
US 20100235300A1 

(19) United States 
(12) Patent Application Publication (10) Pub. N0.: US 2010/0235300 A1 

Feingold (43) Pub. Date: Sep. 16, 2010 

(54) SYSTEM AND METHOD FOR MULTI-LAYER 
RISK ANALYSIS 

(60) Provisional application No. 60/600,653, ?led on Aug. 
11, 2004, provisional application No. 60/363,641, 
?led on Mar. 11, 2002. 

(76) Inventor: Vincent Feingold, Haledon, NJ Publication Classi?cation 

(Us) (51) Int. Cl. 
G06Q 40/00 (2006.01) 

Correspondence Address: G06F 1 7/30 (200601) 
PATENT DOCKET ADMINISTRATOR (52) US. Cl. .............. .. 705/36 R; 707/603; 707/E17.009 

LOWENSTEIN SANDLER PC (57) ABSTRACT 
65 LIVINGSTON AVENUE 
ROSELAND, NJ 07068 (Us) A risk analysis method uses a multi-dimensional risk repre 

sentation that alloWs a standard OLAP engine to perform 
analysis on multi-dimensional data corresponding to a port 

(21) App1.NO.I 12/755,102 folio of ?nancial positions. The analysis includes context 
dependent, heterogeneous aggregation functions. The multi 

. _ dimensional data is represented as a multi-layered multi 
(22) Flled' Apr‘ 6’ 2010 dimensional cube (“outer” cube), Which consists of 

dimensions and cells. Each cell includes a set of coordinates 
Related US, Application Data and an inner multi-dimensional cube (“inner” cube). Dimen 

_ _ _ _ sions of the inner cube include all dimensions required for 
(63) COIlIlIluaUOH 0f aPPiICaUOII N0~ 11/100,841, ?led 011 aggregations. Dimensions of the outer cube include only 

APr- 7, 2005, HOW Pat N0~ 7,756,896, Which iS a 0011- dimensions needed for context (or reporting). An aggregation 
tinuation-in-part of application No. 10/384,721, ?led is performed on the set of measures of the inner cube based on 
on Mar. 11, 2003. a context for the aggregation provided by the outer cube. 

200 \s 215\ 220\ 
Raw . 

Position , Conversion 
Feeds System 

235 
\\ 21 0 230 
Pre- - \ " 

valued P X]; 
Position Positions 08' '0" 
Feeds Feeds 

265 

{240\ 
Valuation Engine Hypoiiiet'cai 

Positions 
i 

Asset Market Risk 
Data Data Positions 

245 250 255 

270\\ ii ii 

Query Subsystem 



Patent Application Publication Sep. 16, 2010 Sheet 1 0f 17 US 2010/0235300 A1 

(m2 r 

@8 $31 

528a >>mm 

gowwwooi :o:m:_m> K2: 

K0: 

INS FNE 







Patent Application Publication Sep. 16, 2010 Sheet 4 0f 17 US 2010/0235300 A1 

G O A 

L v: >> E5 {25 
KO? 5&0? “ \ :5 x62, wszammw fmww hwmmcmE 1| f / $¥6>> i f 

03“ v_._O>> mow 

row“ 
.6 .hO 

v_ >> .. E5 “E2, 

rm; KG; 

(/2; 



Patent Application Publication Sep. 16, 2010 Sheet 5 0f 17 US 2010/0235300 A1 

m .OE 

EQEQM iwmsvmm 
E E m EmEm_m_ v_ m EmEmE m w fmom 55m?‘ m w?mmsomo 1|! msomO n 5636mm 59.551 W wosow m 

" Ema m 

m fmmm (0% M ......................................................................... 





Patent Application Publication Sep. 16, 2010 Sheet 7 0f 17 US 2010/0235300 A1 



Patent Application Publication Sep. 16, 2010 Sheet 8 0f 17 US 2010/0235300 A1 

CO' 

C1 C2 C3 

C11 C12 C21 C22 C31 C32 

FIG. 8 



Patent Application Publication Sep. 16, 2010 Sheet 9 0f 17 US 2010/0235300 A1 

Currency 

C13 033 C43 
USD 0 O———O-—-—~— 

022 042 
GBP O O 

011 021 C31 
JPY O O O 

00 A01 N02 03 04 
(I) r’ f\ f\ 

Y Y Y Y Region 
NA EMEA ASIA LA 

FIG. 9 



Patent Application Publication Sep. 16, 2010 Sheet 10 0f 17 US 2010/0235300 A1 

110 

110 \ f 

FIG. 10 



Patent Application Publication Sep. 16, 2010 Sheet 11 0f 17 US 2010/0235300 A1 

Corp 

FSA FRB 

FIG. 11 



Patent Application Publication Sep. 16, 2010 Sheet 12 0f 17 US 2010/0235300 A1 

122 

2 K 

w W 

FIG. 12 



Patent Application Publication Sep. 16, 2010 Sheet 13 0f 17 US 2010/0235300 A1 

(-1 1:; Q! \Q 

a In 1.1 
a 21' \s' m: 
F '\ In 15$ 

a way \y 
f' [EA 1m <0 
8 2'! \E'! \E! F. 
P 2 



Patent Application Publication Sep. 16, 2010 Sheet 14 0f 17 US 2010/0235300 A1 

LevelO 

Level 1 

Level 2 

Node of Hierarchy and Dimension 

Level of Hierarchy 

Total for a Level 

FIG. 14 



Patent Application Publication Sep. 16, 2010 Sheet 15 0f 17 US 2010/0235300 A1 

2nd. CmC 
Currency 

A 
m 

,,,, -- Q @@ 
- w 

@@ 
| —> 

FRB Legal Entity 

USD—--------- 

GBP—-—-—----—------ 

JPY 

FSA 

FIG. 15 



Patent Application Publication Sep. 16, 2010 Sheet 16 0f 17 US 2010/0235300 A1 

Currency I 

A a a 
i (:1 5 C2 

----------------- ~@ -------------- "Q -------- - 
‘ C3 ‘ C4 

----------------- --@ -------------- --@ -------- - 

5 c5 5 C6 

----------------- Q -------------- ® -------- - 

i i > 
FSA FRB Legal Entity 

\/ 1 
i v 

C-FSA C-FRB 

II II L~J L4 
160 

FSA FRB 

FIG. 16 



Patent Application Publication Sep. 16, 2010 Sheet 17 0f 17 US 2010/0235300 A1 

Currency I 

‘ : i 

i C1 5 C2 

----------------- Q -------------- ® -------- - 
1 C3 C4 

----------------- Q -------------- -@ -------- - 

5 c5 ' C6 

----------------- @ -------------- --@ -------- - 



US 2010/0235300 A1 

SYSTEM AND METHOD FOR MULTI-LAYER 
RISK ANALYSIS 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

[0001] This application is a continuation application of 
US. patent application Ser. No. 11/100,841 ?led on Apr. 7, 
2005, Which claims bene?t of US. Provisional Application 
No. 60/600,653 ?led Aug. 11, 2004 and is a continuation in 
part application of US. patent application Ser. No. 10/384, 
721 ?led Mar. 11, 2003. US. patent application Ser. No. 
10/384,721 claims bene?t of US. Provisional Patent Appli 
cation No. 60/363,641 ?led Mar. 11, 2002. The entire disclo 
sures of US. Provisional Patent Application Nos. 60/ 600,653 
and 60/363,641, and US. patent application Ser. Nos. 10/384, 
721 and 11/ 100,841 are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

[0002] 1. Field of the Invention 
[0003] The present invention generally relates to a method 
and a system for performing risk management analysis. More 
particularly, the present invention relates to a system With a 
scalable architecture for performing risk management analy 
sis and a method of using On-Line Analytical Processing 
(OLAP) engines to perform multi-dimensional analysis With 
context-dependent, heterogeneous aggregation functions. 
[0004] 2. RelatedArt 
[0005] Large ?nancial institutions typically have a large 
portfolio of investment positions at any given point in time. 
Value-at-Risk (VaR) has become the standard manner by 
Which risk associated With the portfolio is measured Within 
these large ?nancial institutions. VaR is used as a quantitative 
measure of risk for assessment and comparison purposes. 
VaR Was ?rst developed as a measure of market risk to 
describe the potential loss incurred by unfavorable market 
conditions. 
[0006] As used in the present discussion, the term “risk” is 
de?ned as the uncertainty of pro?ts or a possibility of losses 
in a portfolio of ?nancial securities. Risk of a portfolio thus 
encompasses all possible values of losses (or results of under 
performance compared to a benchmark) over a ?xed period of 
time. Risk therefore is mathematically described as a random 
variable. VaR is a pre-de?ned quantile, usually 99%, of the 
probability distribution of this random variable. 
[0007] The market risk associated With a portfolio can be 
separated into “continuous market risk,” stemming from con 
tinuous ?uctuations in market prices of instruments in the 
portfolio, and “event and default risk,” Which are due to 
possible abrupt jumps in the instruments’ prices caused by 
events speci?c to individual issuers (e.g., events affecting 
actual or perceived creditWorthiness or future pro?tability of 
the issuers). For debt instruments, possible credit events typi 
cally include changes of externally assigned credit ratings or 
default (insolvency) of the instrument’s issuer. 
[0008] Financial institutions commonly use internal mod 
els for portfolio risk analysis. A speci?c risk add-on for an 
internal model may be an “event risk” for individual equities 
and their derivatives. In the case of the broad market, the 
one-year history of the broad market is by regulatory ?at a 
suf?cient measure of the historical risk of the broad market. 
Thus the event-risk add-on for equities must be some measure 
of historical events spanning “a full business cycle,” Which 
are idiosyncratic to an individual equity and not captured in a 
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one-year VaR. An equity event is de?ned as a jump disconti 
nuity in price relative to the broad market, ob served during an 
entire business cycle, Which is a larger percent price change 
than any price changes that Were observed over the previous 
year and thus already incorporated into the VaR estimate. 
[0009] Generally, a portfolio contains linear and non-linear 
positions or holdings. For linear holdings (e.g., direct-oWn 
ership stock) the VaR of the market risk can be calculated 
analytically. For non-linear holdings (e.g., options and 
derivatives) a model incorporating historical daily rate 
changes typically is applied to the current portfolio, in order 
to generate a distribution for the value of the portfolio and, 
therefore, the risk associated With the future of the portfolio. 
[0010] The output of a risk system is a database that is 
generated in conformance With the above described models. 
The database is re-generated at least on a daily basis, and 
typically is re-generated, at least in part, on an intra-day basis 
to accommodate intra-day changes in the positions held by 
?nancial institutions. The database is queried by the risk 
managers of a ?nancial institution in order to generate risk 
reports. Usually, these reports are generated for tWo purposes: 
to comply With regulatory requirements; and to manage the 
risk associated With a portfolio. 
[0011] Some databases of prior-art risk-management sys 
tems are structured in the form of a multi-dimensional cube of 
cells (nodes). The cells represent various positions contained 
in a portfolio. In the prior-art risk-management systems (also 
referred to herein as “risk engines”) in Which a multi-dimen 
sional model is used, each cell contains only a scalar measure 
representing one particular measure of a position of the port 
folio. For more complex risk engines of the prior art, the cube 
of cells has no more than ten different dimensions, such as the 
currency of a position, the market in Which the position exists, 
and so on. 

[0012] The nature of a multi-dimensional cube is such that 
that reports may easily be generated that satisfy the needs of 
a particular user. For example, upper management may 
require reports that convey executive-level information, e. g., 
Whether a portfolio satis?es federal regulations for capital 
requirements. Alternatively, reports from the cube may be 
“drilled doWn” or presented at a trading-desk level, such that 
a trader Will knoW exactly the predicted short-term risk asso 
ciated With a portfolio being traded. 
[0013] FIG. 1 schematically illustrates a risk engine of the 
prior art. As previously described, the positions of a portfolio 
mist be evaluated at least on a daily basis, as the market for the 
investments is ever changing. Element 100 represents datas 
treams that supply the risk engine With raW data relative to the 
positions of the portfolio. The raW data to be processed is 
directed to one of a plurality of valuation-processing systems 
(pipes) 102, 104, 106, 108 in order to be valued. For example, 
positions that are comprised of US. equities are directed to a 
valuation processing system (pipe) 102; foreign bonds are 
processed by a pipe 104; options and derivatives are pro 
cessed by a pipe 106, and so on. The positions, once valued by 
the pipes 102, 104, 106, 108, are used to populate the above 
described multi-dimensional cube in a database 110. 

[0014] In the prior-art system of FIG. 1, there essentially is 
no sharing of data and no sharing of resources. Each pipe 102, 
104, 106, 108 has its oWn set of resources (e.g., processors) 
and exclusively operate on a particular type of data (e.g., US. 
equities). This architecture, although adequate for ?nancial 
institutions Within a certain siZe, is unable to keep up With 
increasing volumes of ?nancial data for groWing ?nancial 
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institutions. For example, if there is a merger of tWo mid-siZed 
?nancial institutions into one larger institution, the risk 
engines of either of the institutions Would not be able to 
accommodate the risk-management processing of the other 
institution. This typically leads to disparate risk engines 
Within the combined (merged) ?nancial institution, With 
potentially arbitrary assignment of data to be processed by 
one or the other of the risk engines. 
[0015] The only Way that the risk engines of either ?nancial 
institution Would be able to handle the increased volume 
Would be to purchase more, larger, faster, and increasingly 
expensive processors and netWorks. But even this solution 
has its limits, as the architecture of the above-described prior 
art risk engines can only be scaled up so much. One signi? 
cant problem discovered by the present inventors is that the 
architecture of prior-art risk engines leads to uneven Work 
load distribution, Which in turn leads to unacceptable delays 
in valuation and reductions in the engines’ throughput. The 
inventors of the present invention performed a benchmarking 
test of the prior-art risk engines on increasingly bigger 
machines and netWorks, and found that there is a clear limit to 
the extent to Which a prior-art risk engine Would no longer 
scale up. 
[001 6] The inventors of the present invention found that the 
prior-art risk engines are incapable of valuing a portfolio of 
one million positions for the simultaneous processing of a 
one-day VaR, ten-day VaR, corporate stress tests, and speci?c 
issuer risk processing in a timely manner. 
[0017] OLAP engines have been used to perform portfolio 
risk analysis according to conventional techniques. Gener 
ally, as mentioned above, ?nancial institutions use internal 
risk models for such analysis, Which is inherently multi 
dimensional. As such, OLAP engines provide a natural 
choice for performing portfolio risk analysis. HoWever, 
aggregation functions used in most if not all internal risk 
models are context-dependent and heterogeneous. This sig 
ni?cantly limits the ability to use the generic analysis mecha 
nism provided by OLAP engines to perform analyses for 
speci?c conditions. That is, commonly used aggregation 
functions do not alloW OLAP engines to be utiliZed to the 
fullest extent of their capabilities, because such aggregation 
functions are context-dependent and heterogeneous, and 
because the conventional representation of the information to 
be aggregated cannot be adapted to a generic analysis mecha 
nism. Therefore, OLAP engines utiliZed to aggregate conven 
tionally represented information are prevented from perform 
ing a generic risk analysis that is context-dependent and 
heterogeneous, and can easily be adapted to generate an 
analysis using desired parameters. 
[0018] FIG. 8 shoWs an example of a data hierarchy With a 
tree structure, in Which C0 represents a node. C1, C2, and C3 
are intermediate nodes extending from C0, and C11 through 
C32 are leaves extending from C1, C2, or C3. 
[0019] Instead of a tree structure, a data hierarchy may be 
represented by a cube of one or more dimensions. FIG. 9 
shoWs a data hierarchy represented as a tWo-dimensional 
(2D) cube, in Which the horiZontal axis represents “Region” 
and the vertical axis represents “Currency.” For the multi 
dimensional cube of FIG. 9, if an aggregation function f( . . . 

) is a addition operation, Which clearly is context-independent 
and homogeneous, then: 
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[0020] That is, in the 2D (Currency, Region) cube of FIG. 9, 
the node C0 represents the total for the Currency and Region 
dimensions. The intermediate node C1 represents the total for 
the region “NA” or North America, Which has a leaf C11 
corresponding to the Japanese yen (J PY) and a leaf C13 
corresponding to the American dollar (USD). The intermedi 
ate node C2 represents the total for the region “EMEA” or 
Europe/Middle East/Africa, Which has a leaf C21 corre 
sponding to the Japanese yen and a leaf C22 corresponding to 
the British pound (GBP). The intermediate node C3 repre 
sents the total for the region “ASIA” or Asia, Which has a leaf 
C31 corresponding to the Japanese yen and a leaf C33 corre 
sponding to the American dollar. The intermediate node C4 
represents the total for the region “LA” or Latin America, 
Which has a leaf C42 corresponding to the British pound and 
a leaf C43 corresponding to the American dollar. 
[0021] In risk management, hoWever, most aggregation 
functions are context-dependent, as mentioned above. The 
folloWing is an example of a context-dependent aggregation 
commonly performed in market and credit management. 
[0022] Table 1 shows a portfolio of positions. The positions 
in Table 1 may be represented as a three-dimensional (3D) 
cube, With the dimensions “Legal Entity,” “Currency,” and 
“Issuer,” as schematically shoWn at reference numeral 100 in 
FIG. 10. At the vertices ofthe cube 100 are cells 110, each of 
Which contain measures for the three dimensions of the cube 
100. In the case of Table 1, each cell of the cube contains the 
measures “MTM” (market-to-market) and “Exposure.” That 
is, each cell corresponding to Table 1 has three dimensions 
(i.e., the three dimensions of the cube 100) and tWo measures. 

TABLE 1 

PORTFOLIO OF POSITIONS 

Legal Entity Currency Issuer MTM Exposure 

FSA GBP IBM 100 10 
FRB USD GM —2OO —2O 
FSA USD GM 450 30 
FRB GBP GM 300 20 
FRB GBP GM —3OO —2O 
FSA USD IBM —5OO —8O 
FSA JPY IBM 450 30 
FRB JPY GM 600 —50 
FSA USD GE 250 20 
FSA GBP GE —3OO —lO 
FRB USD GM 150 10 

[0023] One of ordinary skill in the art Will appreciate that 
although the cube 100 shoWn in FIG. 10 has three dimensions, 
the term “cube” as discussed herein is not limited to a 3D cube 
but instead may have more or feWer dimensions than three. 
Similarly, although each cell 110 in FIG. 10 is described as 
having three dimensions, the term “cell” as discussed herein 
may have more or feWer than three dimensions. Also, note 
that the dimension Legal Entity may be represented as a data 
hierarchy With a tree structure, as schematically shoWn in 
FIG. 11. 
[0024] In the present example, the aggregation rules are as 
folloWs: 

[0025] MTMs are netted at any level; and 
[0026] Exposures are netter for an Issuer and grossed 
betWeen Issuers. 






























