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The Stanfo r d GraphBase: A Platform fo r Comb in atorial Computing 

A highly portable collect ion of programs and data will soon be available to researchers 
who stud y combinato ri al algo ri thms and data st ru ct ures . All file s will be in the publi c 
domain , and usab le wi t h only one restriction: They must not be changed' A "c ha nge file" 
mechani sm will allow local custom izat ion while the master files stay intact . 

The prog ram s are intended to be interes t ing in them se lves as examp les of "literate 
programm ing. " Thus, the Stanford GraphBase can also be regarded as a co llect ion of 
approximate ly 30 essays for programm ers to enjoy reading, whet her or not they are doing 
algorithmic research. Th e programs are written in eWEB, a combination of TEX and C that 
is easy to use by anyone who knows those languages and easy to read by anyone familiar 
with the rudiments of C. (T he eWEB sys tem is it self portable and in the public domain.) 

Four program modules const itute the kerne l of the GraphBase: 

OB _F LIP is a portable random number generator; 

OB_ORAP H defines standard data st ru ct ures for graph s and includes routin es for 
sto rage allocation ; 

O B _ IO reads data fil es and makes sure they are uncorrup ted; 

OS_SORT is a portable so rting rout ine for 32-bit keys in linked li sts of nodes. 

All of the oth er programs rely on OB_ORAPH and some subset of the other three parts of 
the kernel. 

A dozen or so gen erato r modules construct graphs that are of special in terest in al
gorithmic st udies. For example , O B_BA S IC contains 12 subrou t in es to produ ce standard 
grap hs, such as the graphs of quee n moves on d-dimensional rectang ula r board s with 
"wra p- around " on se lected coordinates. Ano t her generator module, OB_ RAND, produ ces 
several varieties of random graphs. 

Each graph has a unique identifi er that allows researchers all over t he world to work 
wi t h exactly the same graphs, even when those graphs are "random." Repeatab le experi
ments and stand a rd benchmarks will therefore be possible and widely available. 

Most of the generator modules make use of data sets, whi ch the aut hor has been 
co ll ecti ng for 20 years in an attempt to provide interesting and in st ru ct ive examples for 
some forthcoming books on com binatorial algor ithms (The Art of Compu ter Programm jng, 
Volum es 4A, 4B , and 4C) . For example, one of the data sets is words . dat , a collection 
of 5-letter words of Eng li sh that the au t hor believes is "complete" from hi s own reading 
experience. Each word is accompanied by frequency counts in various standard corpuses 
of text, so that the most common term s can be singled out if desired . OB _ WORD S makes a 
su bse t of words into a graph by say ing that two words are adjacent when they ag ree in 4 
out of 5 posit ion s. Thus, we can get from words to gr aph in seven steps : 

words, wol ds , golds , goads, grads, grade, grape, graph. 

T hi s is in fact the shortes t such chain obtainable from words. dat . 

A do zen or so demonstratio n modules are also provided , as illust ration s of how the 
generated graphs can be used. For exam ple, the LADDERS module is an interactive program 
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to co nstruct chain s of 5-letter words like the one just exh ibited, usin g arb it rar y sub sets of 
the data . If we insist on res tricting our choices to the 2000 most common words , ins tead 
of using the entire collection of about 5700, t he shortest pat h from words to graph turn s 
ou t to have length 20 : 

words, lords, loads, leads, leaps, leapt, least, 
lease, cease, chase, chose, chore, shore, shone, 
phone, prone, prove, grove, grave. grape, graph. 

Several variations on this theme have also been implemented: If we consider the 
distance between adjacen t word s to be alphabetic distance, for example , the shortest path 
from words to graph turns out to be 

words (3) woods (16) goods (14 ) goads (3) grads (14 ) grape (3) graph, 

total length 65. 

The LADDERS module makes use of another GraphBase module call ed GB_DIJK, which 
carries out Dijk stra's algorithm for shortes t paths and allows the use r to plug in arbitrary 
implementations of priority qu eues so that the performance of different queuing methods 
can be com pared. 

The gra ph s produced by GB_ WORDS are undirected. Other generator modules, like 
GB_ ROGET, produce directed graphs. Roget's Thesaurus of 1882 classified all concepts into 
1022 catego ri es, which we can call the vertices of a graph; an arc goes from u to v when 
category u contains a cross reference to category v in Roget's book. A demonstration mod
ule called ROGET_COMPONENTS determines the strong components of graphs generated by 
GB_ROGET. This program is an expos ition of Tarjan's algorithm for st rong components 
and topological so rt ing of directed graphs. 

Similarly, world literature leads to further interesting families of undirec ted graphs via 
the GS _BOOK S module. Five data sets anna.dat , david.dat , homer.dat , huck.dat, and 
jean. dat give inform at ion about Anna Karenina, David Copperfield , The Iliad , Huckle

berry Finn, an d Les Miserables; as you might expect, the characters of eac h work become 
the vert ices of a graph. Two vertices are adjacent if the corresponding characters en
coun te r each other , in selected chapters of the book. A demon stration program called 
BOOK_COMPONENTS find s the blocks (i. e., biconnected components ) of these graphs usi ng 
the elegant algorithm of Hopcroft and Tarjan. 

Another module, G B _ GA M ES, generates graphs based on college foot ball sco res. All 
the games from the 1990 season betwee n America's leading 120 teams are record ed in 
games. dati this data leads to "cliquey" graphs, because most of the teams belong to 
leagues and they play every other team in their league. The overall graph is, however, 
connected. A demonstration module called FOOTBALL finds long chains of sco res, to prove 
for instance that Stanford might have trounced Harvard by more than 2000 points if the 
two teams had met-because Stanford beat Notre Dame by 5, an d Not re Da me beat Air 
Force by 30, and Air Force beat Hawaii by 24, and ... , and Yale beat Harvard by 15 . 
(Conversely, a similar "proof" also ranks Harvard over Stanford by more than 2000 points.) 
No good algorithm is known for finding the optimum solution to problems like thi s, so the 
data provides an opportunity for researchers to exhibit bette r and better solutions with 
better and better techniques as algo rithmic progress is made. 



III.1 3 

T he GB _ ECON module ge nerates directed g raphs based on t he fl ow of mo ney between 
indu stries in the US econom y. A variety of grap hs can be obtained , as t he econo m y can be 
d ivi ded into any num ber of sec t o rs from 2 to 80 in t hi s model. A demon st ration prog ram 
ECON_O RDER attemp ts to rank the sec tors in order from "s uppliers" to "cons um e rs," 
nam ely to pe rm ute row s and co lumn s of a matrix so as to minimize t he sum of entries 
abo ve the diagonal. Again, no goo d algo ri t hm s for thi s problem are known; t wo heuri st ics 
a re implemented for comparison , one "greedy" and t he other "caut ious ." Greed appears 
to be victo ri o us, at least in t he economic sph ere. 

The hig hw ay m ileage between 128 No rth American cities app ears in miles. dat , an d 
t he GB_ MILE S modu le gene rates a variety of gr a phs from it . Of special interes t is a demo n· 
st ration module called MILELSPAN, whi ch co mputes the minimum spa nning trees of gra ph s 
output by GB_M ILES. FOllr algorithm s for minimum span nin g trees a re implem en te d and 
compa red , including so me that are t heo ret icall y appealing bu t do no t seem to far e so well 
in pract ice . An approach to comp arison of algorithms called "mem cou n tin g" is shown in 
thi s demon stration to be an eas ily implemented mach in e- ind ependent measure of effici ency 
that gives a reaso nabl y fair comparison between compet ing tec hniques . 

A gene rator module called GB_RAMAN produces "R a m an ujan grap hs," which are im
portant becau se of the ir role as ex pa nder grap hs, use ful for comm unicat ion. A demonstra
tion module called GIRTH computes t he shortest circuit and t he diamete r of R amanujan 
grap hs . Not ice t hat som e grap hs, like those produced by GB_BASI C or GB_RAMAN, have a 
ri gi d math emati cal st ructure; others, like t hose produced by GB_ROGET or GB_MIL ES, a re 
more "o rganic" in nature. It is in te rest ing and im portant to test algorithm s on both kind s 
of gra ph s, in ord er to see if there is any sign ificant diffe ren ce in perfor mance . 

A generator module called GB_GATES produces graph s of log ic circ uits. One fa mily 
of grap hs is eq ui valent to a simp le RISe chip, a program mab le microcomputer wi t h a 
vari a ble num be r of registers. Us ing such a "meta-network " of gates , algo ri thms for design 

automation can be teste d for a range of varying parameters . A demo nstrat ion mod ule 
TAK E_RI SC simulates the execut ion of t he chip on a sample progra m . Another meta
net work of gates will pe rform para llel mul t iplication of m -bi t numbers by n- bi t numb ers 
or by an n-bit constant ; t he MULTIPLY module demonstrates t hese circu it s . 

P lan ar gr a ph s a re generated by GB_ PLA NE, which includes amo ng other t hings an 
implem entat ion of t he best cu rrently kn ow n a lgo rithm for Delaunay t riangulation. 

Pixe l data can lead to inte resting bipartite graphs . Leonardo 's Gioconda is rep rese nted 
by lisa.dat , an array of pixels that is converted into graphs of different kind s by GB_LISA. 
A demonst ra tion routine ASSIGN_LISA so lves the assignment problem by choos in g one pixel 

in ea ch row and in eac h column so t hat the to t a l brightness of selected pi xels is maximized. 
Al t hough t he assignment proble m being solved here has no relevance to art criti cism or 
a rt appreciation, it does have great pedagogical value, because t here is probably no b ette r 
way to understand the character is tics of a large arr ay of numbers than to percei ve the 
ar ray as an im age. 

This lectu re might well have been called "Fun and gam es with the Stanfo rd Graph
Base ," becau se t he demonstration programs a re great toys to play with. Indeed, the author 

firml y believes that the bes t serious work is also good fun , and we shouldn ' t apolog ize if 
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we enjoy doing research. 

A module called OB_SAVE converts GraphBase graphs to and from an ASCII for· 
mat that readily interfaces with othe r systems for graph manipulation. The Stanford 
GraphBase is now being beta· tested, and it shou ld be released in 1993. A book about it, 
containing in particular all the programs together with indexes and typograph ic aid s to 
the reader, will also be published in 1993. 

- Donald E. Knuth 
Stanfo rd University 
Septem ber 22, 1992 




