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The	arc	density	is	a	compact	graphical	depiction	of	a	molecular	electronic	structure	wave	
function	based	on	the	Shavitt	graph	within	the	graphical	unitary	group	approach	(GUGA)[1].	
The	Shavitt	graph	is	a	hierarchical	directed	acyclic	graph	(DAG),	whose	nodes	k	depend	on	
the	quantum	numbers	nk	 (the	orbital	 level),	Nk	 (the	number	of	 electrons),	 and	Sk	 (the	𝑆"#	
quantum	number).	The	arcs	 connect	 the	nodes	 in	adjacent	 levels	within	 this	graph.	Each	
configuration	 state	 function	 (CSF)	 corresponds	 to	 a	path	 from	 the	 tail	 to	 the	head	of	 the	
graph,	touching	a	single	arc	between	each	level.	A	wave	function	may	be	expanded	in	the	
basis	 of	 these	 CSFs,	 and	 the	 arc	 density	 of	 a	 particular	 arc	 is	 the	 sum	 of	 squares	 of	 the	
coefficients	of	all	CSFs	that	touch	that	arc.	
	
An	 algorithm	 for	 computing	 the	 maximum-flow	 path	 in	 a	 network	 is	 applied	 to	 the	
identification	of	the	dominant	CSF	in	a	given	wave	function.	The	recursive	algorithm	loops	
over	the	nodes	of	the	arc	density	at	each	level,	and,	for	each	node,	loops	over	its	incoming	
arcs,	of	which	there	are	at	most	four,	determining	an	upper	bound	to	the	maximum	possible	
incoming	 flow	 for	 that	node.	The	maximum	squared	CSF	coefficient	 is	 identified	with	 the	
maximum	 possible	 incoming	 flow.	 The	 walk	 corresponding	 to	 that	 CSF	 is	 generated	 by	
backtracking	 from	 the	 graph	 head	 to	 the	 graph	 tail.	 Elimination	 of	 the	 arc	 density	
contributions	for	that	CSF	from	its	arc	path,	and	reapplication	of	the	algorithm,	produces	a	
sequence	of	CSFs	in	decreasing	order	of	coefficient	magnitudes.	
	
For	 relatively	 small	 CSF	 expansions,	 this	 ordering	 can	 be	 determined	 simply	 by	
sorting/ranking	 the	 CSF	 coefficient	 vector,	 requiring	 at	 most	 O(NCSF	 log(NCSF))	 effort	
depending	on	the	number	of	CSFs	sought.	However,	for	large	CSF	expansions,	this	becomes	
impractical	(e.g.	Ref.	2	includes	an	expansion	with	NCSF≈10150).	The	maximum-flow	algorithm	
requires	O(MNnode)	 effort	 where	M	 is	 the	 number	 of	 coefficients	 sought	 and	Nnode	 is	 the	
number	of	nodes	in	the	Shavitt	graph.	For	a	full-CI	wave	function	expansion,	Nnode≈𝑂(𝑁'#𝑛)	
where	Ne	is	the	number	of	electrons	and	n	is	the	total	number	of	orbitals;	other	expansion	
types	have	even	fewer	nodes[2],	e.g.	𝑂(𝑁'𝑛)	or	even	𝑂(𝑛).	Due	to	this	scaling,	the	maximum-
flow	algorithm	is	practically	applicable	to	wave	function	expansions	of	any	size.	
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