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Strings are everywhere Gumera TUM

<> Require efficient text operations
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< Require efficient text operations
<» Should a DBMS use third-party libraries for string processing?
A\ Expensive string conversions due to DBMS specific format

A\ Per-tuple overhead causes significant performance loss

< We need to integrate text operations better!
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Knuth-Morris-Pratt Algorithm

From Naive to Preprocessed

Naive approach

KMP (text, pattern):
lpsTable = preprocess(pattern);

pPos = 0;
pSize = pattern.size();
tPos = 0;

tSize = text.size();
while (tPos - pPos + pSize <= tSize)
if (pattern[pPos] == text[tPos])
pPos++; tPos++;
if (pPos == pSize) return true;
else
shift = lpsTable[pPos];
if (shift < 0) pPos = 0; tPos++;
else pPos = shift;
return false;
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Naive approach
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Knuth-Morris-Pratt Algorithm

From Naive to Preprocessed

Gumera TUM

Naive approach
KMP (text, pattern):
(lpsTable = preprocess(pattern) ;)

Preprocessed approach

KMP (text, pattern, (1psTable) :

pPos = 0; pPos = 0;
pSize = pattern.size(); pSize = pattern.size();
tPos = 0; tPos = 0;
tSize = text.size(); Extract pre- tSize = text.size();
while (tPos - pPos + pSize <= tSize) 'j;zzzggzg"’ while (tPos - pPos + pSize <= tSize)
if (pattern[pPos] == text[tPos]) if (pattern[pPos] == text[tPos])
pPos++; tPos++; pPos++; tPos++;
if (pPos == pSize) return true; if (pPos == pSize) return true;
else else

shift = lpsTable[pPos];
if (shift < 0) pPos = 0; tPos++;
else pPos = shift;

return false;

shift = 1lpsTable[pPos];
if (shift < 0) pPos = 0; tPos++;
else pPos = shift;

return false;
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Knuth-Morris-Pratt Algorithm

From Preprocessed to Generated for ’%TUMY’

Preprocessed approach
KMP (text, pattern, lpsTable):

pPos = 0;
(pSize = pattern.size();
tPos = 0;

tSize = text.size();
while (tPos - pPos +<= tSize)
if (pattern[pPos] == text[tPos])
pPos++; tPos++;
if (pPos == pSize) return true;
else
shift = lpsTable[pPos];
if (shift < 0) pPos = 0; tPos++;
else pPos = shift;
return false;

Gumera TUM

Ge?erated approach

whileLoopHeader:
check tPos - pPos +§ text.size()
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Knuth-Morris-Pratt Algorithm

From Preprocessed to Generated for ’>%TUM),’

Gumera TUM

Preprocessed approach

KMP(text, (pattern), lpsTable):

GeIlerated approach

whileLoopHeader:
pPos = 0; check tPos - pPos +§ text.size()
(pSize = pattern.size(); ¥
tPos = 0; return false
tSize = text.size(); ! )
while (tPos - pPos + (pSize)<= tSize) |CheCk pPos = 1| |CheCk text[tPos + 0] = ‘T’ |
if (pattern[pPos] == text[tPosl]) Spechﬁz% ‘ ‘ 2
pPos++; tPos++; |check pPos = 2| |check text[tPos + 1] = ‘U’ |
if (pPos == pSize) return true; ‘ ‘ L)
else unreachable |checktexﬂtPos-+ 2] =:‘M’|
I
shift = lpsTable[pPos]; HECEEET, S5
if (shift < 0) pPos = 0; tPos++;

else pPos = shift;
return false;



Knuth-Morris-Pratt Algorithm

From Preprocessed to Generated for ’>%TUM),’

Preprocessed approach
KMP (text, (pattern), (1psTable) :

pPos = 0;
(pSize = pattern.size();
tPos = 0;

tSize = text.size();
while (tPos - pPos + (pSize) <= tSize)

if (pattern[pPos] == text[tPosl]) Spedaﬁz%
pPos++; tPos++;
if (pPos == pSize) return true;

else

shift = (1psTable|lpPos];
if (shift < 0) pPos = 0; tPos++;
else pPos = shift;

return false;

Gumera TUM

Generated approach
—~

whileLoopHeader:

check tPos - pPos +§ text.size()

)
return false

Y
|check pPos = 1 | |check text[tPos + 0] = ‘T’ |
T T C
v
|check pPos = 2| |check text[tPos + 1] = ‘U’ |
! T TC
Y
unreachable |check text[tPos + 2] = ‘M1’ |
T
v
|| return true
I
performShift:

oife = 0((-1.0,0)

isNegative = shift < 0
pPos = isNegative 7 0 : shift
tPos = isNegative 7 tPos + 1 : tPos
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Multi-threaded performance on Clickbench: url like ’%googlel,’
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Hybrid-Search

=» Uses SSE instruction:

Gumera TUM

pcmpistri HS(text, pattern):
if (pattern.size() <= 16 && text.size() >= 16)
iter = text.begin(), end = text.end();
safeMatch = 17 - pattern.size();
patternl6 = loadl6(pattern);
while ((iter + 16) < end)
match = (pcmpistri(patterni6, loadi6(iter));
if (match < safeMatch) return true;
iter += safeMatch;
if (iter < end)
match = (pcmpistri(patterni6, loadi6(end - 16));
return match < safeMatch;

return false;
return fallback(text, pattern);
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Hybrid-Search

<» Uses SSE instruction: pcmpistri
> No preprocessing needed

<> Consumes 16 bytes of input text
at once

+ Generated approach is
straightforward

A Limited to short patterns
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HS(text, pattern):
if (pattern.size() <= 16 && text.size() >= 16)
iter = text.begin(), end = text.end();
safeMatch = 17 - pattern.size();
patternl6 = loadl6(pattern);
while ((iter + 16) < end)
match = (pcmpistri(patterni6, loadi6(iter));
if (match < safeMatch) return true;
iter += safeMatch;
if (iter < end)
match = (pcmpistri(patterni6, loadi6(end - 16));
return match < safeMatch;
return false;
return fallback(text, pattern);

< Code generation allows to generate code specifically for longer patterns
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v
whileLoopHeader:
check tPos +§ text.size()

}
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data = load16(text, tPos)
match =(pcmpistri(’Technical Univer’, data))
check match ==
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Example: ’YTechnical University of Munich},’

—

whileLoopHeader:
check tPos +§ text.size()

}

return false

data = load16(text, tPos)
match =(pcmpistri(’Technical Univer’, data))
check match ==

!
tPos = tPos + 1
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Example: ’YTechnical University of Munich},’

—

whileLoopHeader:
check tPos +§ text.size()

}

return false

data = load16(text, tPos)
match =(pcmpistri(’Technical Univer’, data))
check match ==

!
tPos = tPos + 1

data, size = loadAtMost16(text, tPos + 16)
match =(pcmpestri(’sity of Munich’, 14, data, size)]
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v
return true



SSE Search Gumera TUM

Example: ’YTechnical University of Munich},’

—

whileLoopHeader:
check tPos +§ text.size()

}

return false

data = load16(text, tPos)
match =(pcmpistri(’Technical Univer’, data))
check match == 0

!
tPos = tPos + 1

data, size = loadAtMost16(text, tPos + 16)
match =(pcmpestri(’sity of Munich’, 14, data, size)]
check match == 0

v
\% return true

performShift:
tPos = applyShift(tPos)




Evaluatio
Long patterns
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Workload C

291 characters
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Gumera TUM

Exploiting Code Generation for Efficient LIKE Pattern Matching

< Replacing generic function calls with pattern-specific code
= Throughput improvement by up to 2.5x

<> Generating specialized code with SSE instructions for longer pattern
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