg'fbr a poiygon,will be
used on any.giQen map, pointers and block lengthsfére képt.for'each block.

The métﬁbd of creating the graphical data stfucture is to savé the
contents of ﬁhe'co1of buffer -as the test frame for'ﬁhelCOM is'generated.
This has théfadVantage of minimizing memofy reQuirehénts during the
creation and_léter generation of maps. This imp1ies fﬁat when- the
display:file bléck for a polygbnfs,outline or shadiﬁg is longer than the
buffer size iiiis broken upvinto buffef loads. Thué‘the array of map
‘block pointers is an array 6f singly-linked lists of’thé buffer loads
comprising éiblbék. Figure 6 summarizes thé’strucfdré of this array.

It is organi%ed so that the first buffer load (usﬁélly‘fhe only one) is

accessed by the polygon number plus a constant.
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~ Display code blocks for each polygon are
‘ described by two singly linked lists -
one for outlines and labels . .°

. one for shading

[}

v initial
o , list nodes

for outlines

initial
list nodes

L]

for shading

N
UV .

AN
ANN

P ‘ :

I:"-‘ s . subscquent nodes
- | for both outlines

4 and shading

Hypothetical Picturé of
- Map Pointer Array

4 | Count cof extra nodes

‘List pointer for polygon i. -is
i " for outlines and labels
i+npoly for shading

List node structure

: - | Word: RAMS
YLink (Count| Address

Link = .0 indicates terminal node
U . of list L

# 0 gives index of mext

. node

Figure 6. Structure of Map Pointer Arréy
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B. The Dynamic and Fixed Length Structures

The méb%fdrawn by .CARTE so faf'have ranged f}éﬁZQ\tO'SIOO polygons.

Thus the size 3?ﬁﬁany arrays varies widely, and more imp0ftant1y, would
overflow memorfﬁif kept in core at'oné time. For ﬁhese a vafiable sized
dynamic allocation was adopted. Other arrays,'suéhfgé those for map
and table titles, have small variétion in size. Thése_areikept at-a fixéa
size. o |

- Figure 7 depicts the elements of CARTE's data;;tfuctﬁfe. The terminal
tnodes,of the freg compriée the major drrays bf the ptbgfam.
The{fixe&flength'arrays ére_those.under‘map énﬁ‘féble cdsmetics
_since'these"vafy within small ranges. "Also of fix;djléngth i$ the érray
of polygon ﬁaﬁeS, because the names and points for_oﬁiy one polygon at
a'time need be in core. The péintS'array is Vafiab1e becausé the
maximum numbéf,bf poinfs needed can rangevfrom'tenhté thouéands. Thus
including the points array there'are ten arrays ofivariable sizes.
The size of the variable data arrays is computed f;ém.thé data set header
éard; while‘thé'size of the ﬁép arrays 1is computedbfrdm a preliminary‘ﬁass
through the mapfile in the setup module. The next'$ecfiqn deséribes fhe

management of the variable arrays.
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Figure 7. DATA STRUCTURE OF CARTE

-

-~ Terminal nodes are data structure elements

‘Shaded Map
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/
7/
-/
/
For scrcen or dot ‘Shading Colors
type maps . Arrays _ ' '
Level 2: -/////]\\\\gg\\
, ' . Map‘ :
Program Generated Pointers X y - segment
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C.  Memory Management

Because_fﬁgfqpefationé of the ﬁfdgram are kﬁan;;the.management
of memory is’aiééﬁ#ﬂbwn. Small cbre:memory, wheré“thé current  arrays
are kept,-i;;ffeéiéd like a modified stack. Thus>the‘twb'basic‘staék
operations_afgfused: putting -a block on top of thé §;ack, aﬁd freeing
“the block onvt§p°of the stack. o

Any'blogkiin the_gtack is‘accessible and the?é?ératibn.of freeing
a block low'oﬁfthe stack frees all hemory above.it}1 __

When a:biACk of memory is created, a‘statﬁs flaé'indicatesbwhethér
this is a plééé for new data or a place tb,put daté 5¢ing.saved in‘auxjijuyy
storage, in whiéh case the block from auxiliary isfmoﬁed into its new |
small core 19¢éfion. When a block of memory isvfrééai fhe'status‘flag
indicates one of three options: free fhe memory ; méve'the'blbck down to
stack locatigﬁ' x, freeing all above; of free thétﬁéméry,.saving the
b10ck at the ne*f available location in auxiliary §t6rage.

Thus;'for~éach of the ten arrays, a block leﬁgth)'a_small core
addréss, and;é>iarge core address are maintained, :The:memory map in

" Figure 8 depiéts‘the contents of SCM and auxiliaryistorage over time.
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Figure 8. MEMORY MAP FOR CARTE* OVER TIME
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D. Random Access Mass Storage

The CARTE progtam is deeigned to make effieientiuse of random
access mass stémage. On the CDC 7600.in use at LBL,*this takes the
form of 512;000ﬁnords of large core memory (LCM)‘and two 75 million
word disk files. All processing takes piace in 65 bOO words of fast
memory (called small core memory or SCM), so CARTE transfers blocks
of data between fast memory and auxiliary storage as requlred Large
core memory is always treated as a random access f11e, with dynamlc
allocatlonvof blocks of memory. In the case the data structure
'overflows LCM,_the program automatically swltches'to random access;
disk files.:'fhis combination of fast memory, large eOre-memory and
disk filesiallows CARTE to handle a wide range of‘map files in an
efficient and‘cost—effective manner. Experience witn.the program
has shown thatamemofy management is a necessary feature for a mapping
program, 51nce maps produced have ranged from nine areas with a few

thousand p01nts ‘to over 3,000 areas with ‘more than 100 ,000 points

(over 200,000 WOrds).
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VIII. The Symbéi Mépping Nodule .
A. Introductofy Considerations

CARTE produces shaded maps. It was first designéd for choropleth mapping,
where geographic entities are accurateiy described by hoiygons.' Geographic en-
tities may also beipoints and lines. To shade point dat;‘if ié necessary to
represent each point by a s}mbol. (Lines can be shadgd by expanding them in
width.) Shading.pbint data is called symbol mapping. aUser-defined symbols, each
défining a locality type, are placed at specified coordinates on a base map,
and shaded accordinglto the range of a common attribute; Examples are allocation
of funding by type_of sponsor and power output by type of‘generation facility;

.The placemgnf and shading of a polygon presents no broblem, but complica-
tions arise if symgolé are allowed to overlap. (In chofopleth‘mébping non-
overlapping symbols.are drawn.) If two symbols overlap, it must be decided which
goes on' top. Thﬁs”the conception of depth is added. Aisé; algorithms for gen-
eral polygon—polygon.élipping are needed, so that just £he visible portion of
a symbol will be drawn and shaded. And an efficient me;né of storing and
- searching the already compiled portion of a map is needed; in Qrder tovdetermine
if symbols do indeed overlap. |

A symbol may have many instances; it may be placed at many different
‘places on the map. Each instance of a symbol may remain whole, become paftitioned'
into fragments, of have holes (islands) added to_it;. This fequires a fiexible
data structure for Sﬁoring symbols. Also, a user may not kﬁow the map coordinate:
for a symbol. He méy wish it to be.plaéed'anywﬁere witﬁih ajgeoarea. Thus,
the program must be able_to place the symbol in a suitable location.

Experience has shown that it is usgfui to annotaté éach symbol. Thus some
facility for generéting (placing) symbol annotation must;bé*provided.

- In the output bhase, as in choropleth mapping, thé'data.items are output
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. '«Figure 9, Basic Data Structure for Symbol Maps
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in shade, not dafa item, order. Anvindex pointing to all.he;essary information
to draw and shade]eath symbol must be built. B |

These considerations are built into the symbol mébpiﬁg,module ovaARTE énd
will be,discussed~in more detail below. The basic data SfrUCture'will be dis- |
cussed first,_as it is the foundation upon which the algofithms.are built.

B. The Basic Data Structure

The following sections describe the basic elements of the data structure

‘used in symbol mapping. They are basic in the sense that they are global to the

compilation and output phase of producing a éymbol mapu."

1. Symbol Point Storage. A symbol may be defined'by a collection of closed

polygons a code defining its type, and a text definition.. The points of -each
user-defined symbol are stored in a block which includes the radius of the symbol

about the origin, and the actual points as a series of closed polygoné,-also rel-

"‘ative to the origin. This makes it easy to place a symbol anywhere on the screen

~and allows mahy'daté items to use the same symbol definition. The radius simpli-

fies checking for 6ver1ap.

The outer edges of a symbol go in one direction while islands, or inner

edges are indicated by a flag and go the other way, e.t., counter-clockwise on the

outside, clockwise on the inside. This is essential for correct traversing of the

symbols when clipping.

The collection of basic symbol definitions is saveé_in RAMS untii it is
time to compile the'syﬁbol map. At this time they»are loa&ed into‘dynamic ﬁemory
allowing them to be treated in the same way as generated symbols by other parts éf
the data structure;A Variations on the basic symbois gene?afed by overlap are
stored in the same manner aé the basic symbols. They are stored at the next avail-

able location in dynamic memory.

2. Data Item Elements. Associated with each data item to be represented on

the map are, as in choropleth mapping, a set of keys, a namé}_and a shade. Also -
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stored in data item brder are symbol type code, and space for a symbol andflabel
Xy .coordinate (to be generated if not already supplied).

3. Structure for Searching the Map. The screen is‘partitioned into subareas,

each larger than any éermissible symbol radius. Each subarea of the screen is
represented by a 1inked_1ist of nodes indicating the data ifems piaced in that
-subarea. As each §§%é item is placed a new node is addéafto the appropriate subarea
list. | |

A node consisfs of threeiparts -- the data item nﬁmﬁéf, a.péihter fo the
points defining that instance of the appropriate symbolvtyﬁé; and a:pointér‘to‘
the next node on the‘iist. The data item number acts asiabﬁointef to the elements
described in section 2. |

There may be d;ta items which are not drawn;_ Thué:the'ﬁodes‘érevstored in
dynaﬁic memory inte;spersed ﬁith points for new symbols. )

4. The Index. " The index conéists simply of poin#éfs_to.ﬁhe appropriage.node '

locations in dynamic memory. These pointers are stored in data item order.
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JC. Algorithms

1. Overview.;_The process of producing a symboln@ap is divided into two
phases — that of compilation and that of output. This‘enables the produétion of
more than one map, i.e. different shading, from one compilation.‘_Figure 10 shows
a flow chart of fhe §ompi1ation phase, whi@h is described in sections 2-5. This
condensation allows tﬁe compilation phase to be relafively cost1y, since it is
performed only oﬁce. The clipping algorithm also can be reiatiVély costly, since
it is executed fpr_jﬁst a small subset of cases.

. 2. Depth. Selection by depth forms the outermost‘i§op of the éompilation
module. . Depth is_aefined'by symbol type in order of definition. Thus if symbol
type 1 to n are étacked on top of each other, symbol 1 will be completely visible,
while symbol n will be least visible.

,This_means all data items with symbol type 1 are coﬁpiled first, allvthose
with symbol type n last. If two symbols of the samé deptﬁ'(i.e. ﬁype) overlap,

the one compiled first will be most visible.

3. Symbol Cenfer and Label CoordinatevGeneration,';Iﬁvsome cases, the symbol
is to bé placed aﬁywhere within a polygon from the base map. Thus the symbol center
must be generated.. Affer finding the appropriate base mépvarea by matching keys,
the program shades;fhe area finding feasible regions in théxsame ﬁanner as automatic
label placement. Theée regions are tried until one with.ho oﬁerlap is foﬁnd. If
no suéh region exists; then the symbol center is the center §f the rectangle
circumscribing the area.

Label coordinétes, if not supplied, are created so fhat the item name will
appear one character width to the right or left of its symbol.

4. Searching the Map; After being transformed from data to screen space,

the symbol center is combined with the points of its basic symbol type. These
absolute points are uséd by the clipping algorithm. Using the radius of the symbol,

part of the already compiled map is searched for'overlap5:
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Figure 10. Overview of Symbol Compilation Phase

;ffﬁ? depth 4 = 1 to n do
Find data item with depth = d

Load - symbol ‘center

. If center not supplied, then generate
- Transform center to screen space

- load symbol points and radius

" Tor- each of nine subareas do

For each node on subarea list do.

If old symbol and new symbolleQerlap'then
load points of old'symboi '
Clip new symbol to old symbol -

Store new symbol node

Store index entry

Store points if clipping occurred
‘Store center and label coordinates
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‘- |

The node list§ for at most 9 subareas are traverséd'(ﬁhe'qne the symbol
center falls inté'énd the eight surrounding). Since ;Hélgcfeeﬁ is partifionedAingo
100 subareas, thiéféearch includes at most l/lO.of the'screén. Tﬁé surroﬁnding
subareas must be cheéked because, even th0ugﬁ the new symBol center falls:in‘only
one suBarea, its_ﬁdiﬁﬁs may Qverlap into others, ggg:symﬁols centered ih étber
Subareag méy errlap_into the subject's subarea. |

J For each podé,;the circle described by its center and radius_is compared
wigh the circle deééribed by the new symbol's center and rédius. If the circles
. overlap, it is prébéble that there is symbol ovérlap and thejclippingbroutiq?s,
are activated. Oniyvthén are the points of the old symboi;loaded.

N This method pfovides a quick and efficient means ofléeérching_;he mapiﬁvwheh:
thé search is complgte, a new node is added to the appropriate subarea 1ist,aqd
_thg‘symbol boints sto;ed, if clipﬁing occﬁrred.‘ An entry.ihto the index for that
data item is aiso ma&e; |

5. The Clipping Algorithm. When the probability of overlap has been estab-

lished, a four step_algorithm‘is followed to clip the new symbol so that it con-
forms to the boundaties of the already compiled symbol. A symbol is here defined
as a setvof one  or mofé fraéments (closed polygons represgn;ing outer gdges), and
zero or more islandév(élosed polygons représenting inner'edgeé). The four sfeps
are -- build a relatidn table, compute intersection points, traverse the symbols;A
and compose the‘clipped_symbol.

First a relatioﬁ table,is bﬁilt,'indica;iﬁg prgcisely fhe_type or relation
that holds betwggn each gomponent of a'new'(subject).and old (object)‘symbol.
There aré fouf possibiiities -— 8§ inside 0; S outside, enélosing 0; S outside,
disjoint from O;'andjs intersecting 0. These relations are:determined by testing'

each point of each component of S against the points of each component of 0, using

the Shrimrat Straddle algorithm described in the paper, Point in Poixgon Algorithms
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by HRP Ferguson.. if_S - is outside O, the reverse test éf each point of'the.O
component with résééé;”tq the .S component is requireé tO“detgrmjne'eﬁcldspre of
disjointness.

Nekt,iall intersections for the fwo symbols are comp;ted; - This step uses
the point-slope mefhodvof computing intersection points‘between llne segments.

To facilitate traQé?éing, each intersection point is reﬁ;ésented as: X, y, its
S line, its O 1ine,:and a statﬁs'flag indicating whétherf§:~not it is active.

With this iﬁfofmation and the different brientations'of inner and outer
edges, the symboié éré_eésilyrtraversed, generating fragments and/or composite
symbols. Thé most difficult part of the traversing algériiﬁﬁ is-finding the
corréct point to start the traverse. An intersectioﬁ poiﬁttmust be found which
can act as the érigin'of an S 1inejsegmeﬂt. .This'is done_gy:tésting the midpbint
of the line segmentkformed’by a prospective intersection péiﬁt and the next S QérQ
tex as to wﬁether it.is-outside the O component the intersgdtion poiht was genéréted
from. | .

Once a correét'starting point has been found, the aigorithm is as follows:

1. nFolle-SL(in line direction) until.next interséétion point.

2, Follow d (opposite line direction) until nekt.interseétion point.

3. If not s#arting point, go.to 1. |

4. =Computé next starting pbint, if any, and go to 1.

Fiﬁally coméé_the-step of composing the-clipped,symbol from the collec-
tion of original S and O-edges and the polygpns generaged by'fraversing. ‘This_ |
task is madé easy by the relation_table. .The algorithm is?as follows:

'1; ENTER all components of S not inside the outer edge(s) of O.
2. ENTEﬁ all components of S inside or intersecting an inner edge of 0.

3. ENTER‘éll'components'of 0 inside an outer edge of S and outside all
inner edges of S. B ‘

For this procedure to ‘work, two things are needed. First, the identity of each
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and edge starting point pro-
duced by algorithm



-54-

S and O component’and polygon generated by tfaversingiﬁuSt:be Knownm‘ This can be
done siﬁply by keeping a list‘of pointers to the curreﬁgvusé(s) of éach component,
updated dpring the éraverse. In complex cases, several cqmponents.can be used
in one ge;ératedipq¥ygon, or oné component can be split inté séveral polygons.

Second, thé‘ﬁNTERing procedure must perform seve;al édditional functions
besides simply entering points. It must make_sure.all géeéiof a component aré'
entered, deactivéﬁg all components used, and presérve line érientatiOn.r Any
outer edge of O wili Secome an inner-édge and any inne; edgéﬂof 0 will bécomé ad
outer edge of the éoﬁpqsed syﬁbol, if eﬁtered.

The proceSS'Of gomposing a clipped symbol is illustvétéd in figufe 11
The Composed symbol replaces the original symbol beingtpfécéssed.and the program
moves on to the nexf node on the.séctor 1ist. o -

An interésting featqre of_the algérifhm is tﬂaf_inner_edges dq not ﬁaQe to
be associated witﬁ théir enclosing outer edges. The pfogfammeSt.simply.know

. : S §

whether each compqneﬁt is an outer or inner.edge. ~ This is because,symbols are
considered.as a whole both in the clipping algorithm and ih%che 6ufput phaée'of the
program. | |

6. Producing the Map. Once the compilation phase is éomplete,‘thé symbql

‘map can be produced for many different Seté'of data valueé;, -Becaus¢ output'i; on
only one film filé,.twq passéS‘musf be made through the?déta.structure.i

The firsf péss dfaws.the symbol outlines. The prbgram‘simply.éassés
through the dictioﬁéry; drawing each component of éach é&mb&l'séparately. Names are
also drawn during this pass. |

The second pass produces thé shading. First the shades are processed to
ﬁroduce a list indicating which data items are to be draﬁn‘fdr each colo? frame.
Then, as each data'itém‘index is encounterea, the appropriate dictionary'entry is
aécessed, and; thfough the node, éll points and the céntef=f6r that éymbol aré'

combined and passed to the shading algorithm which generéfes the correct shading.
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‘D. Addéd Directivesff

For the functibﬁs described ébovévfo be made avail&ﬁle ﬁo ﬁhevusér; two
(only) direétivés wé;e réquired: Oﬁe for defining symbol types, and one for
plotting a §§§boi.1eéend. They are:

*USER-DEFINED SYMBOL, code, text def, N1, points, N2, points....
- outer'edge,_lst inner edge, etc.:

*VERTICAL SYMBOL LEGEND, N, xmin, xmax, ymin, ymax



REFERENCES
SYMAP Manual, Version 5.15, Laboratory for Computer Graphics

and Spatiél Analysis, Harvard University, Cambridge, Mass. 02138

Holmes, H.H., Austin, D.M., and Benson, W.A., "The MAPEDIT System

for Automatic Map Digitization", Computérs'and'Graphics,

- July, 1974.

Newman, Wiliiam M., and Sproull, Robert F.,'Principles of Interactive

Computer Graphics, McGraw-Hill, 1973.

Robinson, A.H., and Sale, R.D., Elements of Cartography, John Wiley

| and Sons,.1969.



- -58-

i“
[

'Map and Table Examples

U.S. by State (color)

e U.S. by County (color)

© U.S. by SMSA (color)
Denver base and inserts (color)
Upper Mississippi (cross hatch) _'

Prime Sponsor Symbol Map. (color)
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MAP 2 - Allocation of State Government Portion of CETA . suc evors
Title Il Funds For Public Service Employment - FY 1974
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OF CETA TITLE I1 FUNDS FOR PUBLIC SERVICE EMPLOYMENT - FY 1974

U.5. DEPARTMENT OF LABOR
MANPOWER ADMINISTRATION

TABLE 2 ~ ALLOCATION OF STATE GOVERNMENT PORTION1

UNITED STATES BY STATE

PAGE 3

RUN DATE 03/01/7%

LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA

STATE TOTAL STATE TOTAL
- ALLOCATION ‘ ALLOCATION
(DOLLARS) (DOLLARS)
Alabama 479,465 New Hampshire 311,234
Alaska 1,842,989 New Jersey 1,019, 144
Arizona 140,500 New Mexico 1,330,479
Arkansas 852 TT4 New York 5,576,351
California 5,212,978 North Carolina 0
Colorado 205,078 North Dakota 1,368,400
Connecticut 769,000 Ohio 2,741,000
Delaware 1,266,312 Oklahoma 947,054
District Of Columbia 2,258,500 Oregon 2,544 293
Florida 2,914,400 Pennsylvania 2,049,722
Georgia 273,353 Rhode Island 2,038,887
Hawaii 738,350 South Carolina 1,200,383
Idaho 1,996,800 South Dakota 0
I1linois 1,379,359 Tennessee 1,334,332
Indiana 1,221,564 Texas - 914 039
Towa 494,300 Utah 1,854 100
Kansas 0 Vermont 1,552,279
Kentucky 2,236,856 Virginia 1,779,814
Louisiana 3,915,830 Washington 5,321,565
Maine 2,771,077 West Virginia 3,261,649
Maryland 909,364 Wisconsin 4,496,520
Massachusetts 10,849,185 Wyoming 0
Michigan 4,845 TT6
Minnesota 4,793,023
Mississippi 702,000 Puerto Rico 10,677,698
Missouri 314,600 A.Samoa-Guam-Trust Territories 345,300
Montana 1,860,200 Virgin Islands 246,700
Nebraska 0 Indian Reservations 1,855,000
Nevada 473,759

1. FUNDS TO BE ADMINISTERED BY STATE GOVERNMENT FOR BALANCE OF STATE AREA

MEDIAN ALLOCATION BY STATE
MEAN ALLOCATION BY STATE

$ 1,368,000
$ 1,963,000
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U S DEPARTMENT OF LABOR
MANPOWER ADMINISTRATION

(¥

TABLE 3 - ALLOCATION OF TOTAL CETA TITLE II FUNDS
- FY 1974

FOR PUBLIC SERVICE EMPLOYMENT

UNITED STATES BY COUNTY

PAGE 5

RUN DATE 03/04/75

LAWRENCE BERKELEY LABDRATORY
UNIVERSITY OF CALIFORNIA

STATE AND COUNTY TOTAL PERCENT STATE AND COUNTY TOTAL PERCENT STATE AND COUNTY 0TAL PERCENT
ALLOCATION F ALLOCATION 3 ALLOCATION oF
(DOLLARS) NATION (DOLLARS) NATION (DOLLARS ) NATION
UNITED STATES TOTAL 367,800,738 100.00 Statemide 1,266,312 .34 Grundy [ .00
Irogquels 0 .00
ALABAMA 1,339,610 .36 DISTRICT OF COLUMBIA 2,258,500 .61 Johnson 52,210 .01
Autaugs 0 .00 District Of Columble 2,258,500 .61 Kane 121,600 .03
Balduin 0 .00 Lake 175,800 0%
t . g 88 FL?R!DQ 8,982,431 2.44% Lasalle 67,100 .02
scembise . Alachua ° .00 Mchenr 0 .00
Jetferson 421,471 .11 Baker ° .00 Macon ' 61,400 .02
Madlison 95,275 .03 Breverd 1,286,721 .35 Madison 787,203 3
Mobile 343,397 .09 Broward 478,436 .13 Massac 52,210 .01
Montgomery g gg Dtd; 772,173 .21 Peorie 118,200 .03
Tuscaloose . De Soto ° .00 Piatt 0 .00
Balance 0f Aladans 479,468 13 Ouval 245,000 .07 Pulaskl 52,210 .01
ALASKA 2,615,641 T E‘S':‘.'.‘ \oz,sog '83 g:‘:ﬂll’“nd w::':gg : gi
. sdsde . alr .
Anchorage Bivision 772651 .21 Hard 0 .00 58500 ‘02
Balance OFf Alasks 1,842,989 .50 Highiands -0 .00 0 .00
Kl?llborougl\ 90,500 .02 52,210 .01
ARIZONA 1,002,288 .21 Les 56,900 .02 Washington 0 .00
o n | gl o
na . onroe . nnebago .
Belance O Arlzona 140,500 .08 Nesseu e .00 Balance 0¢ 1{linols 1,379)3%9 .38
Okeechobee [ .00
ARKANSAS 971,57: %: Orange 427 100 -12 INDIANA 4,308,851 1.17
Faylkner . Palm Besch 734,300 .20 Adems [ .00
Littie River 37,100 .01 Pasco 222300 .06 Allen 0 .00
Lonoke .00 Pinellns 118,300 .03 Black?ord [ .00
Polaeki B SRS 200 on | vetaser o o
. araes L] . . re .
Saline 0 .00 Volusle 408:700 .11 Dubolis 0 .00
Balance Of Arkansaes 852,774 .23 Baiance Of Florlds 2,914, %00 .79 Elkhert 467,200 .13
. Glbsaon 0 .00
CALIFORNIA 54,769, 428 17.61 GEORGIA 1,284,951 .35 Lagrangs .00
Alameda 4,877,670 1.33 Bibb [ .00 Leke 500,300 14
But 680,703 .19 Burke 80,300 .02 La Porte 0 .00
Contrs Costas 1,762,161 .48 Chathem [ .00 Madlson 414 415 11
Fresno 1,660, 852 i Chattehooches [ .00 Marion 1,525,872 )
Humbo 14t 730,005 .20 Clay [ .00 Noble [ .00
Taperial 388,857 11 Cobd [ .00 Perry ° .00
Kern 594,905 -1é Columbia [ .00 Pike [ .00
Kings 176,483 .05 Cremtord [ .00 Posay ° .00
Lo:lhngolu 20,086,364 5.46 De Kald 931,298 .25 St Joseph 49,200 .01
Marin %485, 600 .13 Ewanuel [ .00 Spencer 0 .00
Merced 5\2:005 .1a Fulton 0 .00 T?pp.CIHOQ - 0 .00
Monterey 724,434 .20 Glascock [ .00 VYenderburgh 130,300 .04
1,769,800 .40 Herrls 0 .00 Vigo 0 .00
1,353,928 .37 Houston 0 100 Werrick 0 -00
1,945, 042 .53 Jefterson 0 .00 Whitley 0 .00
:Trnnrdlno :,g;:,?::‘! ‘:: Janking 0 .00 Betance 07 Indlans 1,221,564 .33
ago . Jones 0 .00 :
Francisco 3,587,946 98 Lincotn ° 00 | 1ouWA 577,200 16
Joaquin 1,346,328 .37 Medutffle [ .00 Black Hawk .00
Luls Oblspo 29,200 .01 Monroe 0 .00 Boons 0 .00
an Mateo 485,200 .13 Muscogee [ .00 Ol 0 .00
Sants Berbars 277,600 .08 Pesch [ .00 Jusper 0 .00
Santa Clera 1,506,293 .. Quitean [ .00 Linn ] .00
Santa Cruz 741,389 .20 Randolph [ .00 Madison o .00
Solenc 338,600 .09 Richoond 0 .00 Marion 0 .00
Senoma 1,084,513 .28 Screven 0 .00 Poik 82,900 .02
Stanisluus 1,704,636 .86 Stewert [ .00 Scott o .00
Tujare 616,200 A7 Talbot 0 .00 Story ] .00
Ventura 5448 600 .18 Tuliiaferro 0 .00 Warraen 0 .00
Yoto 279,409 .08 Twiggs [ .00 Woodbury ° .00
Balence 0f Californla %,212,97¢ 1.482 Warran 0 .00 Balance 0f lowa 494,300 .13
Wilkes [ .00
C(::ORQDO 958,97: gg Belance 0t Georgia 273,353 .07 KANSAS 355,800 .10
L1 . Butler 0 .00
:rq:;hno ] .og HAMATT 2,817,732 .17 Johnson 0 .00
oulder [ .0 Henoluly 2,079,382 .37 Lesvenworth [ .00
g:n;-r :gg,ggg tl):li Balance Of Hamalli 138350 .20 Sedgmick 131,800 .04
aso . S nee 134,800 .04
Jefferson "o .00 1DAKD 1,996,800 .54 Wyandotte 897200 .02
:H?Nﬂ 0¢ col 140,100 .08 Statemide [C1 1:996,000 .54 Balance Of Kanses 0 .00
alance elorsdo 205,078 .06
’ ILLINOIS 9,268,145 2.52 KENTUCKY 3,726,153 1.01
CONNECTICUT 5,829,029 1.58 Alexender 52,210 .01 Bourbon [} .00
Falrfleld 1,913,533 .52 Bond 34,800 .04 0 .00
Hartford 1,674,839 - %6 Boone ] .00 Faye 41,200 - .01
New Haven 1,472 056 .40 Cass ° ~00 Frankiin ! .00
Tolltand 0 .00 Champalgn [ .00 Jefferson 317,400 .09
Balance Of Connectlcut 769,000 .21 Cook 4,794,000 1.30 Jessanine 0 -00
Dy Page 0 .00 Kenton 130,400 0%
DELAWARE 1,266,312 .34 Ford ¢ 0 .00 Madison ‘e -00
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ALLOCATION OF TOTAL CETA TITLE II FUNDS

PAGE 6

RUN DATE 03/01/7%

U 5 DEPARTMENT OF LABOR T
LAWRENCE BERKELEY LABORATORY
MANPOWER ADMINISTRATION UNITED STATES BY COUNTY UNIVERSITY OF CALIFORNIA
STATE AND COUNTY TOTAL PERCENT SYATE AND COUNTY TOTAL PERCENT STATE AND COUNTY TOTAL PERCENT
ALLOCATION OF ALLOCATION ALLOCATION [
(DOLLARS) NATION (DOLLARS ) NATION (DOLLARS) NATION
Rursl Cep 1,000,296 .27 Koochlchling 127,023 .03 Cnondage 273,900 07
Scott 0 .00 Lake 127,023 .03 Dr-ng'g 541,800 s
Woodford ° .00 Ramsey 718,100 .20 Oswego 3267605 .09
Balance Of Kentucky 2,236,856 .61 Rursl Cep 1,558,570 .42 Putnam 51,050 o1
St Louls 9707324 .26 R 1 T .
LOUISIANA 1,723,932 2.10 Scott ) .00 Rocklend 19:"2.88 g;
173,849 .05 Washington 30,300 .01 St Lawrence w16 11T 11
338,469 .09 Balance Of Minnesota 4,793,023 1.30 Saratoga 118,700 03
on 126,400 .03 Schenectady 125100 03
East Baton Rouge 613 880 AT MISSISSIPPI 850,000 .23 Suftolx 1,229 700 33
Jattarson 276,700 .08 Hinds 148,000 .04 Ulster '355‘200 10
Jsttaraon Davis xg:.,:gg -0 Rankln o lerton 0 .00 Westchester 648,050 .18
atayette . slance sslss 702,000 .19
gr| y N 2’008:003 RH (1] ’ Befance Of New York ) 5,576,351 1.52
uschita .00 MISSOURI 2,201,656 .60 NORTH CAROLINA 113,200 03
Repldes 67,300 -02 Coss e .00 Buncombe "o ~00
Balsnce Of Louisiane 3,918,830 1.06 Clay 0 .00 Chatham 0 00
Franklin 143,200 D4 Cumber land .
MAINE 2,771,077 .15 Greene "o .00 Durhes 29,208 %0
Balance Of Maine 2,771,077 .75 Jeckson 0 .00 Forsyth 85,000 .02
Jetterson 260,900 .07 Geston e .00
MARYLAND 2,642,539 T2 Platte 0 .00 Gullford 0 .00
Allegany 301,297 .08 Ray [ .00 Johnston 0 .00
Anne Arundel 0 .00 5t Louls 1,482 956 40 Las 0 .00
Beltimore 491,300 .13 Balance OFf Missouri 314,600 .09 Mecklenburg 0 .00
E:rroll 0 .00 Onslom 0 .00
raderick 67,700 .02 MONT-ANA 1,860,200 .51 Orange 0 .00
Sar;ot: Zgg,:gg .gb Balance Of Montenas 1,860, 200 .51 Wake 0 00
artor .01 Balunce Of North Caroll .
Noward ! 0 00| NEBRASKA 459,800 .13 e e ° 00
gomery . 459,800 13 NORTH DAKOTA 1,368,400 37
Prince Georges 398,376 1 ‘e .00 Bal + North Dak ‘368 .
Heshingtan 2.‘0‘0:000 or o . o alance 0f North Dakotas 1,368,400 .37
Belance Of Maryland 909,354 .25 Belance Of Nebraske 0 -00 ONWID 12,027,601 3.27
: Ashtsbula ) .00
MASSACHUSETTS 19,968,140 5.a3 NEVADA 2,049,406 .56 Butler 514,000 - 1a
Bristol 1,038,068 .28 Clark 1,135,347 .31 Clark 209,820 .06
Hampden 1,489 377 &0 Washoe 440,300 12 Columblana . ! .00
Middlosen 2,691,983 .73 Balenca Ot Neveds 473,759 13 Cuyaho 33,321,148 9.06
Plysouth 407,983 Rt Delawars T .00
auffolk 3,234,603 .89 NEW HAMPSHIRE 311,234 .08 Franklin 428,100 .12
Bur:ntor 253,938 .07 Hitlsborough o .00 Geauga ‘e .00
afance Of Massachusetts 10,889,185 2.98 Rockinghasm 0 .00 Gruene 31,800 01
Strufford 0 -00 Hasliton 1,334 .
MICHIGAN 42,391,110 11.53 Belance Of New Hampshire 311,234 08 Leke o '“: :38
Allagen 253,326 .07 Licking o .00
sy 624 883 AT NEMW JERSEY 18,457,128 5.02 Loreln 173,400 .05
Berrlen 816 0%z .22 Atlentlc 888, 419 .24 Luces 908200 .25
Calhoun 509, 430 Jds Bargen 602,478 -16 Ashoning 476,300 .13
Ellnton 145 030 .04 Burlington 779,100 .21 Medins 32)600 01
snten 145 050 .04 Casden 1,356,700 .37 Montgomery 8867157 .24
"lnun. ®,237,783 1.15 702,005 .19 Portage 192200 .05
lllhd le 319,700 .09 Essex 2,992,739 .83 Prable o .00
lngh- 1,161,832 .32 Gloucester 477,600 .13 Stark 207,500 .08
Jon:. 3910776 BT Hudson 3,033,066 .82 Summit 268,500 .07
K" sen 119,900 .03 Mercer . 865,709 .13 Trumbull 2437800 .07
K-I:lnou 344 762 .09 Alddleser 1,217,800 .33 tayne "o .00
en 1,797 117 .49 h 1,157,100 .31 UWood 58,200 .02
597,099 .18 169,900 .05 Batance Of Ohlo 2,7417000 5
603186 18 771)128 ‘21 o ’
1,943 238 .53 Pasanle 2,29%,540 .62 OKLAROMA 1,510,787 .41
n 273,600 o1 Somerset o .00 Canadian Y | 00
Rantceln 391,776 11 Unlen 521,900 14 eland 0 -00
0:: egon s 2;:,::3 &l): Balance Of New Jorsey 1,019,148 .28 Comenche 83,000 .02
» . Croek
g:; 100 650 .03 | NEW mEXICO 1,858,594 .51 Logan me 00
: llll 449 670 .12 Bernalille 520,114 14 Ok lahoma 257,533 .07
S:gc?:Tr },;:3,:}: ;_l' Balance Of New Mexlco 1,330,479 .36 Osngs "o .00
Shiawassee " 964, 425 ‘26 | wew vor Tulse 195,500 -085
, . 37,571,226 .
H||:: l;,g‘;;’:::g .59 R bany '138:000 \o.gi Balance Of Oklshoma 947,054 .26
13,818, 3.76 Allegeny 126,000 .03 OREGON 4
Balunce Of Michigan 4,845,776 1.32 Broome 152,400 .04 Clackamas R Y
Cottaraugus 126000 .03 Lane 6867349 19
n:rrffgn 10,128, 362 2.75 Cheutsuqua 126000 .03 Marion 3267675 09
oyt XZ',OZQ .03 Chemung 223,300 .08 Multnomsh ! .00
Pt 47,600 .01 Dutchess 73,4800 .02 Polk 467,422 13
S 127,023 .03 Erie 4,635, 282 1.26 Washington "o .00
EUN 127 .00 Monroe 395,573 -11 Yanhil 167,748 .05
betrta ,023 gg :::‘;:rl 1o ;:g,gg: !Ag.' Bufance Of Oregon 2,5'0‘0:2‘73 .69
. .31
H.
I:::::In \,f:g,:gg -32 Nisgers 1,250,575 .34 | PENNSYLVANIA 20,414,396 5.55
) .03 Onelds 621,494 17 Allegheny 2,639, 440 T2
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STATE AND COUNTY TOTAL PERCENT STATE AND CDl!'NTV TOTAL PERCENT STATE AND COUNTY TOTAL PERCENT
ALLOCATION oF . ALLOCATION OF ALLOCATION OF

(DOLLARS) NATION (DOLLARS) NATION (DOLLARS) NATION
Armstrong 125,024 .03 Clay 0 .00 Botetourt [ .00
Beavar 194,400 .05 Colllngsmorth 0 .00 Chestertfiold [ .00
Badford 292,334 .08 Cowatl 0 .00 Cralg 0 .00
-Barks 110,130 .03 Coryel! 0 .00 Franklin [ .00
Blalr 159,840 .04 Cottla 0 .00 Goochland [ .00
Buecks 420,636 .11 Dailes 47,600 .01 Hanover [ .00
Butlaer 126,000 .03 Deaf Smith 0 .00 Henrico 0 .00
Casbria 109,143 .03 Donley 0 .00 Isie Of Wright 0 .00
Carbon 81,500 .02 Duvel 0 .00 James City [] .00
Chaster .00 El Paso 600,300 .16 New Kent 0 .00
Clarion 95,900 .03 Falls 0 .00 Poshatan 0 .00
Ciinton 384 432 .10 Fayetts ° .00 Prince W iliem 0 .00
Crasford 210,300 .06 Foard [ .00 Roanckse 0 .00
Cumberland .00 Freestone [ .00 Southempton [ .00
Deuphin 41,200 .01 Frio 0 .00 York 0 .00
Delaware 505,664 <14 Galveston [ .00 Alexsndria [Ind Cltyl 0 .00
Erte 37,600 .01 Gillespie 0 .00 Chesapeske [Ind Cityl 53,300 .01
Fayette 528,009 .14 6ra . 0 .00 Clifton Forge [Ind City) 0 .00
Forest -00 Guadalupe [ .00 Covington [?nd Cityl 0 .00
Franklin .00 Hall [ .00 Fairfax LInd Cityl 0 .00
Fulton 292,334 .08 [ .00 Hawpton Lind Cityl 91,500 .02
Huntingdon 292,334 .08 ° .00 Newport News [Ind Cltyl 228, 004 .06
Indians 71,300 .02 Hardeman [ .00 Norfolk [lnd Cltyl 485,810 <13
Luckamanna 772,497 .21 Hardln [} .00 Portsmeuth [Ind Cltyl 244,658 .07
Lencaster 76,979 .02 Herris 1,146,500 .31 Richmond [Ind City] 246,282 .07
Laprence 347,086 .09 Hartley [ .00 Roanoke [Ind Cityl 0 .00
Lebanon .00 [ .00 Selem [Ind Cltyl 0 .00
Lehlgh .00 0 .00 Suffolik Tlnd Cityl 126,900 .03
Luzerne 896,221 .24 813,172 .22 Virginis Beach [*»d Cltyl 0 .00
Lycoming 111,277 .03 0 .00 H[I?ll-sburg Ulnd Cltyd o .00
fercer 365,847 .10 Hutchinson 0 .00 Balance Ot Virglinis 1,779,814 .48

Mantgomery 327,600 .09 Jack 0 .00
Northampton 0 .00 Jetfarson 308,500 .08 WASHINGTON 14,097,201 3.82
Perry [} .00 Jim Wells o .00 Clark 0 .00
Philadelphla 6,327,164 T2 Karnes [ .00 King 3,791,618 1.03
Schuylkil] 612,966 AT Kendsll [ .00 Kitssp 421, 756 L1
Somerset 248,701 .07 [] .00 Plerce 1,562,304 42
[ .00 [ .00 Snohomlsh 982,244 .27
] .00 0 .00 Spokane 997,294 .27
Washington 337,368 .09 0 .00 Yeklms 1,020,515 .28
Westmoreland 1,183,483 .32 Les 0 .00 Balance Of Washington 5,321,565 1.45

York - 40,000 .01 Limestone 0 .00
Balance Ot Pannsylivania 2,049,722 .56 Lipscomb [ .00 WEST VIRRINIA 3,261,649 .89
Live Ok [ .00 Statemide [C] 3,261,649 .89

RHODE ISLAND 2,609,691 .73 Llisno [ .00
Providence a9 804 .18 Mclennan 63,500 .02 WISCONSIN - 6,926,912 1.88
Balance Of Ahode Ialand 2,038,887 -85 Mcoullen o .00 Dane [ .00
Meding 0 -00 Fond Du Lac o .00
SOUTH CAROLINA 1,200,383 .3 Bllas 0 .00 Kenosha 0 .00
Statewide [C1 1,200,363 .33 mills [ .00 Ml fwsukes 1,713,300 .47
Montague o .00 Jutegamie 0 .00
SOUTH DAKOTA ] .00 Nueces 384,000 .10 Ozaukee 0 .00
Balance 0Of South Dakots o .00 [ .00 Recine 108,792 .03
0 .00 Rock 555,300 .15
TENNESSEE 2,060,732 .56 [ .00 Welworth 0 .00
Davidson 67,200 .02 [4 .00 Wa 0 .00
Hamilton [] .00 [ .00 Wayk 0 .00
Keox 33,700 .01 [} .00 Winnsbago 53,000 .01
Shelby 625,500 AT foberts 0 .00 Balance Of Wisconsin 5,496,520 1.22

Sulllven 0 .00 San Patriclo . 4 .00
Balence Of Tennesses 1,334,332 .36 San Sabs [ -00 WYOmIiNG [ .00
Selsher [ .00 Balance Of Uyoming ° .00

TEXAS 6,924,732 .18 Tarrant 186,600 .03
Aransas 0 .00 Travis o .00 PUERTO RICO 16,376,891 4,45
Archer 0 .00 594,058 .16 Maysguez Munlicipio 622,156 AT
Armstrong 0 .00 [ .00 Ponce Munlelplo 1,475 108 .40
Atascoss 0 .00 [] .00 Sen Jusn Municiple 3,601,929 . .98
Banders o .00 Wilbarger 0 .00 Balance Of Puerto Rico 10,677,698 2.90

Bastrop 0 .00 Witlacy 25,200 .01
Baylor [} .00 Nillfamson [ .00 A.SAMOA—GUAM-TRUST TERRITORIES 345 300 .09

Bee 0 .00 Milson 0 .00
Bell [ .00 Youn . [ .00 VIRGIN I1SLANDS 286,700 .07

Bexer 726,000 .20 Bulance Of Toxas 914,039 .25
Bosqus 14 .00 INDIAN RESERVATIONS 1,855 000 .50

Bowls 202,558 .06 UTAH 1,854,100 .50

Briscoe [ .00 Statewide (C] 1,854,100 .50

Brooks [ .00
Burnet 0 .00 VERMONT 1,552,279 42
c 0 .00 Balance 0f Vermont 1,552,279 42
411,902 11

. 0 .00 VIRGINIA 3,329,672 .91

0 .00 Alleghany [ .00

Childress [ .00 Arllngton 73,4500 .02
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SASA TOTAL PERCENT SMSA TOTAL PERCENT SMSA TOTAL PERCENT
ALLOCATION F ALLOCATION OF ALLOCATION OF
(DOLLARS) NATION (DOLLARS) NATION {DOLLARS) NATION
UNITED STATES SMSA TOTAL 251,125,601 100.00 Mecon, Gs. [ .00
Omaha, Nebr.lows 989,400 .39 Hami [ton-MiddTatomn ,0hlo 514,000 .20
Grand Rapids,Mich. 2,247, 447 .89 Montgomery Ale. 0 .00
New York, Ny-N, 20,938,008 8.34% Youngstown.Warren,Ohio 720,100 .29 Poughkeepsise, Ny. 73,400 .03
Los Angeies-Lohg Beach,Ca. 20,086,364 8.00 Flint,Mich. 5,202,208 2.07 Saginew Mich’ 1,153,416 .96
Chlcago, 111, 5,321,300 2.12 Wiimington, Del- Ny Mo. \,256,312 .50 Lowel! Muss-Nh. 591,800 .24
Philadelphia,Pu-N;. 10,194, 466 4.06 Greenviile-Spartenburg, Sc. .00 Weterbury Conn. 320,100 .13
Detroit, Mich. 20,976,401 8.35 Paterson-Cllfton-Passalc,Nj. 2,295, 5‘!0 .91 686,349 .27
San Franclsco-Oskiand, Ca. 11,198,577 4.6 Long Branch-Asbury Park, N \ \57 100 46 28,200 .01
Washlngton Dec-Md-Vu. 2,730,276 1.09 Ortando,Fla. ‘027 100 W17 191,400 .08
Boston Mass 5,980,673 2.38 Lansing-Esst Lansing Mich. \,5‘03,708 .13 Sevanneh, Ga. S0 .00
Nassay- Suffolk Ny. 1,491,700 .59 Rafeigh-Durhem, Nec. 0 .00 Stanford, Conn. . 299,500 212
St.Louis Mo-II11. 3,871,993 1.5% New Haven-MWast Haven, Conn. 685,317 .27 Sante Ross, Ce. 1,044,513 42
Pittsburg,Pu. 4,354 688 1.73 Fresno, C 1,660, 842 .66 Roancke, [ .00
Dallas.Fort Worth Tex. 234,200 .09 Tacoma, MWash. 1,562,304 .62 Hod':to .. 1,704,636 .68
Baltimore, Md. 518,400 .21 Herrisburg Pe. 41,200 .02 Sprlngfllld Ohlo 209,820 .08
Claveland, Ohio 3,353,748 1.34 Salen,Orae 794,097 .32
Newsrk, Nj. 3,684,539 1.47 Uho-llng N Va-Ohio 37,533 .0t
Housten Tex. 1,146,500 Bl Knoxviile, Tenn. 66,600 .03 Mcallen Pharr- -Edlnburg,Tex. 813,172 .32
Minneapolls-St Paul, Minn.Wis. 2,044 400 .81 Bridgeport,Conn. 1,346,433 .54 Topeke,Kans 134,800 .05
Atlente Ge. 931,298 .37 Centen, Ohio 207,500 .08 Battle C JMich. 509,450 .20
Sesttle Everett MWash. 4,773,862 1.90 Wichits Kans. 131,800 .05 Lubbock,Tex. 27,200 .01
Anshalm.St Ane.Gurden Grove Ca 1,769,800 .T0 PMoblle, Ala. 343,397 14 Muskogun Muslugen Helghts Mich 765,463 .30
Miimaukes, Wis. 1,713,300 .68 Oxners-Siml Velley-Venturs, Cs. 644,600 .26 Terrs Haute 43,900 .02
Cincinnat, Onlo.Ky-Ind. 1,630,224 .65 Baton Rouge,Le. 613,880 .24 Atlantic Cléy Nj. ' 888,419 .38
Sen Dlego, 6,829, 161 2.72 Worcester, Mess. 253,938 .10 Sprlngfluld 111, 58,500 .02
Butfalo, Ny. 5,885,857 2.34 Chl‘ltunou,l Tenn-@s 29,100 .01 Recine, Wi 108,792 .04
Kansss City Mo-Xansas 89,200 .08 Dsvenport- Roek Isl- Rel In-111. 76,600 .03 Pnrtl-na Matne 57,500 .02
Miumi Fla. 772,173 .31 Gslveston-Texas Clty Tex. .00
Denver-Boulder, Colo. ‘006 500 Y Fall River Mass-RI. 343,700 .14
Riverside-Sen Bern-Ontario, Coe. 3, 130 288 1.49 Fort Wayhe, Ind. .00 Deytons Beach,Fla 408,700 .16
El Paso, Tex. 600,300 .24 Springti ,Mo, o .00
Tueion, Ariz. 98,500 .04 Lincoln,Nebr. o .00
Indianapoilis, Ind. 1,52% 072 .61 Palm Beach-Bocs Raton Fle 734,300 .29 Steubesnv!ile-Welrton,Ohio-W, Va 68,000 .03
Tempa-5t Petersburg,Fle. 431,100 AT Besumont.Port Arthur-Orange, Tx 308,500 12 Champaign-Urbana- Rentoul 1|I 0 .00
San Jose,Ca. 1,506,293 .60 Peorls, 1. 118,200 .08 Cedor Raplds,lows 0 .00
Naw Orleans, La. 2,877,308 .99 Utica-Rome, Ny, 780,394 .29 Naw Bedford,Mass 549,400 .22
Columbus, Ohlo AT5,900 .19 Charleston,Sc. 3‘0'0 800 14 Asheville, Ne 0 .00
Poatlend, Oreg-Wesh. 482,698 19 \13,8‘09 .07 Fort Salth, Ark.Okla. 0 .00
Phoenlx, Arlz. T63, 208 .30 Mox. 528,114 .21 Biloxi.Bulfport, Miss 108,100 ..04
Rochester Ny. 672,573 .27 Newport Nems-Hampton, Va. 319,504 .13 Killoen-Temple, Tex. [ .00
Providence -Warwk-Petkt Ri.Mass 649 804 .26 York, Pe. 40,000 .02 Green Bay, Wis. 143,708 .06
Dlhrn'lcld Ce. 594,905 .24 Brockton Mass. 407,983 .16
Little RockiNo Littls Rock, Ark .00 Parkersburg-Merletta,W.Va.Ohio 37,533 .01
San Antonlo, Tex. 726,000 .29 Austin Tex. .00 Waco, Tex. 63,500 .03
Loulaville, Ky-Ind. 317,400 .13 Colusbis,Sec. 26,900 .02 Leke Charles,ta. 338, 469 13
Dayton,Bhio 934,307 .37 Lancester Pe. 76,979 .03 New Britain,Conn. 269,112 11
Des Molnes,lows 82,900 .03 Yakima, Wash. 1,020,515 -4
0 .00 Trenton Nj. 4565, 109 .19 Amarillo Tex 0 .00
Memphls, Tonn-Ark-Miss. 62%,%00 .25 Ilnshlltnn Ny-Pa. 152 400 .06 Jockson Mich. . 119,900 05
Sacramento,Ca. 2,470,451 .98 Rending Pe 110,130 .04 Bronnsville.Hari-San Benlto,Tx 411,902 16
Albany-Sch tedy-Troy,Ny. 716,154 .29 Msdison,Mis. 0 .00
Blrmingham, Ala. 451,671 .18 Stnciton Ce. 1,346,328 .54
Toledo,Ohlo-Mich. 1,240,000 -89 . Spok.ho,ﬂnh. 997,298 .40 Anderson,Ind 414,415 217
Gresnsboro-Win Sel-Hlgh Pt Nc. 85,000 .03 Huntingten-Ashland, W.Ve.Ky.0M 424 581 AT Provo-Orem, Utah. o .00
Evunlvfll. Lnd- Ky. 170,500 .07 Mltoonas, Ps. 159,840 .06
Corpus Christi Tex. 3847000 s St.Cloud,Minn. 0 “00
Hartford,Conn. 1,044,600 .42 Huntsville,Als 952758 .04 Lyncaburg Va. o .00
Salt Lake City-Ogden,Uteh. 1,854 100 218 South Bend. Ind. 49,200 .02 bleterloo-Ceder Falls, Tome 0 .00
NashvilTe-Davidson, Tenn. 67,200 .03 Appleton-Oshkosh Wis. 53,000 .02 Manchester Nh. [ .00
Oklahoma City, okia 257 533 .10 Augusta,Ba-Sc. 106,700 04 Alexundrie,La 67,300 .03
Norfolk-Va Besch. Prhl(h Ve-Ne 7!3 768 -3 Les Vngu Nev. 1,135,347 45 H-nﬂlald,éhlo 279,350 L1
Rocktord, Il 137,900 .05 Wichita Falls, Tex. 0 .00
Lulngtun Fayette, Ky 41,200 .02 Myncie, Ind o .00
Akron, Ohio 460,700 .18 Duluth-Superior Minn-dis. 970,324 .39 Patersburg-Col Hgts-Hpwell, Va o .00
Syracuse, Ny 713,705 .28 Sts Barbera.St Meris-lLompoc,Co 277,600 .11
Gary-Hammond-East Chicago,Ind. %$00,300 .20 Erle,Pa. 37,600 .01
Honolulu, Hamall 2,079,382 .83 Johnstoen Pa. 357,846 .14 Fayotteville-Springdele, Ark. o .00
Northesst Pennsylvanie 1,668,718 .66 Jackson Miss. 148, 000 .06 No 1k, Conn 127,000 .05
Jecksonville, Flu. 245,000 .10 Caurence-Haverhill Mess-Nh. 275,106 1 Norwsik, Conn 127,000 .05
Fort Luudurd-lc Hollymood Fla. 478,436 .19 Kalamezoo-.Portage, Alch. 344 T62 14 Decatur,11Y. 61,400 .02
Jersey Clty f 3,033,866 1.21 Charleston, W.Va. 291,819 212 hnchnrlgu Alasks 772,651 .31
Allentown. lutb hm-Esston,Pe-N) 132,000 .08 Lorain. Elyrln Ohio 173,400 07 Sants Crul Callf, 741,589 .30
Vallejo-Fairfield-Napa,Cs. 379,400 .15 Abilane Tex 0 .00
Shiinas-Seaslde- Hunhr.y,C- 72‘0 434 .29 Vinelsnd-Millvile-Bridgeton,N; 702,005 .28
N Brunswick-Prth Am-Syrviie,Nj 1,217,800 .48 Pensacole, Fls. \02 300 .04
New London.Norwlch Conn A1, 3\,000 .01
Kingsport-Bristol, Tenn-Va. 0 .00 Reno,Nev 440,300 .18
Chartotte.Gestonla, Ne. [ .00 Coloredo Springs, tolo. 107,300 .04 Sarasots, Fla. 52,600 .02
Tulse,Okls. 282,600 .11 Columbus, Ga-Ala. o .00 Fargo-Moorhead,N Dak.Minn. [ .00
Rlchmond, Ve. 246,282 .10 Ann hrber Mich. 1,072,560 .43 Clarksville-Hopkinaviile, Tn-Ky [ .00
Springfield-Chic.Hol, Mass-Conn 1,282,900 .51 Melbourhe Titusvililae- Cocoa,Fla 1,286 721 .51 Pueblo,Colo. 140,100 .06
Laskeland.-MWinter Haven,Fla. 890,300 .35 Kenashs, Wis. 0 .00
MEDIAN ALLOCATION BY SMSA ¢ 286,300

MEAN ALLOCATION BY SMSA

$ 930,100
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MEAN ALLOCATION BY SMSA

s 930,100

SMSA ToTAL PERCENT
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Florence,Ala #0, 400 .02
Bay Clty, Mich. 624,883 .25
Sioux Clty, lowa-Nebr. 0 .00
Tuscaloosa, Als 0 .00
Danbury, Conn 149,600 06
Monroe,Le o .00
Williamsport Pa 111,277 .04
Tawarkana, Tex-Texarkane, Ark 321,358 .13
Bolse City,ldeho 48,100 .02
Letfayette,le 76,300 .03
L ette-West Latayetts, In 0 .00
Tallahessee Fla. 35,300 .0
Lawton Okia. 83,000 .03
Wilmington Ne 0 .00
Fort Myers,Fls. 56,900 .02
Gainesville Fla. [ .00
Bloomington-Normsl 111, 0 .00
Anniston Alas 0 .00
Elmira Ny. 223,300 .09
St.Joseph.Mo. 0 .00
Fitchburg-Leominster Mess. o .00
Tyler, Tax, [4 .00
Plttstinld, Mass. 188,700 .08
Albany,Gs 90,000 .04
Burlington Ne. [ .00
Sloux Falls,5 . Dak, o .00
Gedsden Ale. 75,216 .03
Richland-Kennewlck, Wash. 275,900 A1
Odesse, Tex. 0 .00
Dubuque,lome 0 .00
Btilings, Mont. 0 .00
Nashue Nh. [ .00
Pine Blutt Ark [ .00
Rochaster Minn. 0 .00
© Sharman-Denlsan Tex 0 .00
Gresf Falls, Mont. 181,200 .07
Columbia Mo. . [} .00
La Crosse Wis. 150,100 .06
Owensboro Ky. .00
Laredo,Tex 594,858 .28
Lewiston-Auburn Malne ° .00
Sen Angelo Tex. 4 .00
Bristol Conn. 198,500 .08
Midland, Tex o .00
Bryan-.Colluge Statlon Tex. (] .00
Merlden, Conn. 313,400 12
PUERTO RICO
San Juan 3,601,929 1.43
Ponce 1,475,106 .59
Caguss 856,384 .34
Maysguet 822,156 .28
MEDIAN ALLOCATION BY SMSA 4 246,300
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DENVER-BOULDER, COLORADO SMSA
DENVER INSET
BT
R
UNEMPLOYMENT STATUS - ALL MALES
1970 CENSUS OF POPULATION
LEGEND PERCENT OF TRACT
DATA NOT AVAILABLE BELOW 2 [ 2~ 5 : : 21 - 30 ABOVE 30
U.S. DEPARTMENT OF LABOR LAWRENCE BERKELEY LABORATORY

AR
MANPOWER ADMINISTRATION UNIVERSITY OF CALIFORNIA



UNEMPLOYMENT STATUS - ALL MALES

COUNTY CIVILIAM W01 PERCENT PERCENT | COUNTY CIVILIMN MOT  PERCENT PERCENT| COUNTY CIVILIAN L AL PERCENT | COUNTY CIVILIAM NOT  PEMCENT PERCENT
[ LABON  EWPLOYED OF OF SMSA LABOR  EWPLOYED OF OF SMSA MD LABOR  EMPLOYED _ OF OF SRSA AND LABOR  EMPLOYED _OF OF Smsa
CENSUS FORCE TRACY CENSUS FORCE TRACY | CENSUS  FORCE CENSUS TRACT
TRACT TRACT B TRACT TRACT
DENVER 310,147 11,153 3.6  100.0 7005 1,39 10 ] 1 1302 1,062 28 2.6 .3 5202 870 a2 6.3 )
T007 b 19 2.6 .2 1401 1,497 1.5 .2 3501 » > » .
ADMSS 45,3482 1,852 3.2 13.0 7008 200 3 2.5 .0 1402 1,107 38 3.4 .3 5502 149 L} 3.8 .
7800 1,08 50 .6 R 7000 [3 o .0 .0 1403 871 hid 5.2 A 3303 508 9 1.8 -
T900 1,150 57 5.0 .5 7010 50 3 6.0 .0 1500 800 9% 11.9 9 5601 281 0 -0 .
8000 1,800 W 33 k3 7011 17 0 0 0 1600 838 123 1a7 (81 8701 ) ] N3 .
8100 58 5 K] 0 7051 ”n s 1222 .0 1761 299 89 29.9 8 6801 1,010 3 3 .
8200 1,3%9 3 2.5 .3 7052 280 [} 2.1 -1 1702 1,006 ‘%Y 5.9 .5 6802 21 1 .
8302 08 5 1.2 0 1056 rs 5 13 0 1800 557 M1 a 6803 1,481 28 1.9 R
8303 148 o 0 .0 7100 s21 10 1.9 1 1900 868 16d 9.6 T 6804 .3 ° .0 .
8400 518 10 1.9 By 7200 1,629 45 2.8 & 2000 377 20 5.3 .2 6901 638 5 -8 .
4501 2,510 (1] 3.4 .8 7300 1,993 51 kL .5 2100 1,625 17 1.2 1.0 6902 125 5 3.2 -
8302 2,218 1 1.9 R 7400 1,349 29 2.1 -3 2300 1,398 15 8.2 1.0 7001 624 18 2.2 B
8503 &5 3.8 2 1500 812 13 2.1 .1 2401 905 111 12.3 1.0 7002 2 0 .
2504 133 18 2.3 .2 7600 613 46 1.5 .8 2402 365 30 19.4 .8 8301 1,232 3 .
2401 1 n 5.0 .3 7701 626 22 3.5 2 2500 361 28 7.8 .3 9700 0 .
8602 1,359 45 L4 N3 1702 B804 13 1.6 21 2601 1,07 % 7.0 .7 10601 kLS 0 .
4701 5 .0 .0 2602 57 Tl 9.5 .6 11500 [ 30 N
8702 2,672 162 b.1 1.5 |BOULOER 38,356 1,363 4.0 12.2 2701 1,782 124 T.1 1.1 11901 204 o .
8703 1,248 48 3.8 N 12101 1,30 1.8 .2 2702 1,723 100 5.9 .9 11902 930 bl .
3801 1,079 60 5.8 .5 12102 1,67 68 4.1 N 2103 1,97% 123 6.2 1.1 11903 31 5 .0
8802 1,113 57 4.9 .5 12103 81 13 1.4 Y 2801 1,027 52 5.1 .5 12001 156 0 .0
8901 59 8.1 .5 12104 121 0 .0 .0 2802 1,564 122 7.8 1.1
8952 428 y t.9 .0 12201 1,357 5 T.0 .9 2803 1,335 5 4.9 .5 (JEFFERSON 62,345 1,677 15.0
9000 1,981 42 2.1 & 12202 1,082 90 8.3 .8 2901 1,041 65 6.2 N 9801 731 .2
9100 1,618 33 2.7 .8 12203 616 2% 8.2 2 2902 1,256 38 3.0 .3 9902 355 13 .
9200 1,343 38 .5 3 12300 1,012 68 6.7 b 300y 1,814 T6 a2 .7 9303 657 13 .
9301 2,53 89 3.5 .8 12401 1,377 58 4.2 .5 3002 29 49 5.5 R 9804 881 21 .
9302 1,963 55 2.8 .5 12402 536 3% 6.3 3 3003 1,007 48 4.9 -4 05 572 15 .
9303 729 16 2.2 .1 12501 3 17 5.1 2 3004 1,381 14 1.0 .1 9806 1,139 19 .
9304 987 "6 4.7 Rl 12502 798 21 3.4 .2 3005 478 10 2.1 .1 9807 513 22 .
9305 1,450 13 -9 -1 12503 T3 K1Y 9.1 3 3101 609 13 1% .8 9808 572 22 .
9401 1,323 19 1.3 .2 12504 1,935 (13 3.4 N 3102 1,235 106 8.5 1.0 176 40 Rl
9402 1,087 22 2.1 2 12505 1,217 58 .8 -5 3201 1,662 82 4.9 T 9810 1,050 0 . .3
9501 1,101 10 -9 .1 12506 1,695 39 2.3 23 3202 B7a a1 5.4 .8 9900 45, 19 8.2 2
9502 1,201 a7 3.1 3 12601 2,173 N 4.2 -8 3203 865 36 8.2 3 10000 960 &5 6.9 .6
9533 20 2.2 W2 | (12602 15% 4 2.6 -0 3300 1,008 40 4.0 B 10100 398 51 5.1 5
9601 2,169 a3 2.0 & 12701 262 13 5.0 1 3800 1,977 57 2.9 .5 10201 3,192 (13 2.1 .6
9602 1,334 62 4.6 .6 12702 773 19 2.5 2 3500 1,275 T2 5.6 .8 10202 1,674 25 1.5 2
9750 1,196 a7 3.1 .3 12703 570 0 .0 .0 3601 1,080 b 5.9 .6 10301 2,83 51 1.8 .3
12704 103 0 .0 .0 3802 1,112 105 9.4 .9 10302 2,876 61 2.5 .5
ARAPAHOE 40,714 1,078 2.6 9.7 12800 517 18 3.1 .2 3603 1,073 42 3.9 K] 10402 1,186 30 2.5 )
4052 55 ° .0 .0 12900 1,121 4 3.9 R 3r01 68 55 8.0 .5 104803 1,188 36 3.1 .3
4452, 0 o .0 .0 13000 5 26 2.7 .2 3702 1,959 62 5.2 .5 10451 61 6.5 .5
4852 52 4 1.1 .0 13101 2,252 46 2.0 .8 3703 960 37 3.9 23 10501 1,971 42 2.1 B
5950 322 3 .9 .0 13102 0 0 -0 3800 1,110 50 5.5 4 10502 1,656 13 .8 .
5250 {1 0 -0 .0 13201 254 [ 2.4 -1 3901 1,125 13 1.2 Bt 10602 2,118 69 3.3 .
5150 130 0 .0 .0 13202 202 10 5.0 -1 3902 1,261 61 5.8 .5 10451 0 .0 .
5403 197 13 3.0 B 13203 5a8 49 8.9 -3 2001 2,161 61 2.8 .5 10700 2,119 &5 3.1 .
5551 210 29 T.1 .3 13204 173 10 1.3 -1 4002 1,084 15 1.% -1 10800 1,781 a3 1.9 .
5552 631 8 1.3 .1 13205 327 ° .0 -0 4003 1,723 52 3.0 .5 10900 1,885 48 2.5 .
5553 870 56 6.4 .5 13301 1,700 b4 3.9 -6 4004 732 ? 1.2 .1 11000 1,742 3 2.1 3
5602 1,097 21 1.9 -2 13302 1,590 63 4.0 .6 4101 817 22 2.1 .2 11100 1,612 98 6.1 "
5603 1,1% H R .0 13200 46 5.8 -4 2102 1,187 25 2.1 .2 11200 1,691 60 3.5 H
5604 2,81 88 3.3 .8 13500 1,336 &7 3.5 -8 2103 1,698 b2 3.7 .5 11300 1,073 56 2 3
5605 1,633 "0 .0 .0 13601 3 T.9 .8 4104 1,380 41 3.0 B 11400 1,370 6 %.6 3
5608 98 12 1.2 .1 13602 76 ¢ -0 .0 49105 19 4 .0 .0 11550 1,743 70 2.0 .
5651 1,862 36 1.9 .3 13700 1,122 50 3.5 .4 4201 1,388 57 4.1 .5 11600 2,031 50 .3 B
3700 911 49 5.% i 4202 1,128 63 5.7 N3 1701 [i 10 1.2 .
5800 939 29 2.9 .3 |DENVER 121,270 5,583 2.4 50.1 2301 1,386 ae 2.7 .3 11702 1,665 10 ‘.g .
5900 1,521 63 4.1 .6 101 t921 17 1.8 .2 4302 73 10 1.8 -1 11703 1,568 19 12 .
6000 98 33 3.4 .3 1 1,000 21 21 .2 4303 1,253 T -1 11708 1,608 26 1 .
6100 843 4% 5.2 & 201 1,145 25 2.2 -2 4304 1,576 ki 2.2 3 11705 1,060 \; 2.5 .
6200 1,186 26 2.3 .2 202 1,115 94 3.% .8 4305 1,150 10 .9 .1 11706 239 H 3..l) .
6300 1,0%0 41 3.9 .8 301 1,574 43 2.7 Bl 4501 1,828 78 4.3 T 1ror 1,132 3, i3 .
6400 1,010 3% 3.4 3 302 1138 a7 4.1 4 4402 5 12 21.) N 11801 1,055 39 33 .
6590 1,566 68 4.1 .8 303 1,428 Ta 5.2 .1 4501 1,671 80 5.8 1 11802 2,344 3 Y .
6601 1,119 30 2.7 .3 401 979 41 4.2 -4 4502 1,474 7 5.2 1 11951 201 12 9 -3
6602 2,010 37 1.8 .3 402 1,904 74 3.9 .7 3601 1,808 34 1.9 3 11952 14 = : .
6702 3 0 .0 500 2,029 52 2.6 -5 3602 1,m16 43 3.0 -4 11953 & . 23 3
6703 i [ 1.3 .1 600 B4 a8 5.7 4 4603 1,825 73 4.0 T 12002 1,590 R 3
6751 1,145 12 1.0 .1 701 970 5 8.8 -8 4700 1,493 15 1.0 -1 12003 1 H K -3
6605 gt 0 .0 .0 702 1,%20 112 1.9 1.0 4801 1,116 31 2.8 .3 1200% 290 Y R
6806 0 .0 .0 800 343 2 9.3 -3 4802 1,019 16 1.6 Y 12005 178 o i -2
6851 - . » - 901 2,166 68 3.1 N3 3900 489 5 1.0 .0 12006 1,028 2 i
6852 31 0 -0 .0 902. 1,569 hid 3.0 & 5000 1,640 50 3.0 8 1zog; :?; 9 2 R
6854 306 10 3.3 .1 1,321 53 a0 .5 5101 1,215 2% 1.9 .2 120 S a3 3 i 2
6951 441 10 2.3 Y 1000 -~ 1,011 38 3.9 .3 5102 1,862 21 1.5 .2 1200 H . 3 2
8952 3a71 13 3.7 -1 1101 T22 15 10.% .1 5200 1,170 29 2.5 23 12051 1 . .
7003 551 15 2.7 .1 1102 e 59 7.0 .5 5300 421 8 1.9 .1
T00% 504 12 2.4 .1 1301 1,206 61 5.1 .5 5801 18 o .0 .0



DENVER AREA INSET

PAGE 27

UNEMPLOYMENT STATUS - ALL MALES

1970 CENSUS OF POPULATION

LEGEND PERCENT OF TRACT

DATA NOT AVAILABLE BELOW 2 6 - 12 13 - 20

21 - 30 ABOVE 30

U.5. DEPARTMENT OF LABOR
MANPOWER ADMINISTRATION

LAWJRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
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BOULDER AREA INSET
UNEMPLOYMENT STATUS - ALL MALES
1970 CENSUS OF POPULATION
LEGEND PERCENT OF TRACT
DATA NOT AVAILABLE BELOW 2 6 - 12 13 - 20 21 - 30 ABOVE 30
LABORATORY

LAWRENCE BERKELEY
DEP ARTHENT OF Lﬁ{':.' UNIVERSITY OF CALIFORNIA

u.S.
RANPOMER ADMINISTRAT
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MAP 83 -~ EMPLOYMENT IN THE PUBLIC ADMINISTRATION INDUSTRY PAGE 37

S0CI0-ECONOMIC STUDY

LOCK AND DAM 26

UPPER MISSISSIPPI RIVER
AND
ILLINOLS RIVER

1970 CENSUS QF POPULATION

LEGEND

RUN DATE 01/10/75

MINNEAPOLIS-ST PAUL,MI-W] SMSA

MINNESOTA

PERCENT OF AREA

ABOVE 4.7
4.0 - 4.7
3.4 - 3.9
3.2 - 3.3
2.9 - 3.1
BELOW 2.9

,10un snsa |

WISCONSIN

LA CROSSE,WISC SMmSA

10WA

8

DAVENPORT-R T-MOLINE,I0~ILL SMSA

ST.LOUIS, MISSOURL DISTRICT
U.S. ARMY CORPS OF ENGINEERS

MISSOURI

ST.LOUIS, MO-1LL SMSA

HICAGO, ILL SMSA

PEORIA,ILL SMSA

ILLINOIS

LAURENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFOANIA
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TABLE 83 ~- EMPLOYMENT IN THE PUBLIC ADMINISTRATION INDUSTRY
‘ SOCIO-ECONOMIC STUDY, LOCK AND DAM 26

RUN DATE 0L/10/1%

51,1015, AMISS0URD DISTRICT UPPER MISSISSIPPI - ILLINOIS RIVERS LAWRENCE BERKELEY LABORATORY
U.5. AWMY CORPS OF EMGINEERS UNIVERSITY OF CALIFORNIA
SMSA AND NON-SMSA COUNTY TOTAL PUBLIC PERCENT PERCENT
AGGREGATION AREAS EMPLOYED ADMIN. OF AREA OF
ALL EMPLOYMENT REGION
INDUS.

REGION TOTAL 5,382,425 238,396 4.4 100.0
Itlinois River 138,278 4,628 3.3 1.9
Chicago,Ill Smsa 2,852,017 126,867 4.4 53.2
Peoria, Ill Smsa 134,501 3,954 2.9 1.7
St.Louis Mo-Il Smsa 914, 474 51,355 5.6 21.5
Davenport-R.Island,lo-I1 Smsa 139,926 6,570 4.7 2.8
Dubuque,lo Smsa 33,408 805 2.4 .3
La Crosse, Wi Smsa 30,005 1,028 3.4 4
Minneapolis-St.Paul Mn-Wi Smsa 815,273 32,685 4.0 13.7
Upper Mississippi River 324,543 10,504 3.2 4.4
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MAP 13 - Allocation of Total CETA Title Il Funds

For Public Service Employment - FY 1974

Region IX by Prime Sponsor

*uuncz OF STATE

(@ wasHoE co
@surTE 00

numcs OF STATE

[ sacramento-voL0 (C)

3
(O sonoma co

@ sovano co

RICHMOND
CONTRA COSTA
ERKELEY

SAN JOAQUIN-STOCKTON '(C)

co “

i

sanTa cruz co @

san mate0 oL

OAKLAND
ALAMEDA T E B (C) .
(O sTanIsLAUS CO ™\
SANTA CLARA-SAN JOSE (C) N

MERCED CO N\,

9 ¢

PAGE 30

ARIZONA - CALIFORNIA - NEVADA -

HAWAII - AMERICAN SAMOA - GUAM -

TRUST TERRITORIES OF THE PACIFIC ISLANDS
FEDERAL REGION IX

£ \\‘
@ vonoLuLy  ROLOKAL
NSert

LANAT

£ i 3 o
if KAUAI

LOCATED 25 Ml
NW OF OAHU

PRINCIPAL ISLANDS OF
HAWATI

: @ moNTEREY €O
SYMBOL LEGEND

\
O consortiun
A cITy

O  county
<Y BAL OF STATE ¢

LEGEND

[[] FRESND CITY-COUNTY (C)

[ TuLARE-KINGS (C)
P il

\

@ san Luis 08B1SPO CO ) \
@©xern co
@ sanTa BARBARA CO N

@ VENTURA O

TOTAL ALLOCATION (DOLLARS)

ABOVE 2,000,000
1,000,000 - 2,000,000

600,000 - 1,000,000

400,000 - 600,000
1 - 400,000
[}

L T @ L0s ANGELES €O
““GLENDALE
AA PASADENA  [I] INLAND MANPOWER ASSN (C) P
L0S ANGELES [ e
TORRANCE", 7
LONG BEACH 4\

“~.[] oraNGe co ()

N

@ 1reer1aL co |

. [ san p1EGO R E T C (C) /

MEDIAN SPONSOR ALLOCATION
$ 763,000

U.S. DEPARTMENT OF LABOR
MANPOWER ADMINISTRATION

“_[0] LAs VEGAS-CLARK €O (C)

*MLANCE OF STATE

[ PHOENTX-mARICOPA (C)

[ tucson-pIma ()

LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA



TABLE 13 - ALLOCATION OF TOTAL CETA TITLE II FUNDS
' FOR PUBLIC SERVICE EMPLOYMENT - FY 1974

AUN DATE 12/13/78

U.S. DEPARTRENY OF LABOR LAWRENCE BERKELEY LABORATORY

MANPOMER ADMINISTRATION . o REGION IX BY PRIME SPONéOR UNIVERSITY OF CALIFORNIA

PRIME SPONSOR TOTAL PERCENT PRIME SPONSOR TOTAL PERCENT
ALLOCATION OF ALLOCATION OF
(DOLLARS) REGION (DOLLARS) REGION
REGION IX 70,984,153 100.00 Merced Co 512,005 .72
. Monterey Co T24 434 1.02
ARIZONA : 1,002,288 1.41 Oakland 2,233,139 3.15
Phoenix-Maricopa L[C1 : 763,288 1.08 Pasadena 180,824 .25
Tucson-Pima [C1] 98,500 .14 Richmond 429,230 .60
Balance Of State 140,500 .20 San Francisco 3,587,946 5.05
San Luis Obispo Co . 29,200 .04
CALIFORNIA 64,769,428 ~ 91.24 San Mateo Co 485 200 .68
Alameda T E B [C1] 1,752,888 2.47 Santa Barbara Co 277,600 .39
Fresno City-County IC1 1,660, 842 2.34 Santa Cruz Co 741,589 1.04
Intand Manpower Assn [C1 3,730,289 5.26 Solano Co 338,600 .48
Orange Co LC1 1,769,800 2.49 Sonoma Co 1,044 513 1.47
Sacramento-Yolo LC1 2,224,452 3.13 Stanislaus Co 1,704,636 2.40
San Diego R E T C [C1 6,829 161 9.62 Torrance . 58,000 .08
San Joaquin-Stockton [C] 1,346,328 1.90 Ventura Co 644 600 .91
Santa Clara-San Jose [C1 1,506,293 2.12 Balance 0f State 5,212,978 T.34
Tulare-Kings I[C1 792,683 1.12 :
Berkeley N 891,643 1.26 | HAWAIT - : 2,817,732 3.97
Butte Co 680,703 .96 Honolulu 2,079,382 2.93
Contra Costa Co 1,332,931 1.88 Balance 0f State 738,350 1.04
Glendale 0 .00
Humboldt Co 730,005 1.03 | NEVADA 2,049 406 2.89
Imperial Co 388,857 .55 Las Vegas-Clark Co LC1 1,135,347 1.60
Kern Co - 594,905 .84 Washoe Co : 440,300 .62
Long Beach ' 974 187 1.37 Balance Of State . 473,759 .67
Los Angeles 10,324,021  14.54 :
Los Angeles Co : 8,549,332 12.04 | A.SAMOA-GUAM-TRUST TERRITORIES 345,300 .49
Marin Co 485 600 .68
MEDIAN ALLOCATION BY PRIME SPONSOR $ 763,000

MEAN ALLOCATION BY PRIME SPONSOR $ 1,571,000



LEGAL NOTICE

This report was prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United
States Enerqy Research and Development Administration, nor any of
their employees, nor any of their contractors, subcontractors, or
their employees, makes any warranty, express or implied, or assumes
any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process
disclosed, or represents that its use would not infringe privately
owned rights.
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TECHNICAL INFORMATION DIVISION
LAWRENCE BERKELEY LABORATORY
UNIVERSITY OF CALIFORNIA
BERKELEY, CALIFORNIA 94720





