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Map Smart: Design and Build Effective InfoGeographics
Using PROC GMAP and Software Intelligence

LeRoy Bessler, Bessler VisuComm & InfoTech

introduction and Acknowledgements

Leam good map design and best use of SAS* and SAS/GRAPH"
software for more effective, more efficiant exploration and
prasentation of 3 data. Macres and programs are
raysable and adaptable, by even a new or infraquent user. | cover:
best type of map; best area-fill fo show raspanse leve; effective
use of color; readable annotation ofstates with text, data, rank, and
city markers; and dynamic genaration of data-appropriate
PATTERN statements, legends, and rasponse-range formats.
InfoGeographics* is my name for “statistical mapping”, “themalic
mapping", "Business Geographics”, or the functions of 2
Geographic Information System (GIS). IG can be done with PROC
GMAP, without recourse 1o a GIS. You can also apply concepts
and techniques prasented here to use of SAS/GIS® or to building

a custom GIS application.

Rationale-based Response i
*Softwave inteligence” (Sf). Three rafionales are presended, but
others also can be automated. Use of St was demonsirated in
other workc. See, e.9., LoR. Bessler, "Sofiware Inteligence:

Hons That Customize Themselves®, in Proceedings of the
Eighleenth Annual SAS Users Group Intemational Conference,
SAS Institute Inc. (Cary, N.C.), 1993.

My general-purpose maps—The Four-Color/Four-Range Map, The
Fve-Color/Five-Change-Range Map, and The N-Color/N-Cluster
Map-—are usable for many infoGeographic " They
communicate as much information as passible with a single image.
{As time parmits, the presentation will also inciude InfoGeographic
exampies other than those in this paper.}

When annatating areas filed with gray shades, or with dark oy
intense colors, custom-developed “blanking” provides an inset box
of white space, to assure readability. it was first reporied on by

S. J. Subichin in "Enhanced for Annotation on
SAS/GRAPH Maps”, in WISAS Volume 5, June
Issue, WISAS Inc. {South Miwaukes, Wis.), 1993,

| provide adjusiments fo the USA state-center coordinales in the
vendor-supplied SAS/GRAPH data set MAPS.USCENTER. They
penmit more annotation {o be inlaid without cressing the state
bourxiary. The annotation box is as equidistant as possible from
all near-points of the boundary.

{ am pleased o thank Gary F. Plazyk, who suggested | iwvestigate
cluster analysis as a too! io solve The N Color Map Problem.

Why Maps? _ _
Ot ak the contrivances hilherto devised for the benef? of

, the map is the most effective. in the extent and variety
in rapicity of ulterance, in the copiousness and
of the nformation it communicates, in precision,

reference, in partabfity, in the happy combinalion of SO many and
such usefhd qualities, a map has norival. Everything we say ordo
has mference to place, and wheraver place is concemed a map
doserves welcome. There is scarcely one depariment of
mm,wmm.wmmdmm
to geography it is indispensable. Modem technology has advanced
the process of making maps considerably, and a map siilt has no

rivalinits
G.B. Geenough
Presidential Address to The Royal Society
London, Englgg
1

119

Most SAS user sites have large amounts of data that include
geographic unit area designators (in the USA, state code is
probably commonest). Though this data can be reported in various
tabular formats, a geographic sffect (e.g., that of proximity) is not
easily revealed without an InfoGeographic. Also, for preseniation,
a visual image fs more interesting, stimuating, and memorabie
than a mere ksiing.

Why Annotation?

Any map can be supplemented with detail look-up data. Detait can
be a full list in key sequence, a ranking report based on response
level, or a Top NN List of the NN most signficant (ie., highest
response) ic unit areas. Better is to inlay all detail

S iomated anccta

the respective geographic areas, with
autom: ion. Interactive graphic aditing is not suitable for
hands-off, production applications. Most good, supposedly
one-shot applications usually end up as ongoing production.
Just Say "No™ to the Designer Drug 3D
Use the straightforward two-dimensional CHOROPLETH map.
The 3D atematives-SURFACE, PRISM, and BLOCK maps--are
picluresque, but impractical. SURFACE maps are oo vague for
serious communicaion. PRISM and BLOCK maps suffer from the
response for some *high* states hiding that for “low™ states.

Make it "Easy On the Eyes” With Area Fills

Use of paraliel fines or cross-hatching not only yields an ugily
image, but also can confuse boundary with area-fill elements.

For some InfoGeographic applications, use of area fills to encode
different levels of response is functionally inappropriate. For the
use of tiot magps or bubble maps, see Plazyk, G. F,, "Using the
Annotate Faciity with Maps: A Tutorial®, in Proceedings of
MWSUG 971, MidWest SAS Users Group (Fox Point, Wis.), 19891,

Figure 1: SAS/GRAPH Defaults Unacceptable

The map in Figum 1 {done with the program in Appendix 3) is an
unacceptable map of a real data set, using PATTERN statements,
COUTLINE, and otherwise a default invocation of PROC GMAP.
The adverse rasult of accepiing SASIGRAPH defauli rangesis due
to iwo oulliers, 736 and 447; all other values are below 179. Note,
m,mmwmmmm,madotme
range boundaries which you might expect.

Four Color Map Problems .

The Original Four Color Map Problem: Can you prove that four
is the smallest number of colors needed to paint a map so that no
two adfacent couniries are the same color?

The Four-ColoriFour-Range Map Problem: f you want fo restict

an infoGeographic o four ranges that span the folal range of the

ﬂ;mned,ala, how can/shoid the program aulomatically specify
ranges?

Four Color Map Problem Solved, Using Automatic
Rationale-based Response Range Assignment

Even without an extreme result as Figure 1, it is befter to make a
delibarate choice of ranges, based on a rationale. in principle, that
requires you to have knowledge of the data disiribation. Before
creating the map, one can first do a PROC SORT and PROC
PRINT, and inspect the data. Howaver, that s inconvenient,
time-consuming, and laboricus, and can result in an arbitrary
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In a prior paper--"Effective and Efficient information Delivery for
Exacutive M

Inc (Gary NC),1992)—-Iemphaazedthat,typmlly,asmall

the cbservations account for a large majority, or evan
almostal! of the tolal response. A Top 10 or Top NN Report (ie.,
some one-page-or-less report) usually suffices, oﬂmaeeoumng
for 80% 1o 99% of the total response. For the data
Figures 1 and 2, theTopiOsta!esaucountfurssit%ofmeth
response.vﬁthsnstaiasmch the Top 10 states are, by
definilion, always above the 80th percentite.

My favorite percentile is the 50th, Le., the median. What | call *The
Power of the Median® si:srapresmh!we . The influgnce
of outliers sufiered by the regrettably popular averageis absent.

Regardiess of the specific choices, it is natural to breakup the total
ranga based on percentiles. One can use, e.g., the 20th percentile,
mdmmsom;:emanﬁe),andsmhpemenble. The resulting
four ranges may be calied, e.9., Very Low, Below Median, Above
Median, andVeryHugh.Oherrabonalesunbabﬂ-mmsbad.
£.g., one might prefer to use the mean and a mutiple of the
slandarddsviaﬁonwdavalopranges.lnﬂ'tatcmnaetion,eonsidar
how you might use Tehebychev's Thooram,
Percentile-based ranges create a falking point for the map.
Software defaults or arbitrary breakpoints cannot provide
concept-based defendabilily.

The program in Appendix 4 and macres in Appendices 6 and 8
solve The Four Color Map Problem, using S to do ARDRRA. See
the map in Figure 2. The legend “rimmed"” numeric
ranges, instead of text, if you specify LABELTXT=NQ. "Trimmed"
ranges use actual data values, emphasizing the intervange
separation. Traditional ranpes are *contiguous”.

Maximal Optimized Annotation, and Blanldng

The mapin Figure 2 does just about everything one could think of
for an InfoGeographic. (OK, everything that / could think of.)

Of course, if one also wants, say, Percent of Whole, a four-line
annotation could be done with a modification tn the ANNOVALL
DATA Step in the LISANNO3 macro. Four-ine annotation would
requing application of offsets to the state-center y coordinate, and

using only POSITIONSs 'S’ and '6'. ﬂ:enonewouldneedtuspwfy
asmallervalueforANNDFONT

Or ane could go the opposite diraction, and provide less annotaled
information. Two-fine annotation should use POSITIONs 'B, 'C,
'E', and 'F’ instead of the six values used here, Thenmecouid
specify a larger value for ANNOFONT.

The POSITION annotate variable is explained on pages 521-524
of SAS/GRAPH Software Reference, Version 6, FfrstEdtrm,
Volume 1, SAS Institute inc. {Cary, N.C.), 1990. “The code for DATA
SbepANNOVALUmmeUSANNOSmacm:smmmvedand
extended version of one-ine annctation code on page 10 of
SAS/GRAPH Software: Map Data Sets (SAS Technical Report
P-1963, SAS Institute Inc. (Cary, N.C.), 1950.

Annctation with response value has obvious benefit. And since not
everyone knows each stale name just by shape and relafive
location on the map, it is "nice to have” that identification. The
provision of Rank basad on response value reflects my graphic
and tabular communication design postulate that most readers and
viewers ought to be able to quickly kentify what's important.

The map uses blanking {i.2., the white boxes) to assure readabifity,
and relies on my recommended adjustments (see Appendix 1) to
the state-center coordinales from MAPS.USCENTER.

Also, the map incorporates a star to highlight the conference
location. (instead, the city marker could have been the cily name,
or "SUGH 14".) See DATA Steps CITYSTAR and ANNODATA in
the program in Appendix 4 for how to do this. Appendix2is a
program to kst the GMAP LS cities. For a city not listed, pick the
nearest city listed, and adjust coordinates. Annotating cities was
demonstrated in the manual for Version 5 of SAS/AGRAPH. If's
included here for completeness—to provide a single, reusable,
adapiabie mode! that ncludes alt the techniques likely to be
needed for professional-grade InfoGeographics.
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I had o develop *houndary-respecting blanking” for the states of
Florida, Tennessee, and West Virginia. Strictly rectanguiar boxes
averiap the state boundaries if the annotatable white space is kept
at sufficient size. Study the three state-specific WHEN paragraphs
in the BOXES DATA Step in the USANNO3 macro to see how
adequate annotatable area is provided without white space
crossing state Bnes.

Annotation Without Blanking

As of Release 6.10, blanking is still missing from SAS/GRAPH.
Even if someday SAS/GRAPH blanking is provided, the vendor
implementation may not offer the flexibility achievable with the

custom solution presented hara.
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Blanking is not needed for araa fills that use light colors (e.g., ight
pink, Isghtyallow, light blue, stc.}. But not all davices can render
sufficiently light colors. Also, many publications {e.g., SUG!
Proceedings) do not accept color ilusirations.

A very interesting, informalive map is one that someone may want
to copy. Though color copiers are increasingly available, they are
not as widespread, cheap, and fast as black-and-white. Thus,
annotated gray-shade maps usually are mest pragtical. For
readability, whether of originals or of copies, blanking is always
required when annotating in black over gray-shade area fill.

The Five-Color/Five-Change-Range Map Problem

After solving The Four Color Map Problem for SUGH 19, 1 found
nwsa!f;gﬁngThaFweCulorMapProblem-«hiehlsolvedlor

Suppose the responses are positive, negative, and no change.
Suppose we want something more interesting than the three
obvious response ranges. Tentatively, let's classify the responses
as big gains, other gains, no change, big losses, and other
losses—necessitating the use of five colors.

For this case study, let's again pick the USA map. Rather than
using percentiles, let's distinguish the Ten Best Gains and the Ten
Worst Losses. (Please excuse me. Strictly speaking, there can be
only one best and only one worst.) Of course, it may happen that
there are no gains, fewer than ten gains, or only ten gains; and the
same appiies o losses.

Area Fill for The Change Map

One might naively pick green arx red as natural choices for gains
anvd losses—when increase is good and decrease is bad. However,
green and red cannot be distinquished if one suffers from the
commonest form of color blindness, and color blindness is not rare
(1 out of 14 males has some form of color blindness).

My recommendations are: Blue = Ten Best Gams; Light Blue =
Other Gaing; Red = Ten Worst Losses; Light Red = Other Losses;
and White = Na Change.

Since this paper is published in black-and-white, the area fills
have to be disappointingly less informative grey shades. Upon
request, the author may be able to provide the map in color.

Best Legend for The Change Map

The bast legend for this application will do the following: (a) show
the area il for the Ten Bost-Gamns (Worst Losses), ifthere are
more than ten gains (fosses); (h) show the area fill for the Gains
(Losses), if there are ten or fewer gains (losses), and will kst how
nnanygaite(tm)weam,{c)s!mmﬂaaﬁnhrmeomer
Gains (Losses), if thers are more than fen gains (losses), and will
isthowmanyOheerm(Losses)mereare and {d) show the
arca Rl for the Unchanged, if there are any, and will list how many
Unchanged there are.

With this design, the legend can have as many as five entries or as
fow as one entry. it will have entries only for the cases manifested
by the data, and those entries will provide area-fill sample, stale
count, and category description. What more couid you ask for?
Why would you ask for less?



Five Color Map Problem Soived, Using Automatic
Ratlonale-based Response Range Assignment

The program in Appendix 5 and macros in Appendices 7 and 8
sofva The Five Color Map Problem. See the map in Figwre 3.

Note that the MAPCOLS5C macra must be able to handle 14
different cases with its nested PATTERNS macro. MAPCOLSC can
generate 14 diffierent CHORO variable range sets. lts custom
legend text must actually support 30 different cases dueto, €9,
the possibility of "Gains® vs. "Gain" and *Losses® vs. “Loss”. Inan
automated professional-grade infoGeographic application (where
thereis no ad hoc manual edkling o update the programta suit the
vidsshsgﬁesofhedata),metatsgoryteﬁiumalegendmwt
automatically match the plurality or singularity of categoty count.

A passible futue enhancement of the MAPCOLSC macmo would
aliow usar specification of legend text (io subsiitute for the herain
hard-coded words "Gain®, *Gains®, "Loss", "Losses”, "Best”,
"Worst”, "Dther’) as macro parameisr assignments.

Why USANNO3 Handles State Codes As it Does
Various FiPxoax and STiocooc SAS funclions perform conversion
between state FIPS codes, abbreviations, and names.

The program converts it to the two-digit state FIPS code, using the
STAPS funciion. The abbreviation is droppedio produce a
minimal data set, but dropping it is not necessary. Subsequent
processing, by USANNOSZ, relies onthe FIPS code. But, at some
points in the macro, the FIPSTATE SAS function is usedin
comparisons to identify states which need special handing. Those
states are specified by their alphabetic codes.
Conversion back to alphabetic state codes which were initially
Mmmdm,mdmm(mmﬁy}drnppedm
nefficiant, and/or clumsy, and/or unjustified. Well, not only may it
be the case that more typical input data sels might contain only the
FIPS code, but also PROC GMAP and its map data sets identify
states only by FIPS code. Hence the macro's ocus on FIPS code.
However, when tesiing observations for specific states, the macro
is rore intelligible if it identifies thosa states by their alphabetic
~ codes. in fact, the FIPNAME ¢or FIPNAMEL SAS function could
instead be used to tast with state names.

The N Color Map Problem & its ARbRRA Solution

ARarsolving The Four Color Map Prbiem and The Five Color Map
Problam, | was still dissatisfied by lack of genaraiity in these ways
of presenting geo-based information. :

If there is nothing inherent in the nalure of the responses {e.g., they
are not signed numbers), nor in your or your avdience’s preference
as to how to show or see the information, thenyou have no guide
for choice of response ranges. Your oniy recourse is to inspect the
data io find natural groups of responses. Infuitively, “natural”
groups or ¢iasses are distinguishable by sufficient i
batween their ranges. Choice of the number Nof ranges is still
arbitrary, but at least the boundaries of well separated ranges can
be nasified

An Astomated Rationale-based tool that reveals those natural
ranies, for any given N, is PROC CLUSTER. i offers eleven
statistical methads for cluster analysis. The one used heve is
METHOD=CENTROID. it copes with cutliers well. 1 cantsay which
is the "best” clistering method. For me, reasonability of resulls is
the measure of adequacy of any method used. However, my macro
MAPCOLNC {see Appendix 10) permils user spacification of
METHOD=. The macro huilds PATTERN statementis, legend lext,
and the response-range format.

Macro MAPCOLNC requirss specification of the number N of
ranges{i.e..dmm.wheremaﬁ:mmslﬂmmcmnd
be enhanced ta support Ngreater than 7.) The user may requast
default cofored area fills, may specity other colors, or may accept
defauit gray-shade area fis. The gray shades are selected io be
maximally distinguishable, given the number requined.
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Distinguishability of gray shades is always a potential problam,
either on the original, or after pholocopying. That's wity the macro
supports 2 maximun of only 7 ranges. With the printer § used for
Figure 4, the five-gray-shade map has no distinguishabifity
problem, e six-gray-shade map is marginal, andthe
seven-gray-shade map s hard to interpret.

If you use cofor, you can safely revise the macro to accommodate
N greaterthan 7. But then you need a strategy to pick colors,
unlass you use one hue and vary the lightness—in which case you
will hava a clistinguishabifity problem for sufficientiy targe N.

See Figure 4 for maps obtained for various numbers of clusters
{ranges). For simplicity, annotation is omitted. See Appendix 9 for
the program used to produce The Seven Color Map.

Trademark and Author information

SAS. SAS/GRAPH, and SAS/GIS are registered trademarks
or trademarks of SAS Institute Inc. in the USA and other
countries. * denotes USA registration. infoGeographics is 2
trademark of Bessler VisuComm & infoTech. You may reach
the author, Dr. LeRoy Bessler, at:

Bessler VisuComm & InfoTech

P.0. Box 96

Miwaukee, WE 53201-0096. USA

Emai: bessler@execpec.com

Telephone: 414-351-6748
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Appendix 1: Adjustments for MAPS.USCENTER

PATA USCITIES;

SET MAPS,USCITY;

STATENAM = FIPNAMEL [STATEY;

IF CAPITAL = *N° THEN CAPITAL = * *;

1D STATE STATENAM;

VAR CITY X ¥ CAPITAL POP;

LABEL STATE="ID';

LABEL STATENAM="State”;

LABEL CAPITAL="Capital?®;

TITLE *SAS/GRAPH MAPS.USCITY File®;

RUN; :

Appendix 2: Program to List GMAP US Ciies
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/% geplisnz: statements 8/

DATA INDATA:

INFILE I3

INPUT STATEABD 3 ATTEND;

:I:‘\TE = svrwstsrnm:
*

/n pattarn statamsnts w/
/= title ztataments s/
PROC OMAP DATA=INDATA MAP=MAPS.US ALL;
1D STATE;
:::&ﬂ ATTENE /7 COUTLINEXBLACK;
]

Appendix 3: Program for Default Map (Figure 1)

/® gaptions statements w/

DATA INDATAZ

INFILE I}

INPUT STATEABE 3 A

STATE = STFIPS(STRTEMDJ.
DROF STATEARR;

L

XMAPCOL SR (DATA=INDATA,
CHORDVAR=ATTEND,
CHORINCR =] ,

COLABOVESGRAVES ,
COLVHIGH#GRAYES)
RUN;

FUSANNOS (DATA=INDATA,
ANNDVARZ=ATTEND,
ANNDVARS=ZGRANKID, /= tame 85 default s/
OUTANNO=ANNODATA
NOBOXSTA=, sm u use C2WMITE, sataset ¢f state 1Ds w7

ANNDF ONT=NONE /R sume Ax dsfsult a/

ANOSIZE=D. 90, /9 regduce haight i€ DONN > ] =/
OUTMAP=MBC_US,
BLANK=VES)

RUM;

DATA CITYSTAR; 7/« marksr for city lacation n/
SET MAPS.USCITY;
1F CITY = 'San Fraacizco®; /% get coocdinstes fer SF #/
NSYS = 297 /w g0 aet change ¥/
YEYS = *2%: /B da st change s
MHEN = *A°; /® da aet changa W/
FUNCTION = ‘LABEL";
2 *MARKER': /% spacial fest of markers 5/
SIZE = L1.899; /% adjest 3t desired 8/
COLOR = "BLALK'; 76 chaade,; if desired s/
TEXT = °V°; /5 Thls earker 15 3 star &/
POSITION = "5'; /u adjwst For limited reposition a/
X =X - 0.805; /= shift left fer visibility =/
RUN;

DATA ANNODATA; 7= append city msrker to Anhe W/
SET ANNODATA CITYSTAR;
RUN;

7% titls E Faotnote STatements B/

LEGEND] LABEL*NOME VALUE=® (F2CEWNTX) SMAPE=BAR(S.4,8.8) DOWNL];
PROC GMAP DATARINDATA WAPEMBC US ALL;

COUTL.
FORMAT ATTEND FMTCOLGR.;
RUN;

Appendix 4: Program for Four Color Map (Figure 2)

79 geptient statements w/

DATA INUATA;
INFILE I;
INPUT 31 STATEABB 32. 260 SHARE 54. 271 SHRCMG SCMARS.;
STATE = STFIPS(STATEARR);

NSHREMG 5.3

3

SHRCHG=LEFT (RCHS) ;
IF SUBSTRISMRCHG,1,1) ~= *-* AND NSHRCHG ~¢ §
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THEN SHRCHG2 '+ ]| SHRCMHG;
DROV STATEABD;
RUN;

XMAPEOLSC IDATARENDATA,
QUTETOGHAP,
RESPONSE =*NSHRCHG,
CHOROVAR=GROUP ,
TUPCIAUNT=10,
CTOPGAIN=GRAYSS, -
COTHGAIN=GRAYSG »
CHOCHANG =GRAYFF »
COTHLDSS=GRAVYY,
CYOPLOSS*GRAVLE)

/= same 35 default w/

RUN;

RUSANNOS (DATA=INDATA,
AR2=SHARE ,

mmm‘u
NOBOXSTASNOCHANG, /8 becausas UTNOCHANGEWHITE &/
ANNOF ORY SNIDNE , /9 same as default »/
ANNDSLZESH .90,
QUTHAPIRBC_US,
BLANK=YES) ;

RUN;

/% title & footaota Stataments W/
LEGEND] LABEL=NOME VALLE®(F3CENTX) SHAPE<BAR(S.S,E.8) DOWNAY;
PROC GHAP DATATTOGMAP MAPZMBC_MS ALL;

ID STATE;

CHORD GROUP 7
ANNODTANNDDATA
LEBEND=LEGEND]

Appendix 5: Program for Five Color Map (Figure 3)

XMACRD MAPCDLGR (DATA=,
CHOROV,

LABVLOM= 'Vary Low',
LABBELON=® "Balow Median®,
LABABOVE= *Abeve Median®,
LABVHIGH: *Vary MHigh',
COLVIL.ON=,

COLRELOW=,

COLABOVE=,

COLVHIGH=];

Htm: UNIVARIATE DATASEDATA NOPRINT PCTLDEF=2;
3 /% get min, max, percentiles =/
mmnn' OUT*STATS MINSMIN MAXKSMAX PCTLPRESPCTL

DATA _NULL ; 7% pats rangs bownds as slobal varizbles »/

SEY STATS;

:ﬂ.ﬂﬂ.nﬂlll B2 B3 36 B5 BE MAN;

CALL mm('mu'.mmumtmn 3));
B , TRINCLEFTIPCTLEFCTLLOW )JJ.

212;
CALL SYIWUT(BG® pTRIHI‘.lEFTIﬂ:TlelHID - m"ﬂ)”-
CALL SYMPUYL'D5S" , TRIMILEFT(PCTLAPCTLHIGH ni;

« TRIM(LEFTCPCTLAPCTLHIGH + RCHORINCR)));
CALL mt'mx'.mun.mm b33 H

PROC FORMAT; /" format for reasponss rangss S lefand text =/
XIF XUPCASE[SLABELYXT) EQ YES XTMEN XDO;
VALUE FMTCOLGR SMIN - &B) = “RiLABVLOW®
&32 - GBS * "ELABBELON"

- EBE T "RLABABOVE™
- EMAX T "ELABVNIGH™;
L
ZELSE ¥DO;
VALUE FMTCOLGR SMIN - SBX = "SMIN - 381"

: AB3 = “gR2 - 3%
AB5 = "EBG - SAS™
AMAX » TRES - EWAN;

XEND:
RUN;
PATTERN: v=PSILID C«SCULVLOW ;
PATTERNZ vapiSOLID C=SCOLBELOW;
PATTERNS vspSOLID C=ECOLADOVE;
PATTERNG VapSOLID C=3COLVMIGH;

XMEND PAPCOLSR;

Appendix 6: MAPCOL4R Macro




INACRD MAPCOLEC(DATA®, M',IESPHBES » CHOROVAR =
TOPLOUNT

m:m.mm:.m.
CTOPLOSS®,COTHLOSS®)

PATTERNSG VaMSDL,ID CxETLCOL;

XELSE

XIFf YEVAL (ECOUNTOG)>S

AND XEVAL (ETOUMTOL)>S

AND XEVAL (SCOUNTNC) =0 XTHEN

PATTERNG V=MSOLID C2ETLEDL;
NELSE
XIF XEVAL [(SCOUNTOG1>D

1]
PATTERNG VaMSOLID GSITLCOL H
XELSE
XIF XEVAL (RCOUNTOG)>#
XEV

NELSE

¥IF XEVAL (RCOUNTDG)>D

AND XEVAL (CECOUNTTL}2D

AND XEVAL CECOUNTMC)>E XTHEN

]
Pm VaMSOLID m;

XELSE

XIF XEVAL (3COUNTOQ) >0

AND XTEVAL (BCOUNTTL)=#

AND XEVAL [RCOUNTNCI=# XTMEN
PATIERM] V=MSOLID C=A¥GLOL;
PATTERNZ V=MSDLID C=R0GLOL;

XIF XEVAL (ECOUNTTE)> 8
AND XEVAL {SBCOUNTOG) =8
AND IEVAL (ECDUNTDL > B

PATTERNG VeNSOLID CETLCOL;
YELSE
XIF XEVAL [SCOUNTTR)>0

D C=mCroL;
PATTERNS. v=uSOL1D tll'lltﬂ..
XELSE
XIF JEVAL (BCOLNTTE) >

TELSE

XIF XEVAL (SCOUNTTG) =0

AND XEVAL (ZCOUNTOL ) >0

AND XEVAL (RCOUNTNC)>0 XTHMEN
PATYERN] V=MSOR.ID C=ENCCOL;
PATTERNZ VEMSOL]D CxEOLCOL;
PATTERNS VaMSOLID C=3TLCDL;

XELSE

XIF XEVAL(SCOUNTTEG) =D

AND ¥EVAL (SCOUNTOR ) >0

AND XEVAL LECOUNTNC) =0 XTHEN
FATTERNE VSMSOLID CeRDLCOL;
PATTERNZ VEMSOLID C=ETLEDL;

PATIERNL V=MSOLID C=4NCCDL;

Do I

XEND;

xpg; /=

XD0; 7=

XEMD;

xpo; /=

i
XEND;

x00; /v

mo; /e

x00; /=
XEND;

XD0; /n

cate 12345 R/

cate 1265 W/

case 1235 W/ -

case 125 »/

case 128 a/

case 12 =/

caze 1345 &/

case 145 ms

caza 13§ w/

egss 13 B/

case 345 wsf

caze 45 =/

caze 35 «f
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PATTERNZ VsMSOLID C=ETLCOL; XEND;
TELSE
XIF XEVAL (SCOUNTTG)=D

AND YEVAL (SCOUNTNCI>D XTMEN ~ XDO; /» case 5 W/
PATTERM] Vs=MSOLID c-mwm. XEND;
XMEND PATTERNS;

Pm SORT DATA=SDATA OUT=SORTED; BY DESCENDIMG SRESPONSE;
RUN,

DATA TOPGAIN OTHGAIN NOCHANG OTHER;

RETAIN COUNTTG Dmﬂﬂ COUNTNG 2;

caLl smu'n'mn'.nmumtmumnn:, /% groyp 1 7
CALL SYMPUT('COUNTDR®, TRIMLEFY (COUNTOE) 1} ; /0 group 2 %/
CALL SYMPUTLCOUNTNG ', TRIM(LEFT(COUNYNG) ) ; 78 group 5 &7
CALL SYHPUTLTOPGTEXT,* *);
CALL SYMPUT( 'DYHGTEXT',* '],

END;
SET JORTED END=LAST;
IF _N_ <= XTCOPCOUNT AND ERESPONSE > 0 THEN DO;
ECHOROV

AR=1;
COUNTTG=LOUNTTS+1
DUTPUT TORGAIN; END;
ELSE
1F ERESPONSE > ¢ THEN DO;
ACHOROVAR=2;
COUNTOG= H
OUTPUT DTHBAIN; END;
ELSE
IF SRESPONSE > 8 THEN DO;
SCHOROVAR =S ;
LCOUNTNG 13
OUTPUT NOCHANG; END;
ELSE Do;
DUTPYT OTHER; END;
IF LAST THEN DO3
CALL SYMPUT{'COINTIE' , TRIMILEFT(COUNTTG))

3
CALL SYMPUT{*COUNTDG® , TRIM{LEFT (COUNTOG)) ) ;
CALL SYMPUT{’COUNTNC', TRIMILEFY (COUNTNC})) ;
IF COUNTTG = )

THEN CALL SYWPUT('TOPGTEXT', "Gaia‘);

ELSE
1F COUNTDE = 0
YHEN CALL SYWPUT{'TOPGTEXT', 'Gains'l;

ELSE

TALL MUT('TDPGTEKT' Bast Gains'l;

IF COUNTDG =

a;’;ﬁl TALL SWI.I'H 'DTHETEXT ', *Other Bain');
CALL SYIPUT('OTHETEXT', 'Dther Gains');

END;
RUN;

PROC SORT DATAsOTHER OUT=SCRTED2: BY SRESPONSE;
RUNG
DATA DTHLOSS TOPLOSS;
RETAIN COUNTOL COWSTTL 0:
IF _N_=1 THEN DO;
CALL smmt'm'.nla:mtmnz. /= group § =/
CALL SYMPUT("COUNTTL®, TRIM(LEFY(COUNTTL))); /s sroup 5 =/
CALL SYMPUTCTOPLYEXT',* "3;
CALL SYMPUTCQTMLTEXT®,* *2;
END

SET SORTED2
1IF _N_ <= STOPCOUNT THEN DO;
SCHOROV

OUFPUT OTHLOSS; END;

IF LAST THEN DD;
CALL SYMPUTC COUNTOL . TRIMILEFT(COUNTOL)) ) ;
CALL mmn'm'.umuernmrn.m:
IF COUNTYL =
w‘l‘lﬁl CALL m:'wum' ‘Less’®);

IF COUNTOL = 0
e THEM CALL SYMPUT('TOPLTEXT®; 'Losses);
: ¥

SE
AL SWW('TWLTEXT‘ *Worst Losses'l;
IF COMTOL 1
THEN CALL MW(‘D‘"L‘!B&T' *Other Lnss'l,
ELSE
CALL mm('mm'.'otnr Lesses');

RN
:nnsms!m-mwmua
DGLOL=

RIN'
DATA S0UT; SET TOPGAIN OTHGATH NOCHANG OTHLOSS TOPLOSS;
XMEND PAPCOLSC;

Appendix 7: MAPCOLSGC Macro
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RUN;
XIF  SANNOVARS

PROC SORT DATA:
RUN;

INPUT
RUN;

DATA

DATA MERGED;
MERGE VALUES()
IF IMVALUES;
Ry

MA AOUTANND;
MERGED;

IETAIH FI.AH

LENGTH COLOR

XSYS = '2°; s
YSYs x '27; /u
WEN = A‘; /u

BUTPUT;

XELSE
TEXY = *Rs* |

UTPUT;
EWD;

SIZE = 1.00;

CHANGES;
llFILE 'G198.5P.SAS. nmtuswnm'-
STATE OCEAN CHANGEX

COLDR = "BLACK';
IF FLAG = 0 THEN DO;

FUNCTION = "LABEL®; /= this anno record for lubel s/

STYLE = “SANNDFONT™; /% feat w/

SIZE = ZANNOSIZE; /% fontsize W/

TEXT = FIPSTATEULSTATE); /a state abbraviatien =/

IF OCEAN = *W® DR FIPSTATE(STATE) = *vY*

THEN POSITION = '2¢; sa | cell above center &/
ELSE POSITION = *3%; /s alss Justify left a/

ANDICF ONTENONE.
ANNDS I TE*] -..:
OUTHAP=,
BLANK®) ;

PROC  SORT DATA*IDATA OUT=VALUES; BY STATE;

NE JORANKSS XTHEN XGOTO PASTRANK;

SORT DATASEDATA OUT=RANEED;
BANNOVAR:

PROC SORT DPATA=PUTRANK OLT*RANKS; BY SYATE;

RANKS: BY STATE;

ROC

BY DESCENDING

RUNZ

MTA H

m’ m 2.5
=N

mj

RYN;

DATA VALUES;

MERSE VALLES

RN

XPASTRANK =

78 vendor-providsd coordinatas of state centers: raw dasta a/
EMAPS . USCENTER DUT=

BY STATE DESCENDING DCEAN;

n wser~developad sdjustments - zee CARDS in peper W/

PROC SORT DATASCHANGES OUT®CHANGES;
:1- STATE DESCENDING OCEAN;
18

/7= ghift ceordinates 85 uter-recommendad ¥/
KEEP=STATE OCEAN X V);

CHANGES C INSCHANGE ) §

BY STATE DESCENDING OCEAN;
THEN

o= X o CHANGEX;

¥ = ¥ + CHANGEY;
END; /= thage centers yiuld maximum blanked 3res for &/
RUN; /8 amnetstion., squidistant frem all boundsries &/

/= margs ANNOVARZ waluss & state centers &/

N=INVALUES) CENTERS;: BY STATE;

/u thiz DAVA Step Swpreves & extended version of w7
/% cods on Page 10 of SAS Technical Report P-19 =/

FUNCTION STYLE & &;

IF _N_=1 THEN FLAG = 8;

do Rot changs =/
do nat changse m/
go not change »/

M

TEXT = LEFTISANNOVARZ) ;

IF UCEAN = 'N° OR FIPSTATE(STATE) = *wT*
THEN POSITION = *5°; /= locate at center W/

ELSE POSITION = "6%; /n also justify latt #/

xIF Msﬁm XTHEN XDD;
TEXT = LEFT(SANNOVARY);

XEND;
x80;
1 TRIMCLEFTIRANK)Y; /% supply the rank w/

IF OCEAN * "N" DR FIPSTATE(STAYE) = vt
THEN POSITION = *B'; /a 1 cell Dalew center %/
ELSE POSITION = *9'; /= a1lgn Justify left w/

ELSE 20; /= Draw srrow from labal in Atlaatic Ocesn =/
FINCTION = 'DRAN®; /% Co center of cosstzl state. W/

/7 (adIust TRicknats, 1€ desirsd) =/

QUTPUT; /m Trissersd by DCEANSN obs =/
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n;us * §; /R sfter DCEAN:=Y sums state. =/
IF OCEAN = *Y* THEN DO; /= Position tail af arrew. =/
FUNCYIDN = *MOVE®;
IF FIPSTATEISTATEY NE *VT*
THEN X = X =~ ,085;
ELSE V s ¥ - ,020;
QUTPYT;
FLAG = 1;
END;
RUN}

XIF EBLANK NE VES XTHEN XBOTO LATVER:

PROC FREQ DATA=MAPS.US;
TABLES STATEASEGMENT / OUT: INT:
RUN; /= ¢ount paints en sxch sesment of esach state w/

FROC SORT DATARCDUNTS;
BY STATE DESCENDING COWT;
RUN; 78 put mést cespiax zasment in state fFirst =/

DATA BIGSEG; /= keap Migpest cepment for sech ztates ¥/
SET COUNTS; /n (thare ars only 5 sulti~sesmant states) o/

3y STATE DESCLENDING COUNT:

IF (FIPSTATEISTATE) NE "MI® AND FIRST.STATE)

OR (FIPSTATECSTATE) EQ *BI* AND HNOT FIRST.STATE);
RUN; /8 uSuzlly MOST camplex tegment it dissest W/

DATA DELOCEAN; /= drop statas with 2mac in scesn »/
CENTERS:

SET 5

IF FIPSTATE(STAYE) = "MI' THEN DELEYE;

IF DCEAN = °¥Y* OR LAGIOCEAN) = °*y* DELETE;
RUN; 70 coastal states have twd sats of coordiastes e/

DATA lmtlﬁiis‘l’fi’i SEGMENT X V);
m BIGSES DELOCEAN(INSNOOCEAM); BV STATE;

m Fe n-a coordiaates only for stutes with blisnking =/

BATA BOXES(XEEPTSTATE SEGMENT X Y);
SEY INNER; /R make boxss fer inner states =/
REsK; RVeV; /8 gave cesrdinstes of centar ws
As.; Vs.; OUTPUT; /% cswnterintuitive, aut necessary u/
SELECT (FIPSTATEISTATE)?; /¢ actisn depaadt en state =/
WHEN (°FL'} DD;
N=RX-.01G0; VYaRY+,0125; OUTPUT; /= upper left 5/
NaN: VY =,0280; OUTPUT; /= lowsr laft w/
Na) +. 02883 Y=Y; OUTPUT; /x lewar rignt s/
X=N; VYAV +.0205; OUTPUT; /x uppar right poist I sy

=X -.B063; V=¥ +,0075; OUTPUT; /= wpper right polint 2 N/

-.0287; Ya¥; OUTPUY; /% upper 1eft, apnin 8/

END;

WHEN (*TH"! DO;
A=RX; V=RY+_.0125; OUTPUT] 74 uppsr leFt peint 1 =/
X=X ~.0LGB; YEY -.0018; DUTPUT; /¢ uppar left point 2
X=X; V=Y - 8278; OUTPUT; /R lewsr left 6/
X=X +.0280; Y=Y; DUTPUT; /% lewer risht u/
X=X: Y=Y +.0288; OUTPUT; 7% uppar risht w/

XeX -.01640; VYV OUTPUT; /= upper left point 1, asain
END;
WER ('W') BO;

KeRX-.0073; YsRY+,R125; 3 /% uppar laft point 1

Y=Y -.J815; OUTPUT; 7= uppar left poiat 2
/R upper left point 3
7 uppar lsft paint &
/% Lower laft w7
/n Lowsr right =/
7 uRBAr Tight N/
/™ uppar left point I, agaln

X=) -.lus:
Ns); V=¥ -.0212;
A=X +.0280; ¥=¥;
XaN; VY=Y «,.8288;
M ~.0207; ¥=v;

m:muss Do;
KeRX-.8160] YeRVe_ B125; OUTPUT; /% upper left 8/
Xu)X; Y=Y -.0280; ODUTPUY; /R lewsr laft w/
X=X +.0280; Y=Y; OUTPUT; /% lewer right 87
X=X; VY=Y ¢ . 0280; OUTPUS; /u upper right »/
X=X -.02808; Y=Y OUTPUT; /0 upper left, ssain 5/
END;
END;
RUN; 7= all state fixes sbeve specific to dox ciza =/

ZIF ENGBONSTA EQ XTHEN XGOTO LATER;

PROC SORY DATASENOBOXKSTA OUT=NOBOXES; BY STATE:
RUN; -

DATA BOXES;

MERGE BOXNES MNOBOXESUIN=NOBOX1; BY STATE;

IF NOBOX THEN DELETE;

RUNG

XLATER =

DITA mm.

ZIF IBI.M EQ YES XTHEN xDO;

XEND;

BY STATE SE-ﬂn
RUN; 7= intarlesve map K bex soordinates »/

XMEND USANNOS;
Appendix 8: USANNO3 Macro
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XIF "SEBEH" ~* "EIBENT XTHEM XDO;
m‘é"?‘"' m:n-nurv:"uwr'-
INFILE T;
XELSE xp0;
INPUT STATEASS 3 ATTEND;
STATE = STFIPSISTATEARBI; $30 - sanen x "EaBu
RN} "
XMAPCOLNE (DATA=TNDATA, CHOROVAR TATTEND, NCLUS=7) E10;
RN} Rows
/n goptions £ title statementt hare 5/ Ll
LEGEND] LABELSNOME VALLE= [FECENTX H2D.8) ;‘I‘F' Ismumuv&ms-vg :m:mx,
SHAPESBAR(3.4,0.64) DOWN®2} PATIERNZ VeHSOLID CwSUSERCOL2;
PROC GMAP DATA=INDATA MAP=MAPS.US ALL; PATTERNS VeMSOLID CeSUSERGOLS;
1D SYATE; PATIERNG VeMSOLID rH
CHORO ATTEND / LEGEND-LEBEND! DISCRETE COUTLINE=BLACK: PATTERNS VeMSOLID CeBUSERCOLS:
EAT ATTEND FMTCOLNC. 3 PATTERMG V=MSOLID C=SUSERCOLE;
d PATTERN? VaMSOLID l:-mmn
i
Appendix 9: Program for Seven Color Map ure XIF ENCLUSAT XTHEM XDO;
dix 9: for n Lolor (Figure 4) PATTERN? VEMSOLID CSGRAVSL; /¥ 80% hisek €11l e/
PATTERMG V:MSOLID C=BRAYSS; /% G5X biack €ill =/
PATTERNS V=HSDLID C=BRAVSD; /% 50X black :ili =y
PATTERNG VSMEDLID CeGRAYA&; 7@ 35X Black €11l s/
XMACRD MAPCOLNC(DATA®, CHOROVAR® , NCLUS* , METHOD=CENTRDID, PATTERNS VeMSOLID CRGRAYCC) /@ 20% black €ill o7
USERCOLS*ND, USERCOL 1 #NHE TE , USERCOL2=CYAN, USERCOL 3=MAGENTA, PATTERNZ VaMSOLID CRGRAYF2; /» 5% biack i1l os
USERCOL 6+ YELLOW, USERCOL5ABL .mnmmw-v:m:. XEND;
PROC CLUSTER DATA=EDATA DUTTREE:C NOPRINT YELSE XIF ANCLUS*§ XTHEN XDO;
:ﬁ RCHOROVAR ; PATTERNG V=MSOLID CSGRAY33; /% 80X black f111 &/
3 PATIERNS V=MSOLID CeORAY6S; 7% 68X black F111 &/
PROC TREE DATASC DUT=T NsEMCLUS NOPRINT; PATTERNG VaMSOLID cumv”; 78 §0% black £1l11 =/
gg':' SCHOROVAR 5 PATTERMS V=MSOLID C=GRAYCC: /@ 20% dlsck €111 %/
i ; /® 5% black €111 »/
PROC SORT DATA=T OT:S; BY CLUSTER EGCHORDVAR; PATTERNZ V=HSOLID CLGRAVFZj ; < 1
RiM; XKELSE %IF SNCLUSS XTHEN XDO;
PROC UNIVARIATE DATA=S NOPRINT; PATTERMG V=MSOLED CaGRAYE3; /= 80X plack 111 w/
BY CLUSTER; PATTERNG V=MSOLID C=GRAYES; 7/ 0% black €111 8/
VAR BCHORDVAR. PATTERNS V=MSOLID C*GRAVBI; /# 30X black €11l »/
:"n';'-" CUT=1) HIN=HIN MAK=MA; PATTERNZ VmSOLLE C2GRAYES; /= 18% black £111 #/
PROC SORT DATA=U DUT=TOFORMAT; BY MIN; XELSE XIF SICLUS*G XTHEN m:an;,
Rind; PATTERNG V=MSOLLD CRGRAYSS; /w B8% black £111 &/
EMACRD VARLIST(VARCOUNT=1) ; PATTERNS VaMSOLID S=GRAYSO; /m 58X hlack Fill =/
“g:‘l * 1 XTO EVARCIRINT; PATTERNZ VsMSOLID CEGRAYCC; /% 29% black fill =/
XEND;
B; . KELSE XIF SNCLUS*3 XTHEW XDO;
XED  VARLIST; PATTERNS VaMSOLIE C=GRAVSE; /¥ $0% Dlack £ill n/
m‘v‘""uru'i"u"’n wmmcz VaMSOLID C2ORAYB3; /¥ 30% black €1l n/
ﬁm uvu{ixsuvm 2RENCLUS S XEND3
w2n L4 XELSE XIF SNCLUSs2 XTHEN XDD;
CALL SYMPUT(B* | ILEFTCIZ ® _N_} = 13, TRIM(LEFTININI)); S EOX Mlack €311 WA
CALL SYMPUTC'B* LILEFTLIZ = _M.J 3, TRIR(LEFTINAX))3; PATTERNZ V=NSOLID C-ORAVOD: o5
m'c FORMAT; EMEND  MAPCOLNG;
XDO 1 » 1 XTO SNCLUS; Appendix 10: MAPCOLNGC Macro
XLET M = XEVAL({Z = &1) - 1);
XLET N = XEVAL{{2 = &Y} H

Figure 1. Map of San Francisco SUGI 14 Attendance, By State
PROC GMAP Default Ranges Unacceptable

o0 N 720

480

ATTEND [T 120
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Figure 2. Map of San Francisco SUGI 14 Attendance, With State, Count, Rank, & City Star
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Figure 3.

Vespucci Color Map Company — 1994 Sales (in millions of dollars} and Change in Sales vs. 1993
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Figure 4. Maps of Sen Francisco SUGI 14 Attendance, By State — Ranges from PROC CLUSTER METHOD=CENTROID
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