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Outline of the presentation

2

1. Complexity as relationships among relationships

2. Topological measures for OTC trading in corporate bonds
○ Academic TRACE data, 2003-2018

3. Empirical application to market liquidity
○ Granger causality
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Related work – CDSs and BHCs 
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Ownership hierarchies and resolution 
complexity in bank holding companies

Risk exposure cycles in the market 
for credit default swaps (CDS) in the 
“London Whale” episode

The Complexity of Financial 
Networks Through a Topological 
Lens



TRACE dealer graph
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Trade Reporting and Compliance Engine (TRACE)
○ Corporate bond trades (or “deals”), reported to FINRA within 15 min of transaction
○ All market-participant (or “dealer”) trades, including trades with customers (or “clients”)
○ Typical day has ca. 70K trades, involving ca. 7K distinct CUSIPs
○ Approximately 1.6M bond-day networks (or “shards”), 2003-2018 

BANK AMER CORP 2.625%, 10/19/2020 maturity, non-callable (CUSIP=06051GFT1)

• As of 05/03/2016, 58 transactions among 22 dealers (+ client buyers & sellers)
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Line graph – highlighting relationships of relationships 
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Building a line graph

1. Identify nodes and 
edges in the original 
graph

2. Create a (line graph) 
node for each edge in 
the original graph

3. Connect line graph 
nodes with an edge if 
they share a node in 
the original

CUSIP=06051GFT1

As of 05/03/2016



Dealer triads and the line graph
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Three derivations – filtered versions of the line graph
● Intermediation graph:  volume passes through dealer X’s inventory
● Fan-in graph:  dealer X is the common buyer in two deals (no client deals)
● Fan-out graph:  dealer X is the common seller in two deals (no client deals)
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Four motifs
● Two deals      

(A, B)
● Three parties 

(X, Y, Z) 
● Filter deals for 

temporal 
proximity 
(within 15 min)



Intermediation graph
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Contemporaneity: 150 minutes

Contemporaneity: 15 minutes (TRACE reporting)

Contemporaneity: 1 minute (riskless principal)



Fan-in graph
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Contemporaneity: 1 minute (riskless principal)

Contemporaneity: 15 minutes (TRACE reporting)

Contemporaneity: 150 minutes



Fan-out graph
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Contemporaneity: 1 minute (riskless principal)

Contemporaneity: 15 minutes (TRACE reporting)

Contemporaneity: 150 minutes



Complexity metrics
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Dealer graph
● MXCC – Size (number of dealers) in the giant component
● NCMP – Number of (undirected) connected components (zeroth betti number)
● NCYC – Number of independent cycles (first betti number)
● Euler-Poincaré formula relates these as a linear combination  

Line graph derivations – intermediation, fan-in, and fan-out graphs
● MXCC – Size (number of dealers) in the giant component
● NCMP – Number of (undirected) connected components (zeroth betti number)
● NEDG – Number of edges
● Line graph derivations use a 15 min contemporaneity window  

Panel dataset 
● Bucket CUSIP shards into daily quintiles by dollar volume
● Average market-activity and price-impact metrics across CUSIPs for each quintile
● 3937 daily observations per quintile 



Summary of 12 complexity metrics
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Three metrics for each of four graphs (dealer, intermed., fan-in, fan-out)
● Magnitude and variability of complexity increases with volume quintile

Quintile 1
Low-volume bonds

Dealer 
graph

Intermed. 
graph

Fan-in 
graph

Fan-out 
graph

Quintile 3
Medium-volume bonds

Dealer 
graph

Intermed. 
graph

Fan-in 
graph

Fan-out 
graph

Quintile 5
High-volume bonds

Dealer 
graph

Intermed. 
graph

Fan-in 
graph

Fan-out 
graph



Liquidity metrics
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Market activity
● Number of transactions per CUSIP (c) per day

● Dollar volume per CUSIP per day

Price impact
● Amihud (J. Fin. Mkts., 2002) – absolute return per dollar volume

● Corwin-Schultz (J. Fin., 2012) – daily high-low spread

Panel dataset 
● Bucket CUSIP shards into daily quintiles by dollar volume
● Average market-activity and price-impact metrics across CUSIPs for each quintile
● 3937 daily observations per quintile 
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P  ρ      τ     τ 

∑
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where P  is the price per bond, and ρ  is the par value of bonds in trade τ   τ    τ 

where T  is the total number of trades involving bond c   1    c T   =   c

V   =   c

      C      C where H   (or L  )  is the bond’s high (or low) price for the day   C 
C   = ln(H  /L  )   c    C 

      C           C where R   is the open-to-close percent return for the bondA   = |R  | / V     c    C 



Summary of 4 liquidity metrics
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Four metrics for the dealer graph
● Dollar volume increases with volume quintile (by definition)
● Number of trades increases with volume quintile
● Corwin-Schultz high-low roughly similar across volume quintiles
● Amihud normalized return decreases by volume quintile (by construction)

Quintile 5
High-volume bonds

Quintile 1
Low-volume bonds



Granger causality – four episodes
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2003-2006 2007-2010

2011-2014 2015-2018

Granger causality captures forecast improvement from a second time series
● Green cells indicate significant Granger causality

○ Column variable Granger-causes the row variable
● First two rows/columns are liquidity metrics
● Last eight rows/columsn are complexity metrics
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Thanks!


