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Introduction and Acknowledgements 
Learn good map design and best U&e of SAse and SASlGRAPH" 
software for _ effecIive, I1lOl8 efflciant mrp/DtaIion and 
presantaIion of geographic-keye data. MacIos and programs are 
reusable and adaptable, by IM!f1 a.- or inln!quent user. I cover: 
beSt type of map; best aru-fiR to show response level; effective 
use of color; readable armotallon ofstales willi text, data, rank, and 
city markers; and dynamic generation of data-appropriale 
PATIEflN statements, legends, and response-range fannats. 

I~· is my name for "statistical mappklg", 'll!emalic 
mapping", "Business Geographies", or the functionS of a 
Geographic Information System (GIS). IG can be done with PROe 
GMAP, withOUt recourse to a GIS. You can also apply CDlICBpIs 
and techniques presen\ed heIe to use of SASIGIS" or to builclng 
a custom GIS appIicatioo. 

Better than using defaulls, or sorting and inspecting responses 10 
"h~ pick" range;; (which may be arbiIrary anyhow), is AutDmaIic 
RaIionaIe-based Response RMge Assignment (AFIbRRA), using 
"SoftwaIB IlIleIigence" (81). Three IIIIionaIes are presented, but 
ot/IeIS also can be automated. Use of SI was dSIIIOIIsllalBd in 
oIherWOlk. See, e.g., LeR. Bessler, "Software Inlelligellce: 
Applications ThaI CusIonRe ThemseIves", in PrweediijJS 01 the 
Bghleenlh Annual SAS Users Grotp IntemaIJonaI Conference, 
SAS/nstiuIe Inc. (cary, N.C.), 1993-

My generaI-pwpose maps-The Fow-ColorJFour-Rarv!Map, The 
Five-CoIorJFtve-Change-Range Map, and The N-Co/OrIN-Quster 
Map-are usable for many InfoGeogoapilic appIic aIioIlS. They 
conmunicate as much inItJtmaJion as possible with a single image. 

{As line penniIs, the presentation will also include InfoGeographic 
exaillples other than those in ibis paper.) 

When armotating areas filed with !II8Y shades, or with dark or 
intense coIoIs, CUSIoi' .... eIoped "IlIanIdng" pnMdes an inset box 
of while space,lD assure 18adalliIity. (I was fiIst reported on by 
S. J. Subichin in "Enhanced Useabily for AnnotaIiofI on 
SASiGRAPH Maps", in WlSAS PlOceetfllgs. Volume5,June 
Issue, WlSAS Inc. {South Milwaukee, WIS.}, 1993. 

I provide adjusIrneIts to the USA staIe-caIllercoordnaies in the 
vendor-supplied SASIGRAPH dataset MAPS.USCENTER. They 
permit more annotation lD be inlaid without crossing the slate 
boundary. The _aiUlalioll box is as IIqIIirfis'arf as possilIe from 
aI.--poinIs of the boundary. 

I am pleased lD thank Gay F. Plazyk, who suggested I iMIsIig;Ke 
cIusIIIr analysis as a tool to solve ~ N C'AlIor Map Problem. 

wttyMaps? 
"Of althe conIrivanoeshiherlo devised for the benefit of 
geography,the map is Iha most eIfa:Iive. In tile extent IIICI variety 
of Is I8SOI.IIaIS, in rapidity of utterance, in Iha copiousnass and 
oomp/eIeIlBSS of the infonnaIion it c:ammunicaIes, in pacisiDn, 
conciseness, persplculy, in the hold it has upan Iha memory, in 
vivid1BSs of imagBIY and powB' of acp-e ssian, in COI'IVaIieI1ce of 
,efel8I1CS, in pmtabiIily, in the happJ COiI1bi, .... of so many and 
such useful quaIties, a map has no rival. Evaything _say or do 
has lI!ference to place, and wheravar pI_ is CDlICei118d a map 
desarvBs welcome. There is scan:eIy one department of 
knowledge, physical or mara!, beyond the sphere of its asefuIness; 
to geography it is incispensabIe. MIldem WAIIIogy hasactvanced 
the pooess of making maps considerably, and a map sUI has no 
rival in Is usefulness. " 

aB. Geeriough 
Presidential Address to The Royal Society 

london, England 
·1840 
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Most SAS user sites haw large amounts of data thai include 
geographic unit area designators fill the USA, stale code is 
probably commonesI). Though !his data can be reported in various 
tabular formals, a geographic effect (e.g., thai of proximity) is not 
easily revealed wiIhout an InfDGeographfc. Also, for presentation, 
a visual image is more inteI'esting, sfimIJaJing. and memot1iIb/e 
/han a mere /isfing. 

Why Annotation? 
Any map can be SUpplemented with detail took-up data Detait can 
be a full &st in key SIICPJEII'ICEI, a IlIIlking IepOIt based on response 
level, or a Top NN I.isI of the NN most signficanl (i.e., highest 
respanse}geogIapllicrunit areas. Belieris 10 inlay aD detail 
fiilduding rank) 0II1he respective geographic areas, with 
automated annotaIiDn. tnteradive graphic editing is not suilable for 
hands-off, productiorr applications. Mostgood, ~/y 
one-shot appIicaJions usuaJIy end up as 0II90in9 production. 

Just Say "No- to the Designer Drug 3D 
Use the !III'lIigI1UolWtwo-amensionaI CHOROPlETH map. 
The 3D atarnaIMs-SURFACE, PRISM, and BlOCK rnaps-are 
picIuIesque, but impracticaL SURFACE maps are too vague for 
serious aJmmunication. PRISM and BlDCK maps suffer from the 
response for some 'high" stales hiding thai for "low" states. 

Make It "Easy On the Eyes" With Area Fills 
Use of paaJlellines or ClOSS hatching not only yields an ugly 
image, but also can confuse boundary with _-fiR elementS. 

For some lnfoGeogiaphic appIica!ioos, use of area fills to encode 
differenllewIs of response is functionally inapprOpriate. For the 
use 01 dot maps or bubble maps, see PIazyk, G. F ~ "Using the 
AnnotaIe FacililyWilh Maps: A Tutorial", in p,.oceet6lJgs of 
MWSUG '91, MidWest SAS Users Group (FOJ< Pcint, Wis.), 1991. 

Figure 1: SASlGRAPH Defaults Unacceptable 
The map in Figure 1 (done with the program in Appendix 3) is an 
unacceptable map of a real ctaa set, using PATlERN statements, 
COunJNE, and cHaMSI! a default invocation of PROC GMAP. 
The adueise resulof accetAitl!J SASlGRAPHdefaIIt ranges is due 
to two outliers. 736 and 447; aI oIher values are below 179. Note, 
aIso,thaI defaulllegend text shows range midpoinIs, instead oflhe 
range bwldaries which you might expect. 

Four Color Map Problems 
The OrIginal F«B' Cofor Map Problem: Can you prove that tour 
is the smallest numbtiIr 01 cokJts needed to paint a map so that no 
Iwo atfaCI!tIl CDUnItfes are the same c%f? 

11Ie faur.CoIot'If'o"lange Map Problem: If you want to resttict 
an /nIoGeograpNc III fOur ranges that span the toJaI range d the 
1esporJSe data, how can/SIIQUId the progtam automaIicaIIy specify 
lheranges? 

Four Color Map Problem Solved, Using Automatic 
RatIonale-based Response Range Assignment 
Even without an exIIBmB rasUl as Figure 1, it is beIler lD make a 
deiberale choice of ranges, based on a rationale. In principle, that 
requires )1IIU to haIIB knOWledge of !he cIaIa distribution. Before 
creaIing the map, ane can first do a PROC SORT and PFIOC 
PRINT, and inspect the data. HoIIISver, /hat is inconvenient, 
time-consuming, and laborious, and can result in an arbitrary 
decision myhow. 
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In a prior papet-'EffectNe and Efficient Infonnalion Delivery for 
ExecuIive Management", in Proceedings of the Seoenteenth 
Annual SAS Users Group International Conterem:e, SAS InstiIute 
Inc. (Cmy, N.C.), 1992)-1 emphasized that, typically, a smaD 
subset of the observations account for a large majority, or even 
almost aD, of the lDtaI response. A Top 1 0 orTop NN Report (i.e., 
some DI1EI-PlIIJHII"-Iess report) usually suffices, often accounting 
for 80% to 99% of the total response. For the data depicted in 
F"IIIIHS 1 and 2,the Top 1 0 states account for 66.4% of the total 
response. With 50 stales and DC, the Top 10 states are, by 
definitiOn, always above the 80th percentile. 

My favorite percentile is the 50th, i.e., the median. What I call "The 
Power of the Median' is its II!ptIiISentaIicentrality. The influence 
of outlierS suffered by the regrettably popular average is absent. 

Regardless of the specific chOices, it is natural to beak upthe total 
range based on pen:entiIes. One can use, e.g., the 20Ih percentile, 
median (the 50th percentile), and 8D1h percentile. The resulting 
four ranges may be caIed, e.g., Very Low, Below Median, Above 
MedarI, and Very High. Other rationales can be built-in instead. 
E.g., one might prefer 10 use the mean and a multiple of the 
standard deviation ID de\'I!Iop ranges. In that ccnnec:tion, consider 
how you might use TcIIe/l!fChev'S Theorem. 

PeroenIiIs-based ranges create a talldng point for the map. 
Software detmts or arbitrary breakpoints camof prouide 
conoepf-based defendabiftiy. 

The program in Appemix4 and macros in AppeItdces 6 and 8 
solve The Four Color Map Problem, using SlID do ARbRRA. See 
the map in F"lgUre 2. The legend displays 'Irimmed" numeric 
ranges, instead of text, if you specify LABEL TXT=NO. 'Trimmed" 
ranges use actual data values, emllhasizing the inter-range 
separation. TrdionaI ranges are ·contiguous·. 

Maximal Optimized Annotation, and Blanking 
The map in FIgUre 2 does just about evmything one could think of 
for an InfoGeographic. (OK, 8V8JYIhing that I could think of.) 

Of course, if one also wants, say, Pen:ent of Whole, a four-line 
lIulOIaIion could be done with a modfical:ion ID the ANNOVALU 
DATA Step in tile USANN03 macro. Four-line annotation would 
require 8A*ation of otrseIs 10 the staIe-cenIer y CDDRinate, and 
using only POSITIONs '5' and'S'. Then one would need 10 specify 
a smaBervalue for ANNOFONT. 

Or one could go the opposite drection, and provide less amotated 
information. Two-ine annotaIion shauld use POSITIONs 'B', 'C, 
'E', and 'F' instead of the six values used here. Then one could 
specify a lalger"value for ANNOFONT. 

The POSITION annotate variable is explained on pages 521-524 
of SASIGRAPH Software Reference, Version 6, FIISt Edition, 
VoItR7Ie 1, SAS Inslilule Inc. (Cary, N.C.), 1990. The code for DATA 
Step ANNOVAW in the USANN03 macro is an imp'Oved and 
extended version of one-ine annotation code on page 10 of 
SASIGRAPH SoflwaIB: _ Data Sets (BAS Tedmical Report 
P-196), SAS Institute Inc. (Cary, N.C.), 1990. 

AnnoIaIion with response value has obvious beneIiI. And since not 
~ knows each sIaIe name just by shape and I8IaIive 
location on the map, it is 'nice to have" that identification. The 
povision of Rank based on response value reflects my grajlhic 
and tabular communication design postulate that most readers and 
vi~ ought to be able ID quICkly identify what's inJXIttant. 
The map uses blanking (i.e., the while boxes)1o assure readability, 
and relies on my recommended adjustments (see Append"1X 1) 10 
the staie-center coordinates from MAPS.USCENTER. 

AIso,the map incorpoJ ales a slarlD highflght the conJerence 
IocaIion. (Instead, the city marker cculd have been the city name, 
or "800114'.) See DATA Steps ClTYSTAR and ANNODATA in 
the program in Appendix 4 for how ID do this. Appendix 2 is a 
program 10 1st the GMAP US cities. For a city not listed, pick the 
nearest city listed, and adjISt coordnates. AnnotaIing cities was 
demonsbated in the manual for Version 5 of SASfGRAPH. It's 
included here for compIetsness-to provide a single, reusable, 
adaptable model that includes aD the techniques likely 10 be 
needed for professionaI-grade 1nfDGeographics. 
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I had 10 develop "boundary-respecting blanking" for the stales of 
Florida, Tennessee, and West Virginia. SIricIly rectangular boxes 
overlap the state botIldaries if the annotatabIe while space is kept 
at sullicienl size. Study the three state-$peCific WHEN paragraphs 
in the BOXES DATA Step in the USANN03 macro 10 see how 
adequate 8IIIICltatable area is provided without white space 
crossing stale lines. 

Annotation Without Blanking 
As of Release 6.1 0, blanking is sb"l missing from SASIGRAPH. 
Even if someday SASlGRAPH blanking is provided, the 1I8I1dor 
implementation may not offer the fleJcibility achievable with the 
custom solution Plesented here. 

Blanking is not needed for area fils that use light colors (e.g., fight 
pink, light yeIIow,light blue, etc.). But not all devices can render 
sufficiently light colors. Also, many publications (e.g., SUGi 
ProceedingS) do not accept color iDustrations. 

A very interesting, informative map is one that someone may want 
10 copy. Though color copieIs are increasingly available, they are 
not as .,.idespaad, cheap, and fast as black-and-white. Thus, 
annotated gray-shade maps usuaRy are most PI1lCIicaI. For 
readability, whether of originals or of copies, blanking is always 
required when annotating in black over gray-shade area fiR. 

The FIve-ColorlFive-Change-Range Map Problem 
After solving The Four Color Map Problem for SOOI19, I found 
myself facing The F"1V8 Color Map ProbIem-which I solved lor 
SUGl20. 

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

Forthis case study,let's again pick the USA map. Rather than 
using percenties, let's distinguish the Ten Best Gains and the Ten 
WOIlII: 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 applies 10 losses. 

Area Fill for The Change Map 
One might naively pick green and red as natural choices for gains 
and 'osses-when increase is good and decrease is bad. However, 
green and red cannot be distinguished if one suffers from the 
commonest form of color blindness, and color blindness is not rare 
(1 out of 14 males has some fonn of color blind1ess). 

My recommendations are: Blue = Ten Best Gains; Light Blue = 
CXher Gains; Red = Ten Worst Losses; Light Red = Other Losses; 
and While = No Change. 

Since this paper is published in black-and-white, the area fiDs 
have ID be dsappointingly less informative grey shades. Upon 
request, the author may be able 10 provide the map in color. 

Best Legend for The Change Map 
The best legend lor this application wit do the following: (a) show 
the area iii lor the Ten Best-Gains (Worst Losses),ifthele are 
more than len gains (losses); (b) show the area fill for the Gains 
(Losses), if there are len or fewer gains (losses), and will list how 
many gains (losses) there are; (e) show the area U for the Other 
Gains (Losses), if there are more than ten gains (losses), and Will 
list h_ many Other Gains (Losses) there are; and (d) show the 
area liD for the Unchanged, if there are any, and wiD list how many 
Lmchanged there are. 

With this design, th.e legend can have as many as five entries or as 
few 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 descri!lIion. What more could you ask for? 
Why would you ask for less? 



Five Color Map Problem Solved, Using Automatic 
RaIIonaIe-based Response Range Assignment 
The program in Appendix 5 and macros in Appendces 7 and 8 
solve The F"we Color Map ProtIIem. See jhe map in Figu'e 3. 

NcIe that the MAPCOLSC macro IIIIst be able 10 handle 14 
different cases with its nested PA TlERNS macro. MAPCOL.5C can 
generate 14 different CHORO variable range sets. Its custom 
legend text must aclually support 30 different _ due to, e.g., 
the possibiIiIy of "Gains"1IS. "Gain" and "losses" vs. "Loss". In an 
automated professionaJ-grade InfoGeographic app:icaIiDn (where 
there is no ad hoc manual eciting to update the program to suit the 
vicissibllles d!lle daIa), the category text in lite legend must 
automatically nratch the pIuraJity or singulariyof categoJy count. 

Apassible IutuIe enhancement ofllte MAPCOl5C m8ClO would 
allow user specification of legend text (to subslilute rortlle herein 
hankoc:Iedwords "Gain", "Gains", 'Loss", "l.csses", "Best", 
"WOISI", "Other") as macm pal ameIBr assigmenls. 

Why USANN03 Handles State Codes As H Does 
Variws FIPxxxxx and STxxxxx BAS functions perform conversian 
between state F1PS cocfes, abbreviations, and names. 
The iIpJt data set contains the lw!H:haractsr state abbreviation. 
The program converts it III the two-digil stale FIPS code, using the 
SlFIPS function. The abtnMation is dmppedto pnxDce a 
minimal data set, but dropping it is not necessal)'. Subsequent 
processing, by USANNOO, relies on the F1PS code. But, aI some 
points in the macro,the APSTATE SAS funclion is used in 
comparisons 10 identify slates wI'Iicll need special handing. Those 
stales are specified by their alphabetic codes. 

Comersion back 10 alphabetic stalecades which were initially 
present, convetted from, and then (unnecessaiIy) c:Impped seems 
inefficiert, andbr clumsy, andIor unjJsIified.. WeI, not orIy may it 
be the case thai more typicaJ input data sets might COIItIin only the 
F1PScoda, but also PROC GMAP lI1d its map data sets identify 
stales only by RPS code. Hence IhB macro's ileus on FlPS code. 
Howewr, when testing ollservaIions for speciIic stales, the macro 
is more intelligible if it identifies thos8 states by their alphabetic 
codes. In fact, the F1PNAME or FJPNAMEL BAS function could 
instead be used to lBst wiIh stale names. 

The N Color Map Problem & Its ARbRRA Solution 
Alter solving The Four Color Map Pcoblem andlhe Five Color Map 
PmbIam, I was still dissaIisfied by lack of generally in I/1BSe ways 
of presenting gao-based infcrmation. 

If there is naIhing inherent in the nature oflhe responses(e.g., they 
are not signed numbers). nor in youroryour aucience's preference 
as to how to __ or see the infDnnaIion,lhenyou have no guide 
for chaiCe of response ranges. Your only I9COUIS8 is to inspect the 
data to find natural groups of respcIIlSeS.InbJiJiIeIy, "naIuraI" 
groups or classeS are cIisIinguishabf by sufficient sepandioI1 
beIween their ranges. Choice of the number Nof ranges is sliU 
arbitrary, but at least the boundaries of well separated ranges can 
be justified. 

All Automated RaIionaIe-based tooIthai reveals those naIIIraI 
ranges, for any given N, is PROC ClUSTER. I offas elwell 
staljsJi"" methods for cluster analysis. The one used hall is 
METHOD=CENTROID.ltcopeswlll ouIIieIsweD. I can'lsaywhich 
is the "best" clusteJIng meIhDd. For me. reasonability of nasuIIs is 
the measure of adeqI'lICyof any method useclHoweller,my macro 
MAPCOLNC (see Appendix 10) penniIs user specificalian of 
METHOD=.1he macro builds PATTERN statemenIs, legend text, 
and the J8SPOIlS8-i'III1ge formal 

Macro MAPCOlNC requiIes speciIicaIion of the number N of 
ranges (i.e., cIusteIs), where maximum N is 7. (the macro could 
be enhanced to support N greater than 7.) 1he user may I8QU8st 
default coJored area fills, may specify other colors, or may accept 
default gray-shade area fils. The gray shades are selecled to be 
I1I8lCimaIIy distinguishable. given the number required. 
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Distinguishability of gray shades is aJways a potential problem, 
either on !he original, or after photocopyi1g. That's why the macro 
supports a malCimum of only 7 ranges. With the printer I used for 
Figure 4, the five-gray-shade map has no dstinguishability 
problem, lie six-gray-shade map is marginal, and the 
seven-gray-shade map is hard to inIerprI!t. 

If you use color, you can safely I9Yise the macro to accommodale 
N greater than 7. 8u1then you need a straIegy to pck colors, 
unless you use one hue and vary the lightness-in which case you 
wiD have a dstinguishabilily pmbIem forsufficienlly Jarge N. 

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

Trademark and Author Information 

SAS. SAS/GRAPH. and SAS/GJS are registered lrademarks 
or trademarks of SAS Institute Inc. in 1he USA and oUler 
countries .• denotes USA 'lI9istration. InfoGeographiC$ is a 
trademart of Bessler VisuCo .. m & lnfoTech. You may reach 
the author. Dr. LeRDy Bessler. at: 
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Email: lle5sler@execpc.com 
Telephone: 414-351·6748 

II II - ... 137 + ...... AI. 
12" ..... 51 •••••• M 
14" - ..... 5 ........ 112 
IS .. - ..... U ••• oa7 AI a. N .1 .. 01.1 •••• 12. CO 
.t y -1-114. - .... 15. CT 
II Y - .... 25 -, ..... DE 
11 Y -1.01" - ....... IX: 
lZW •••••• - ...... FL 
15 N •••• 15. +11.'25' HI 
16 N -1.'051 ....... ID 
17 N - .... 15 .a •• 1Sa IL 
'8 N - •••• 115 ....... IN 
l' • + •••••• -1I.'ElI IA 
2t II + •••••• -'.OI1S KS 
21 N •••••••• D.DEIS KY 
22 N - •••• 1 •• 1 •• lal LA 
2S N -'.1130 •••••• IE 
2' Y +'.1251 -1.121' RD 
2S Y - ..... sa .'.01l5 ... 
Zi N ••••• 1. -,.Iesl HI 
28 II - •••• 15 •••••• ItS 
29 • - •••• 37 ........ tel 
.1 M ••••• 7. -0.01lS NT 
II Y - •••• ,. • ••• 1S1 ~ 
54 Y +'.1%75 -1.1.1 NJ 
56 •••••• 25 ••••• 15 NY 
17 N .............. Nt 
II N .... DI ... , .012' NO 
., • -I.IISI •••• 025 OM 
42 N ••••••••••• ~ PA 
44 v ••••••• -'.110' RI 
45 N ••••• SS •••• 115 SC 
4' N ........ a •••• SD 
UN ....... + .... ZSTN 
SO Y -1.15110 ....... V1' 
51 N ....... - •••• IS VA 
55 N .... 1 ......... .. 
54 N .0.DI20 .1 •• 11. WV 
55 N ••••• 1 ...... UO III 
56 N - •••• 5 •• I ••• ZI WY 

Appendix 1: AdjuSImenIs for MAPS.USCENTER 

DATA USCETJD; 
SET MPS.USCJTY; 
STA11!JMIIt • FlllllAllELfSTAlE}; 
IF r:AP'J7AL .. -N'" 1tEN C'APIT,AL s • • J -, 
PROC I'RJIIT DATA=USCJTlES UNIFORM LABEL; 
PMEB¥ STATE; 
BY STATE STA1'ENAN; 
JD STATE STA1ENM; 
VAR CITY X Y CAPITAL POP; 
&.MEL STATE=·ru·; 
LABEL STA~·Stat.·; 
LMEL ~ITALS:-CULU1!'·; 
TITLE .. SASI' ...... IMPS.USCllY F,l1.·;: ...... 
Appendix 2: Program to Ust GMAP US Cities 

MWSUG '97 Proceedings 



Information Visualization 

,. .. .. u... ctat41_,.ts ./ 

DATA IIIDATAi 
ItFlLE I; 
IIFUT $TA'IEMa • ATlEIIDI 
STAlE .. S'lF'IPStSTATEMal;: 
RUN;: 

,- ,.ttara .t.t ..... ts -, 
/- titl. st.t ... ~ts ./ 

PICIC MAP ... TA-I ..... TA MAPatIIPS.US AU) 
18 STATE; 
CIIOIO Anee I coun.1NE .. UCX; 
RIIt, 

Append1x3: Program for Default Map (Figure 1) 

DATA PlMTAJ 
IIFILE II 
I"vr STA"JEQ8 • ATTEND; 
SlATE. STFIPSlSTATEAII); 
IJROP STATEMB; 
lUll, 

XMAPCDL4R'DAT~INDATA, 
CHaROVAR-ATTEND, 
CftDRINCIt-J" 
f'CTt.LCMP2', 
PCll.NID-S., 
PCTUII ...... 
LMEL 'lXTav&s, I. • ... as ... faul t ., 
LAlJVt.CMSYttrr Law, 
LMHL"LW. 
LMA8DV£·Hl .... 
LABVH1 ... Very HSlft, 
ClLvu:ww-... w:c, 
COLIEI.CIW*GRA"'. 
c:oLAIICIVE-GIlAYH. 
COLVHJ ....... YU) 

XUSNllDSlDATA-JNlMTA. 
1IMtDVMz-A1'1'Bm. 

IUIII 

....,.,AItSII ........ ,. s ... as ..... ult ., 
DIIT...,......,.TA. 
ND8DJCSTac. ,. Sf .s. CZWtI1E, ... tacat of state JDs ./ 
..........,...... / ..... 81 default -, 
..... 1Z£a •• '.. ,- ,...a.e ....... t 1# ..... > 1 ./ 
~_US. 
....... 'I£S) 

DATA CITYSTAR;: /- .. rt.r fir city lacation -, 
SET IMPS. USCI1Y; 
IF CITY. 'sa,. Fr •• cSac.'; / ••• t ••• r.l.-ta. f.~ SF ., 
XSYS .. '2"; I • •• Nt ........ / 
YSYS • '2';: , ••••• t c •• nta ., 
..... .. '.';: I. tie •• t e.a ... _ ./ 
F1IIC'TIDI. 'LABEL'; 
Sn'I.£ .. • ....... ;: /. .,.clU f.ftt .f arlit..... ./ 
SIZE • 1 ••• ; , ... 'at .s ••• Jr.., ., 
aa.GR •• BI.Aat'; , ......... If lles1,. ••• , 
TEXT - -Y- i ,. tftllls __ k." , •• at.,. ., 
POSITlON _ -5· J ,. atiMt f .... 111l1t •• r.,osltlen ., 
X • X - D_ •• 5; ,. sblft left far .1al_l11tw ./ 
lUll, 

DATA MICIItAl'Ai' • • 'H" dt:!t _rlt.r tD M.O ., 
SET ........ TA CITYSTMi -. 
,. titla a f •• tDote stat .... ts ./ 

LElBDl LAlELIIIIIDIE VAlJEaCFaCDfIXJ SHAfEslWtCS.", •• &) ..... 1; 
PIlOC .." DATA-INIMTA .......c_US ALL; 

ID STATE; 
ClaD ATTEND f __ TA 

LUEIII)a~1 

DISCRETE 
IIIS$lNG 
COU11..INE-I&.ACIC.; 

.... T AT1DID FMfCOL4It •• 
lUll; 

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

DATA I ... TA. 
JliFILE Ii 
INPUT OIl $TATEAM S2. N' SIWt£ ". a71 SHICH& SOWl5.1 
STATE. SlFIPSISTATEADl; 
lENGTH NStIlDI8 5.; 
_aCID SlIlCH8; 
Stttata-LEFTC:..a., • 
IF SUBSTR(SIIlCHa, I, I) ... ._. Me NSIfCCHB ~ • 
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lIEN _c:HSa ... II SHRCHG; 
IIlOP STATEMBJ 
RUII, 

XMPCOLSClMTA-(IIDATA. 
OUTa'fOltlAP, 
ltESPIIIrISE ..... ac, CII:IRIMIII __ • 

TDPCaUNT-,I. ,. S ....... fa.lt ./ 
C"I'CIP$IU ....... ~ •. 
CDTHIMI..-sRAV", 
I:I:CIClwm .""IFF. 
CDTHLoss.-aYvt,. 
CTDPLDS$IIIIIIU:YQ:, 

R_i 

XUSANNDlCDATAaINDATA, 
AMCWM:taSHME, 
INNDVAR~, wr...., ..... ..,..TA, 
IGOXSTAMIIDClIiI., I • •• cava I:I'Ia'CILIIIGPMllTE ./ 
....aFONI"atKIIIIE, I. sa_ as .. fault ., 
aVelDSl,Z£· ••• a. 
OUTIIIP.IIBCJIS • 
...... WS);; 

/. title • faat •• ta stat ... nts ./ 
LEGENDl LABEL ...... VALUE-CF"aCEN'lXl SHAPE • .ua(5.4,1.8J .... Ji 
PRDC GtIAP DAT~ ..,.aMC..US ALL. 

ED STATE; 
CHDRD IIRDUP ,/ 
MNPANNDDATA 
~LEGlENDI 
DISCRETE 
PlJSSI" 
CDUTLIN£a8LACIC; 

FORMAT BItDUP FIfI"CDLSC.; 
R ... : 

AppencflX5: Program for Five Color Map (Figure 3) 

XMCaO MPCDL.4IUDATA-. 
CHaRO\fMa. 
CHQRINCR-l, 
PCTLLOW-21. 
PCTUU:D-s., 
PCTLHl ..... , 
LABEL TXT-YES. 
LA8Vt.GIlP'V.,." Law', 
LA88EU1f8 '''low .... lan·, 
LABMCNEa ...... ...un-, 
L~8HZ·Y.ry Hi •• ', 
to&.. VLICIIa, 
CDLELaw-, --, 
~VHJ"")J 

PItDC IMIVAIItlATE MTAaIDATA NOPRJNT PCTI.JI!F-Z.i 
VAR &CICIlD¥M. ,- •• t .sa, _x, ,.rc •• tilas. -, 
OUTPUT OUT-STAYS MJPfUIl fMXaIMX PC1tPRE-PCTL. 

RUN. 

I'C'U'TP&l'eTLLIIII 
&l'eTLIIID 
&PCTLHJau 

DATA ~~ ,. ,.as raft._ •• ~.S as ,la •• 1 varia.l.s -I 
SEt STAn; 
Z81.CJ8AL MIN _1 az U M U .. IIMi 
CALL S'IPIPU'lC·IQNt,TRIMu'.EFTCJllJN ,), 
CALL SYJIIPU'fC -.1 - , TRINCLEFTIPCTL&JICTI.LOIf ») 
CALL SWlPUTC'aZ' .TRIMILEFTIPCTL&PCTU..CM • actmRINCR'" 
CALL """"C·", • TRJMCLEFTtPCTLareTUlJD »)' 
CALL SWII'VYC·."- .TRIMCLEFTCPCTLaPCTUlID • ICHDRINCR'» 
CALL SWI'UT' •• ' .ntIMCLEFTCPCTL&PCTLHl" »)) 
ClaL ~(." •• TRIMtLEFTtPCTLIPCTLHIGK· &CHDIlINCR)" 
CALL SWIPUT[·tW(·.TRJMCLEFTtMIC ») 
RUN. . 

PItCIC FCIIUMT; ,. , ..... t for r •• ,onsa raft •• s a 1 •• ond t.xt ./ 
"IF XUPCASE[IL~TICT' EQ YES ItTHEN ZDD; 
VALUE FMrcaull aMlN - 81 ..... MVl.DII" 

DZ - us • "aLMllELotf" 
&M - us = ..... AaA8OVE" 
.. _ IUWC a "&LAaVlfJGH"; -XELSE IDO • 

VALlE FPITCOLU UlN - U1 ...... PI - Ul­
an - D5 • "UZ - ...... 
aM - as ."U4 - US­
... - aIIIX ...... - IMX"'. 

RUII, 

PATI£I:Nl ....... 10 C-acaLVLaw ;; 
PA'M£AN2 vaJlSOUD C·acm.IEI.DW; 
PAT'JIRNS vaIISOLlD C=ac:DI..atOVE; 
PAT'IEIIIM vatISO&.lD CaacoLVHJ .. ; 

2IEJrID IMPCOL«; 

Appendix 6: MAPCOl.4R Macro 



:IIIAI:ItD IIAPCOL5C(MTAa, OUT- .R£SPClNSEs , atCIIICIVMs • 
1'DPCDIM'-1 D, 
ctDI'8&llP,CDTHU.I~.CIIX:HA". 
CTDPLOSP ,CDTHLass-,; 

XIMCItO 'AT1ERN5tTCCDL-, -.-, --, TLca-, 
DLCDL-' ; 

ZIF .lEVAL(&c:aLItTCIG»1 
AND E'IAL(oICOUIITDLJ>1 
.. 2lEVAL1~>' Zl'IEN DO; ,. cae. 12145 ./ 

NT1BlNI vatlSDLJD c-.sTtICOl; 
PATTERNZ VCMSOLJD ~...ac:oL; 
flATT£IlM5 IfatIISOllD C~; 
I'ATTEJINIi _ID C-.cn.COU 
PAT1ERN5 VClGDLJD C'qTLCOI. ..... ; 

_SE 
ZIP :lEVA'- tKOUNTOGJ>1 
MID XEV'AL(ICOIMfOLJ"1 
AND ZEVAL(&cOUNnIC)a, XTHEN ZIICI;'. ells. lZ4S ./ 

PATTE'RNl v-tISOLlD CsaTGCOL; 
P4T1BNZ VCfIISGI.ID C:a&DGCOL; 
P4TTPN1 v-tISOLlD eaaDLCOL; 
'4T1'E11N4 v-MSOLJD r;z&n.COL; lEND; 

lBSE 
XJF X£VAL(&COUNlCIG)"O 
MID XEVAL (ac:ctUNTCIL,., 
.., XEVALraaKDITTLl'" 
lAND ZEV'ALracawmcJ>D Z1HEN XDO; fa ca •• J2B5 ·f 

,.ATTEIUG tPMSDL.ID C-aTGCOli 
PAnERNZ vaMSDLJD C-1OGCOl; 
I'ATTE1t115 VoMSOLID_; 
PATT£1N4 V:-MSOLID C .. TLCCH.; XDID; 

lBSE 
.IF SEVALC&cIUffOO»1 
AND XEVALC&COIIIfOL)·' 
". .vALC&c:GIINnU>1 
MID X£VALC&c:OUN'fNC)-' ZTHEN SlID: /- cas. lZ§ ./ 

MT1EJtNl V-JtSOLD CCT8COL; 
M11£RII2 VSMSDLlD caaDIICOL; 
PA1'lEIINS VSfISOLID C*&TU:aI.; ZEND; -XIF XEVALCICDUNTD81"O 

AND XEVALrolCCUlTTL1-' 
Me XEVALC&COIIrfJtrICJ>. JmEN XDD; /. AS' 121 -/ 

I'ATlEIUII "._ID ~l 
p.TTEfUr12 v-MSOLJD CSIOBCDI.; 
PATTE'IUtIS valllSOLJD c-&NCCOI.; XEtI). 

lBSE 
"IF X£VAUII:DUIITOIII>. 
ND SEVAlrICOUfl'TU-' 
NG XEVALfaco&NfNCJ-' X1MEN xao; I. cas. 12 -/ 

PAnERNl VSNSaLJD c-aT8CDL; 
PATlERN2 VSIISDt.1D c-aoacDL: XEIID: 

lBSE 
XIF ~(ICDUNTT8I>' 
AND :lEVALl&CDUN'TDliJ-' 
.. :IE¥M. (IICDIIftDLI>1 
AND ZEVALI&CDLINTNC1>D X'JJEN XDD: /. case 1$45 ./ 

PATTERNI vatlSDLtD c-aTGCDL; 
PATTDNZ vatBaLJD cauccoL:; 
P4TT'ED15 vatlSDLlD c-&OI.CDL:; 
PAT'TE1tN6 VSfISDLtD c-a1'LCOL; XEIID: -XIF XEVAI.(acDUIfTTlIJ"1 

MID ZEVAL'atDUIIIITV8).' 
... :lE¥AI.(EDIINTDLJ>D 
AND ZEVALC&CDUNTIC).' &'ftEN DO: /. cas. 145 ., 

PATTERNI 'PMSOLID caa'TGCGL: 
PATTERN2 v-MSDLID ca&OI.COL;: 
PA'TTERNI vstISOL1D ea&TLCGL; XEND; 

IIEI.SIl 
"IF ~IICDUNTT8I>' 
AND IlEVAi. lICOUNTOBI-' 
AND IEVAL lacauNTOLl-' 
.. ~'ICOUNTTLJ"I _ IEVAL(_I>I xnt!N 

PAtTERNl v-tlSaL.lD c-&TGCDt..; 
MnERNZ VCMSCILJD c=..:aa.; 
PA1'TEIUG VSMCILID c .. n.COI.: -XJF 2E¥ALlICOUNTT8J>' 

AND SEVAL(&CDUNTD8)-' 
AND :IEYAL(&COUN1TLJ.' 
,.., .eYALI&COLlN11C)'" XrtEN 

PATlEIINJ _ID _nlcou 
PAT1EM2 v-IISOLID c-INCCOL; 

0ELSIi 
XJF SEVAL. (ac:GUllJ'TGJ a. 
AND IlEVAL(_I>' 
_ 1EVAL(1ICIIIIII'hIC1>' lmEII 

PA"f1'EIlNl VaJIISDL1D calHCCOL.; 
PA11ERN2 vaMSOLID C*IOLCDI.: 
PAnaNS vatISOLJD C-'TLCOI.; 

ZEL$Ii 
ZlF XEVAL(ac:DUNI'T8J-D 
AND X£VAI.(&CQIIoITOL,>. 
AND SEVALlaccurrtrlC)·' ITttEN 

PATIEIINl V-MSGL.JD CSIDLCDI.; 
PAl1J9UI2 "'_ID 1:>&n.COL, 

ZELSE 
KIF sEVALC&c:oI»lI1'CJ·' 
..... IEVAl,.I&COUNTDI.J·. 
AND aE'VAU&CCUrITTLnl 

XDD; ,. 

-; 

SID: ,. 

lIEII>l 

XDO; ,. _I 
XDO. /. -; 

c.s. 135 ./ 

eu_ 11 ., 

cas. lei ., 

c.s. 45 -, 

MIlD XEV'AUac:ouNTICl >. X1lEN XDD:; /. ca._ 55 -, 
'ATlERNl V-MSOLID CSINCCOL: 
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PATTEIUIZ .,....,18 ca&TLCaL: ZENDa: 
_SE 
XIF XEVAL'acGUNTTGJe, 
AND XEVAL'acauNTTL)·' 
AND XEVALI&CCMnMCJ"" XTHEN XDO; /. c ••• S ./ 

PATTERNI VSMSOLID C-aNCCOl: SEND; 
XIEND PATTERNS; 

PWtOC SORT DATAsaDATA DUT-saRTED; BV DESCENDING aRESPCINSE. ..... 
DATA TDPGAIN OTHIJAlN NDCItIING DTHER:; 
IlETAlN CDUNTTG I;GLINTaD CGUNTNC I; 
IF _ .. _al THEN aD; 
CALL SYJIPUT,"CDUNTT.' ,TRJMILEFTlCOUNTTGJ]'i 
CALL SYIIPUTI "COUII'OB", TRIMtLEFTlCOUNJDBJ 1): 
~L SYMPUTltCOUMTNet.TRJ"(LEFTl~JJ1; 
CALL S'fMPUTt t'T'OPSl'IXTt ,. .)) 
CALL SYMPUT( • OT"1'EXT , ,. ') i 

ENDI 
SET .. TED DllJ-uS'r; 

/. ,rou, 1 ./ 
/ ..... oup 2 ., 
/. ,"o.,p S ./ 

IF N <_ 81'OPCDUNT AND UESPGNSE" n£N DO; 
aDiirovAR-l : 
CDUNrT8-COUNTTG·l i 
OUTPut 1'DPGAIN; 

ELSE 
IF aESPOIISE )0 D 'THEN DO; 

acttDROV"·Zi 
CCJIII'J'OG8=-rcJ1+ 1 ; 
DU'I'PVT OTHMIN; 

ELSE 
END, 

IF aUESl'RElSI'CGNSEINSE s: • 1lEN DO; 
&CHI:IaCN .. a.; 
ccumcCOUNTNC+I; 
GUTPUT IICICHMIGJ 

ELSE 
GIITPUT DTIER/ 

IF LAST TI£N DO. 

END, 
DDI 
END, 

CALL SVMPUTI'co&IfTT8l, TR1MtLEFTCCOlIrIJTG)'); 
CALL SVMPUTI 'COIIfTOS' , TR'"'LEFTCCOUNTOG») , ii 
CALL SVMPUT( 'COIINTNC' .lR1MlLEFTCCOUNTNC' J, ji 
IF COUNTT8 - J 

THEN CALL SYMPUTltTaP8TEXT'. ·"1"-); 
ELSE 

IF~La~UT"taParExT"'8a1aC'1; 
ELSE 

CALL SYMPUT"TOPGTDT',' .. st ,.aUS')i 
IF COI.III'OIS • 1 

TtEN CALL SVIIPUT( 'D1'ItGTEXT', 'ot ... ,. ''In'):; 
ELSE 

CALL &VHPUTC'OTItIiTEXT', 'ot .. ,. &a'DS') J 
END, 

RUN. 
PItOC SORT HTA-crntER 0UY-$0RT£D2; BY &RESPDNSEl 
R.~ 
DATA 01t1.0S$ TOPLOSS: 
RETAIN _ -"L I, 
IF Jt_-1 THEN DO. 
CALL SYMPUTC'COUNtOL',TRI.'LEFTCCOUrITOL"); /. Inll' 4 ./ 
CALL SYMPU1'C'COUNTlL·.TftIMUEFTlCOUtiTTL»); /. anu. S ./ 
CALL SWlPUTC'TOPLTEXT',' '):; 
CALL S'¥MPUTC'OTHLT£XT',' '); 

EMI. 
SET SCIRTED2 END-LAST ;; 
IF -"- .c_ aTDPCOI8rIT TIEN •• 

&CHOROVM-S: 
COUNITL-COUNTTL -';: 
GUTPIIT TOPLOSS; am; 

ELSE DO; 

&CHaRGV.-'. COUN1OL·COUNTDL-1 :; 
outPUT OTIILOS$. END; 

JF LAST THEN DO. 
eALL SWPUTC·CDUNYDJ.', TRJ"CLEFT(COIaITDLIII i 
CALL SVMPUTC·COUNTTL'.TRJ"(ueFT(~L)ll: 
IF CGUNTTL - I 

11EN CALL SVMPVTC·TOPLiEXT·.'Loss'J; 
ELSE 
IF COUNI'Ol - • 

THEN CALL SYJIPUTC 'TOPL 1EICT'. 'Loaa.s');: 
ELSE 

CALL SYMPUTC'TOPLTEXT','w.rst Loa.es"; 
If' COUNTOL • I 

lIEN CALL SYMPUTC'D1ILTEXT', 'Ottl.r Lou'); 
ELSE 

CALL ~C·OJHl~·.·Dt~.r Less.s". 
EMI; 

RUN; 
ZPATTERNSCT8COL-8CTDP8AIN. 

08C0L-8CO'DGAIW. 
IICCDJ..IICI~. Tl. __ uss. 

OLCGI. SCD'IHLOSSl:; 
RUN; 
PROC FClRMAT:; 
VALUE PMTC0J.5C 

I 
RUN; 

l~ aTOP8'ID'I'" 
2="&C01111TGG atmIl1EXT" 
I..-..c:ouN1'tC UftC" ........ 
.............. at._lElI .... 
SZ"acouNTTL &TOPL 1'EXT" 

DATA lOUTi SET TCINAIN DTtIiAIN NDCtItiNG OTHLDSS TDPLOSS;: 
RUN. 
:ICIEND MAPCOL5Ci 

Appendix 7: MAPCOL5C Macro 
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DIACRO USMIIDSCNDBOXSTAa, 
J)ATA8. _2&. 
AtItDV .... ~, our_. -. AlarlllSlZEaJ _H, 
""'"""". IL .. ·); 

PUC SCIlT DATA-IMTA OUT-VALUES; a. STATE. .... , 
Xlf ~ IE...... XTHEN ZGOTO 'A$TRANC; 

PItCIC saty "T~DATA OUT.~, 
BY I:IESC&IIDI- UMCWAR2; 
RUN; 

OATA P1I1ItMI(; 
SET IIAICED; 
FeRMI ... 12.; ..... -"-' -, 
PUC saRT DATA-PUTRANIl DUTaRMaSi BY STA1'E; -, 
.DATA VALUES; 
IIEIUIE VALUES UNQ.; BY STATE; 
RIIN; 

",.n..: 
~ ••• n4ar-pr •• l'.' e •• rdlAata •• ~ cto'a .. ntors; r ... ata -, 

PRCIC SORT ItATAlItMPS.USCENTEIt OIJTaCEJlTERANl 
BY STATE IlESCEleU. DCUN;. .... , ,. ..~de¥el.... .4just..nts - s.. CARDS 1n ,.,or ., 
DATA CHAtGES. 
JliF1LE ·Gl.e.sp.SAS .. lIICP8MStUSCDFtKJ tJ 
I .. ur STATE _ • -.. ~l 
.l1li; 

,. .blft c •• rdl.ato. as ••• r-r ......... d ./ 
.... TA CENtDSIIlE£p.STA1'E acEAN X y); 
MERlE C£N1'ERAIf OtANGEScr ... CHAfGE)::: 
ay STAlE JESCEJlDJ.. DC£MI; 
IF aw.e THEN DD; 

II • X .. CIIU.aX; 
y • y .. atMaY'; 

END; ,. t.ace c •• tors Wield .. x1... Ala.... ar.. for ., 
.... ; , .... etat, •• , ollHf1Clsunt fro. all 'Olln'orSas ., ,. .. ~. ~ •. 1... • ctot. contors ., 
DATA JlER8ED; 
fEIIIIE VALLES« U.-JINVALUE$) C£NJ'£RS; BY S1,..; 
IF IWALUES; -, 

,. talc DATA St., ~r ••• ' & .ate.'.. ..rslen ~ -, 
, ........... I_ of SAS T ••• nleol Ropert P-l" -, 

Dd'A aaut ..... ; 
SET 1IERfIED; 
RETAIN FLAaJ ..-nt __ FlN:TlaN STYLE I A; 

IF -"-. 1 ntEJrt FUI8· Ii 
XSYS • 'Z'; ,. tile .et: eII.n ... , 
YSVS • '2'; ,. d. nat: cb ••••• / 
..... II: 'AI; f • ...... t .. Ita ..... , 
COLOR II: .at.~'; 
If' FLAG 11:, TtEN DO; 

FUNCTIGM • I LAIIEL '; ,. tlllSs .... ...c.,.. fer 1 .... 1 ./ 
STYt.E II: ~; ,. f •• t ., 
SI2£ • UMiOSIZE, ,. f.ntslZO; ., 
1£X1 • FIPSTATEtSTAlEJ; ,. st.te a.~ •• l.tl.n -, 
IF OI:£AN..... OR FIPSTAlErSTATE). 'YT' 

1HEN POSrTlON. '2'. ,- 1 call ...... c.n~ -, 
ELSI' POSITt_· 'S', ,. al" ,,,sUf.,. l..ft ./ 
DIll',"; 
TEXT • LEFTr......-.zJ J 
IF DCEM - 'N' _ FJPSTAT£CST~TEJ. 'VT" 

THEN PaSITICJN· '5': ,- lont. ot co.ta,. ./ 
au POSITION ..... , /- also jltst1fll' 1.ft ./ 
DUTI'UT, 

ZJ~ IAlMMMRS tE ...... xnEN XI»; 
1'£JC1' It u:nC......,.NlS);, 

lEND; 
ZELSE sao; 

TEXT ••••• II TRJ"'LEFTCRANK)); /- supplY c_. r.na -/ 
lEND, 

If' OCIAN. 'N' DR: FIPSTAT£tSTATE) II: 'VT' 
THEN POSITION· '.'; ,. 1 cell •• 1 .... at.,. ., 

ELSE POSltl .. • 't'. /- also JustifY l..,t ., 
OUTPUT; 

BIll 
ELSE DO;'. Draw arrow fro. 1 ... 1 1ft AtlaUc Oe •• " ., 

FUNCTICII' • ' '''; ,. t. e •• t:er of e ••• ta1 .tat.. ., 
SIZE. 1.lli ,. , .. jvct t.lck ..... If d .. Sr •• ) -, 
DUTPUY; /. TrUI." •• _ IJCEANIIN .lts ., 
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FLM • '; ,- aft.,. DCEANaY ft.. .tat.. ., 
END; 
IF CICIAN:& 'V' THEN DD: ,- Pult18n tail .f ... ,. ... -/ 

FUNCTIDN • 'MCNE·;. 
IF FlPSTATECSTAn::J NE 'vr-

THEN ... X ....... 5' 
ELSE Y· V - .12';. 
OUTPUT;. 
FLA8 • It 

END; 
RUN; 

"IF &IL,..c NE YES XTHEN S8:ITD LATER; 

PRDC FREO DaTa-MAPS.US,; 
TMLES ST .. TE....." , 0UT:cCCttMfS NDPRINr: 
.UN; /. ..VAt p.Snts .n •• ch ..... nt of •• ea s~.t. -/ 

PJtOC SORT DATAaCOI.If'I'S. 
ay STATE DESCENDING CDUNI • 
..... / •• .,t MSt. .... 1 ..... _at 1n aut. t:lrs'\:. ., 

DATA alGSE8. ,. k •• , a1'I.st ..... At *er .~ stat. ./ 
SET COUNTS; ,. [ta.,.a a,.. anly 5 .ultl· ...... t st.ta.' ., 
BY STAtE DDCENDnG COUNT; 
IF CFIPSTAl£CSTATEJ NE '111' ..... FIRST .. $TA1'E) 
CIR CFIIISTATECSTATEJ EO 'M!' MID IGT FIRST .STATE) i 
RUN; ,. asua1111' aost co .. l.. • ..... t is .. I •••• e ., 

DATA DELOCEANJ ,. _r.p stat.s wit. a ••• 1ft OC •••• / 
SET CEOIfEIIS, 
IF FIPSTA1ECSTATE). -HI' TtEN DELETE. 
IF ac:EAN. 'V' OR LM[DCEAN]· -Y· TIEN IEL.£TE; 
.UN} ,_ c ... t.l st.t.s •• v. two •• ts of eDOrtlll •• ta. ., 

DATA IhtERCICEEP-STATE SE8MENT X V); 
MEJtaE 8J'" 1EL00000U..-..aDCEAIQ J BY STATE; 
IF tIIIX:EAN: 
RUN; ,. •••• ..ar_S •• t •• onlW for state. wltb .1aatiftl ., 
My,. __ STATE -. X y), 
SET J NNER; ,. Uk6 •• xes fe,. Inn .. state. ., 
"-X; IV-y;,..... c •• ,.dS •• t.. of caater .~ 
Xc.; Y.~; OUTPUT,'. c ... t.r1ntul~ ••• aut .. e .... ~ ./ 
SELECT (f'IPSTATE[STATE)); ,. aetiaR .ap.ue _ state ., 
1IItEN ('Fl') DD; 

X-.. - ••• III; vaaY+.Il25;. OUTPUT;'. u,..I" left ., 
X-X. yay -.1280; ~; ,. lower 1.ft ./ 
X.X + •• 281. yay} 0UTPV1'; /. 1 ..... ri.ftt ., 
X-X;. y.y +.1215; OUTPUT; / •• ~,ar ~il.t ~.S.t 1 ., 
x-x .... 11410;. 'PY •• '''5; DVTPUT;'. ..,"r rs ... t ,."', Z -, 
x-x ..... 217; V.V; OUTPUt; , •• "or ,aft ••• t. •• , 

END; 
NtEN ('TN') DO, 

M-ax; v-av •• DI25; DUTPUT; ,- .,Nr 1.'n 'Oint 1 -, 
x-x -•• 1'1; YWY - .... 1.. OUTPUT;' ... ,per left Pllftt 2 ., 
JeIIX: yay -.1211; DUTPUT}'. 1....,. ~.ft ., 
MaX ....... yay; OUTPUT;'. 1 ... ,. ~l.bt ./ 
.-x; rpY •• 1.,; OUTPUT;'. 'II"'" ri.ht -, 
... - •• lQ: '¥*V: OUTPUT,;'. app,,, 1.ft •• Int 1 ••• ai" -/ 

EM>; 
.... CtW" DO; 

S.0-•• 17.. ya..,..tIB: OUTPUT; /. V .... r .l.ft ,0Snt J ./ 
.......... 21; yay -.'115; OUTPU1';' .... ,.r left p'Int Z -, 
... - •••• Z: V*Y -.I.SI;. DUTPUT. ,. uppe" 1.*t "Int I ., 
x-x -•• ,45; ¥C¥ ••••• 5; OUTPUT. I. up,.,. 18*t ,81nt •• , 
X.X; v-v -.IZI2; OUTPUT. '* 1 ... 1" left ., 
xax ••• 281; '/¥V; outPUTI ,- l .... r rl ... t ., 
xax; v-v •• 'UI; OUTPUT; ,- ... ,.r rl .. t ., 
XSX - .. IZI7; VCV;: OUTPUT: /- u".,. left p.lat I, ... In ., 

END, 
D1'fERMJSE DO; 

K&RX-.Ol'l; v-RY •• Dl25; OUTPUT. , •• ,,.,. 1.fe -, 
X-X; y.V -.Izao; OUTPUT;,- te..r 1.ft ., 
X-X •• 1210: V-V; OUTPUT;.'- l ... r rl.ht ./ 
X:&X. v-Y +.1281: OUTPUT; / •• ~r rllht -, 
X-X - ••• ,; yay, OUTPUT;' •• JII~"" left ••• 01n -, 

END; 
END; 
RUN; I. all etat. fl .... , ••• e_oclfic t. aox clZa */ 

zlF UGOJrSTA Eq XTHEN XGOTO LATER. 

PROC _T IlAT.· .... aXSTA OVT.ND8OX£S; BY STATE:; .... ; 
DATA IDlES; 
IER&E IICDI£S tlDaCDCESUNatC!BOXJ; av STATE; 
IF ICIIIDX lIEN 1JEL£TE1 
aUN; 

IlLATa: 

DATA &OUlMP;: 
SET .....s.US 
"IF 111._ EO YES ~ """; 

BOllES -, 
BY STATE 'SE8EN1', 
RUN: I. lat.rl.... "P •••• c.ordl •• t.. ., 
AppendiX 8: USANN03 Macro 



DATA IMOATA; 
ItFlLE J; 
IlPUT STATEMB • AT1'EN:I; 
STATE - STFII'SCSTATEA8J; 
RIllI 
XMPCGUICCIhlTA-INDATA.ClCRDVARsATTEIID.NCLIIS=7) 
RIIII 
,. 1.,Uoes • title ctlit:o .. "t:c .. oro -/ 

LSlEllDI lAllB.atDE VAUEa [FaCENTX H.' .aJ 
SHAPE .... [3.~, •• '4J ~2; 

PItGC ..., IMITAaINDATA ~.US ALL; 
III STATE; 
DIIlO ATTEND / LECEND-LESENDI DISCRETE COUTLJtEall.MX1 
F'CIRMT ATTDI) FJlTCOLNC.; 
R ... ; . 

Appendix 9: Program for Seven Color Map (Figure 4) 

XMCRO MAPCaLJCCDATP,ctmDVARa,NCLUS-,.MElHQDaCENfRDJD, 
USERCOLS·NO.useacoL.J· ... ITE_USERCDL2ZCY ... ,USElCOLS......anA, 
IUSERCO&.41'YELL .... ·JSFRCOI S-.a.IE, usac:oL.'-IiIIt£EN,.USERCOL7avJDLETJ; 
PItOC CLUST£R DATA-&DAT_ OUTTRE£aI: ..... 1N1' ~; 
VAl ICHDROVM; 
RIIII 
PROC TREE DATA-C ouraT MaallCLUS NOPRINTI ClIP\' __ I 

."'1 
PROt SGRT DATAaT OUT-S; BY CLUS1'ER at;:ICRDVAIl; 
RIll. 
PRDC UNIVARIATE DATAtS IrIOPRINT; 
BY CLUSTER1 
VAl: aaatDVAI.; 
OUJPUT aur-u MJ ..... IN MXa1WCj 
IlIIII 
PRDC SORT IMTA-U DUT-TOFDRMT; 8Y MIN; 
.111; 
:IOMatO VMLISTCIIMRCCRINT-J); 
XDO I - 1 XTO &VMCGtINT; 
.. I -. XIIIEND VJlL1ST;: 
~A JILILLj 
SET TCF'OIlKAT; 
X8I.DBAL "" .. LISTeVARCDllf'l'.Z ..... :U,lSJ ; 
CALL SVMPUTC·.·.ILEFT'C2 - JI_' .. IJ.TRIMeLEFTCPIlN"'; 
CAU SYMPUT'C· .. • •• LEFTt(Z • JI_l J.TaIIlCLEFTCMX)'J; 
RIll. 
PIIOC _TI VALlIE _ 

XDO I - 1 X10 INCLUS; 
XL£T ... lEVa ((Z • au ... n;: 
ZLET N - XEVALC(Z - aJ) ); 

XJF ........... - ........ XltEN XDO; 
-.. - ..... '& ........... _'''&UIN'' -. .a.se XDD; ..... -................. -I -. I 

RUN; 
PATTERNJ V-MSOLID C-ausERCDLl; 
XIF &USERC:DLS-Y& Sl1EN suo; 
PATTDNZ V-ttSDLJD c-aUSERCOL2; 
PA'TTERJe vaMSOLJD CS&USEltCOL3; 
PATI'£IlIM v-ttSCILlD c-,'!SFpc:m '; 
PAT1'DNS v-MSDLID C-&USERCOLS; 
PATI'EINi vaMSOLJD IC*IJUSERCOL'; 
PAT1EDI7 vaMSGLlD C-aISEJlCOI,.7; 

IEJII), 
XIF &NCL1JSa7 XTtEN XDD; 

lriformation· Visualization 

PAT1EItJQ' VaMSQI.,ID-CSGRAYSS; ,. aat 'lec.k f111 ., 
PATlEItNi vaMSOLJD C-BRAVS.; ,. 15% 1I1u. f111 -/ 
PATlEINS V-HSDLJD C-BRAva.; /. sax .I •• k *111 -/ 
PATTERN4 vaMSDLID C-8RAY .. ; ,- 15& IIla.k fill ./ 
PATTERNS V-MSOLID C-GRAYCC; /- 2'% IIlack fill -/ 
PATTERN2 vaMSDLlJ) CaGItAYF2; ,- 5X 'lack fUl ., -I ELSE XlF aNCLUS·' X1lEN XDO; 
PA~ V.MSOLID C~S; /. 8" black fill.' 
PATlERNS v-MSOLID C-ORAY •• ; /. ,tX black fill.' 
PA~ yaMSOLID C-0RA¥t'; ,- 4'X black fill ./ 
PATTERNS V-MSOLID c-8RAVCC: /. 2 •• 'lack fill.' 
PATTEINZ ~It c:-RA'tf2;,. 5X lllack fill ., 

IGE>III 
XELSE XlF aNCLUS-S XTHEN XDD; 
PATTERNS V-MSOLID C-CRA¥33; /. 80X 1II1ack fill., 
PATTERNti V-MSOUD C>GRAv.,; /. 'IX black f111 ./ 
PATTERNS vaJISOLIP C-aRAYa5; /. SIX 'lack f111 -, 
PATTEIUIZ vatISOLfP c .... Y£.; /. lIS Itla.k f111 -, 

-I 
J:ELSE ZlF DeL'-' STHEN XDD; 
PA'fT£IUM v-JlSDL1D eaaaAYS5; ,. eft bla.1I: f111 ./ 
PATTERNI v-MSOllD C-GRAY80; ,. SIS 1II1ack fill -, 
PATTEIUIZ v-tISCJI.I» CSIlRAYCl::; ,. 2ft 1II1a.1I: fUI -/ 

IGE>II • 
XELSE XlF INCLUS03 xnEN lIIIO. 
PATTERNS v-MSOLIJI c-8RAVI'; ,. ,OX II1HIC fill -/ 
PATTERNZ VaMSOLlD CaaaAYaI; I. sox 1II1aok fill -, 

IGE>II. 
ELSE XlF 1NCLUSS2 xtHEN XDO; 
PATTERNZ \hIMSOLID C'-'YeO; /. SIX .1aCk fill -/ 

IGE>II. 

Appendix 10: MAPCOlNC Macro 

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

ATTEND c:::J 120 M¥¥d 240 4B0 _SOD _720 

125 MWSUG '97 Proceedings 



~ 
8 
10 
'..:J 

~ 

~ 
So ;:sO 

~ 

.... 
IV 
en 

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 

" 

HI 
51.3 
+0.6 

-: .. 
~ 

_ 10 Beat Galna _ 22 Other GaIns c::J 1 Unchanged III!!iIl'iII 8 Other Losses Imim/J 10 Worst Looses 

S' 
'a> 

I O· 
~ 

[ 
g. 
g 
O· 
:3 



~ 
8 
Id 
'1 

~ 
~ 
~ 
~ ;:s' 
~ 

... 
"" co 

Figure.. Maps of San Francisco SUG! 14, Attendance. By State - Ranges from PROC CLUSTER METHOD=CENTROID 
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