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Our office formulates and enacts emissions
standards for engines and vehicles.

We also have a laboratory.
We measure emissions from engines and vehicles.
We analyze data collected by outside parties.
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Exhaust emissions, or emissions from the tailpipe.

Emissions from cars and light trucks
Carbon monoxide (CO)
Oxides of nitrogen (NOx)
Hydrocarbons (HC) (alkanes, aromatics, aldehydes, etc.)
Particulate matter (PM) (carbon, sulfate, etc.)
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Increasingly stringent emissions standards
Improved technology

When analyzing emissions data, want to know which

emissions standards the vehicles are certified to

Unfortunately, this is not simple

Emissions standards are complicated
there are two sets of standards
9| Federal standards ) _ 5
16/ FfAT2NYALFE adl yRIFENRA
We often lack key piece of information
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Vehicles certified to more than one standard
will mention only one
named after the procedure used for certification.
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EPA Federal Test Procedure

Caold Start Phasze Transient Phase Hot Start Phase
&0 T 505 seconds g&4 seconds 505 seconds

on
[}
1

o
[}
'

L]
[}
1

Yehicle Speed, mph
b
o=

o
!
T




()

The Federal standards have a set of levels,
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But some of these standards are cleaner than others.

Federal Tier-2 FTP Standards (mg/mi)
Bin NOx HC' co PM
g 200 125 420 20
5 70 90 420 10
3 30 55 210 10
2 20 10 210 10

: Reprezents Mon-methane Organic Gases (MMOG)
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Cumulative Fraction
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| f we donot know t he standa

vehicles,

the data can be hard to interpret.
Wi th many datasets, we dono
standards.

Especially if we didndot coll ect

The key to the standards is a code
the Aengine familyo
Stored in the certification database.
If you have the vehicle on hand, you can look it up

Learning the standard afterwards is not ideal
Can we do better?
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We have 3 pieces of information about the vehicle

the make (manufacturer)
the model
the model year.

What can we do with that?

a match merge comes to mind
But is, of course, doomed to failure.

Source 1 Taurus SE Com 11 |characters

Source 2 Taurus 6 |characters




Or, we could merge on the first 4-6 characters from
each string

This would work in many cases,
but is going to fail in others,
Ditto for a SQL join

Source 1 Le Sabre Custom 13 |[characters
Source 2 Le Sabre 7 |characters
Source 1 K1500 Silvera 12 |characters
Source 2 C1500 Silverado 2WD 17 |characters

Miatc cov o



We want to find a matching substring in two

strings, but

We donot Know
What it is,
How long it is, OR
Where it is.

In small batches, can be done by eye, BUT
What if we want to process thousands of cases?



What if we

divide each string into small substrings,
compare all substrings, and
count the number of matches?

If we divide a string
of n characters

Into substrings of 3 characters
The number of substrings is N-2



Example 1: with a shorter string of 6 chars, we get 4 substring matches

characters (Source Strings Substrings
11 TAURUSSECOM | TAU | AUR | URU | RUS | USS | SSE | SEC | ECO |COM
b TAURUS TAU | AUR | URU | RUS

Example 2: with a shorter string of 11 chars, we get 6 substring matches

1 [A4SACABRICL Ad5| 454 |54C|4CA | CAB|ABR| BRI |RIO | 1OL
8 |[AQCABRIOCLETQUATTRC [(A4C|4CA|CAB|AER| BRI (RIO | 10L |OLE| LET [ETOTQUICUAIUAT[ATT | TTR|TRO
QUESTION: How many substring matches do we need

to define an overall match?




Automated: Code the process in SAS

Generalizable applicable to files from any sources

Efficient: able to process large files with reasonable
performance
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1. Assign Process Parameters
1.a declare global macro variables

2. Construct SubStrings (%makeStrings)
3. Remove duplicates on Keys

4. Process Matches
4.a count substring matches
4.b assign sourcematches (decision rule)

5. Isolate Unique Combinations
5.2 Rearrange file for review

6. Merge standards into file
7. Assign final matches
7.2 with probabilities



ldentify sources 1 and 2

%global d d1 d2 nchar ndim ntag make model;

%Ilet nchar =3:
%let ndim =2;

%let Nn=35;

length of each substring

Number of substrings

= . )
Identifies an individual record in each source




%MACROnakeStrings

data &d;

set &dataset (keep = & uselist );

Convert to upper case,
Remove all spaces and extraneous characters

&d. tag = &tag;
&d. make = left( trim( compress( upcase (&make) ,'. - 0&71")));
&d. model = left( trim( compress( upcase (&model)," . - 0&717)));
&d. my = &my;
array str_make [&n] $&d. m1 - &d. m&n;
array str model [&n]$&d. 01 -&d. o&n ;

doi=1to &n;

str_makeli] = 'n’;
str_model[i] = 'n";
end;
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Declare substring arrays,
Initialize with placeholder values
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Get the lengths of the strings

&d._nchar_make = length(& d._make );
&d._nchar_model  =length(& d._model );

Generate the substrings for vehicle make

doj=1to & d. nchar_ make - &ndim;
str_ make [j] = substr (& d. make,j,&nchar );
end;

Generate the substrings for vehicle model

do k=1to & d._nchar_model - &ndim;
str model [k]=  substr (&d. modelk,&nchar );

end;
run ;
%MENDmakeStrings



/********************************************************

* PREPARE CERTIFICATION DATASET FOR MATCHING

********************************************************/

%let dataset= cert.certification

O%letd= crt ;

%let tag= engineFamily
%Ilet make=division;

%let model=carline;

%let my= model_yr ;

%makeStrings

These variables can have one
OAO 1T &2 1 Al AO EI




/******************************************************

* PREPARE THE STUDY DATASET FOR MATCHING

******************************************************/

%let dataset=  reg.vin_decoded ;
%letd= regq ;

%let tag=plate; P = - N
%letmake= vin make : |8 Al A A AE A£EAO

%let model=series; in the second source.

%let my=year;

%makeStrings

Following this step, the code is completely generalized




%let d1= req ; _
%let d2= crt ; ) O
%let my=2009; ta

80 AT 1T OAT EAT O O POl AAOC
OEI Ah 8

data &d1.a; set &d1; where &d1. my = &my; run;
proc sort data=&d1.a nodupkey out=&d1.b;

by &d1. tag &d1. make &d1. model ;
run;

8 Al A @iy duplidated on the key fields in each source.

data &d2.a; set &d2; where &d2. my = &my; run;

proc sort data=&d2.a nodupkey out=&d2.b;
by &d2. tag &d2. make &d2. model ;
run;



run,

data fuzzy;

set &d1.b

Each record in Source 1 can be juxtaposed with each

record in Source 2 by crossing the two datasets.
where = ( not missing(&dl. make) AND not missing(&dl. model) )
do point=1to nobs ;

(N

set &d2.b point=point

nobs =nobs :
< lots of statements

> All the work can be done
e in one read of both datasets.
if < a match is obtained >then output;
end;

The output statement is required.

The juxtaposition can also be achieved through a cross-product

join in proc SQL. However, this approach is much slower, and
requires additional data steps.

(
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array makel [&n] $ &d1._m1l - &d1. mé&n; Character arravee
array modell [&n] $ &d1. 01 - &d1. oé&n; : y

the substrings created
array make2 [&n] $ &d2. m1l - &d2. m&n; | Ppreviously.
array model2 [&n] $ &d2. ol - &d2. 0&n;

array make match

array model _match

retain mml -mm&nO

mol- mo&n O

n_make
n_model

dof=1to &n;

make_match [f] = 0;
model_match [f] =0;

end;
e

0
0

[&n] mm1 - mmé&n; | Declare numeric arrays to
[&n] mol -mo&n; | store match indicator
variables.

Retain the numeric array values,
as well as
two variables to accumulate total matches

Initialize the numeric arrays to
Values of zero.
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e
do I =1to &n;
doj=1to &n;

if modell]
do;

If a placeholder is present in either source,
Al 160 Al OEAOS
| ] NOT="n" AND model2[j] NOT="n" then

if modell] i]= model2[j] then

model match [i]= model match [i]+1

else model match [i]= model match [i];
end, . T, - —— —
else ) £ A OOAOOOEI € | AOAE EO | AO
do;
model match [i]= model match [i];
end;
il Afterward, sum up the total
number of substring matches obtained.

end,;
model_total = sum(of mol - mo&n);
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é | Rd1. nchar_model <= &d2._nchar_model then source ha§ the
nchar_model = &d1._nchar_model; shorter string
else if &d2. nchar_model < &d1. nchar_model then
nchar_model = &d2. nchar_model ;

Depending on the length of the shorter string,
assign a minimum number of substring matches

If nchar_model 1in(0,1,2,3) then n_substr_model =1,
else if nchar_model in (4,5,6) then n_substr_model =2,
else if nchar_model in(7,8) then n_substr_model =3,
else if nchar_model = 9 then n_substr_model =4,
else if nchar_model in (10,11) then n_substr_model =5;
else if nchar model >= 12 then n_substr_model = 6,

If the minimum number is obtained , assign a match.

if model_total >= n_substr model then keep model =1,
else keep _model =0;

If matches obtained on both fields, output the record.

if keep _make =1AND keep _model =1 then output ;e



proc sql ;
create table nodups as
select &d1. tag, &d2. tag,
&d1. make, &d2. make,
&d1. model, &d2. model,
count(*) as n
from fuzzy
group by &d1. tag, &d2. tag
order by &d2. make, &d2. model

quit; Drop any duplicates on key fields in both sources.




proc sqgl noprint ;
create table matchPlusSales as

select nodups.&d1. tag,
nodups.&d2. tag,

Standards.standardLevel

Standards.cafesales
nodups.&dl. make,
nodups.&d2. make,
nodups.&dl. model,
nodups.&d2. model

Now that we have the
engine Family assigned,
we can join in a file
containing standards and
estimates of sales

from work.nodups as A,
work.Standards as B
where A.&d2. tag = B.engineFamily

order by A.&d1. tag




proc means data= - matchPlusSales noprint  chartype ;
class &d1. tag standardLevel ;
var Sales;
id &d1. make &dl1. model;
output out=sums sum(Sales)=;

run;
data sums10 We can sum the sales by
sumsll standard for each plate
set sums;

if _type ='10"then output sums10;
else if type ='11'then output sumsl1i,;
run;

(/)



%let threshold=0.80; And then examine each

standard as a fraction
of the total for each vehicle

data sums2;
merge sumsll
sums10 ( keep = &d1. tag cafesales
rename=(sales= salesTotal ))

by &d1. tag;
salesFrac = sales/ salesTotal

if salesFrac  >= &threshold then probStd =1,
else  probStd =0;

run, If the fraction exceeds an assigned threshold

for a particular standard, we assume that
7A EAOA EAAT OEZEAA OE
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Make Model EngineFamily | Standard
Sourcel Source2 Sourcel Source2
CHEVROLET |CHEVROLET [SILVERADOT |K15SILVERADO4WD 1 Bin 5
CHEVROLET |CHEVROLET [SILVERADOT |K15SILVERADO4WD 2 Bin 5
CHEVROLET |CHEVROLET [SILVERADOT |C15SILVERADO2WD 3 Bin 8
CHEVROLET |CHEVROLET [SILVERADOT |K15SILVERADO4WD 4 Bin 5
CHEVROLET [CHEVROLET [SILVERADOT |C15SILVERADO2WD 5 Bin 5
Standard | % of Sales| | 555 fraction does not
Bin 5 71 exceed threshold of 80% for
Bin 8 29 any standard, so,

’
(12

we decline to make an
assignment




Make Model EngineFamily | Standard

Sourcel Source?2 Sourcel Source2

NISSAN NISSAN ALTIMA ALTIMAHYBRID 1 Bin 2

NISSAN NISSAN ALTIMA ALTIMACOUPE 2 Bin 3

NISSAN NISSAN ALTIMA ALTIMACOUPE 5 Bin 5

Standard % of Sales _

e . Sales fraction does exceed

1L ' threshold of 80% for

Bin 3 13.9 one standard, so, )

Bin 5 83.5 7A‘AQOEQJ'O;EI Pé_pj,m
OAEEAI A AO OEA OPOI AAAI A
OOAT AAOAS8O




make (S1) |model (S1) Length | 1 2 3 4 5 6 7 8
JEEP LIBERTYSPORT 12 LIB | IBE | BER| ERT | RTY | TYS | YSP | SPO
make(S2) |model (S2) Length | 1 2 3 4 5 6 7/ 8
JEEP LIBERTYCHEROKEE2WD 18 LIB | IBE [ BER| ERT | RTY | TYC | YCH | CHE
JEEP LIBERTYCHEROKEE4AWD 18 LIB | IBE | BER| ERT | RTY | TYC | YCH | CHE

This match is probably valid,
but the decision rule
required 6 substring
matches, and we only got
five.




Performance is decent, not perfect
Limited by quality of sources
Multiple matches mean uncertainty
[ I yQiu 3ISh GKSY | ff
Experiment with the decision rule?
More stringent? Less stringent?

Experiment with regular expressions?



