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All Systems Process Two Things
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Option B




Classic Homoiconicity
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Homolconic Data Processing

. Flavor | * Flavor 2

. Data as Code « Code as Data
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Flavor |: Data as Code
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Homolconic Data Processing

(Create Table Caseload date numberOfCases)

(Insert Into Caseload |/ 23)

(Insert Into Caseload 18 23)
(Insert Into Caseload 19 23)

(Select From Caseload (Where (> numberOfCases 5)))
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Partial Query Evaluation

_



Partial Query Evaluation

Engines

Cptimizz

\
3V

Query =2 Storage




Partial Query Evaluation

Query Parse Storage Optimize
Qrearte [afls ®ad He RS

_} ) ’O|<a>/"

Result Return

Process




Partial Query Evaluation
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Partial Query Evaluation

(Select From Caseload (Where (> numberOfCases 5)))

(Select From -

(Table
(data (List 18 [9 17))
(numberOfCases (List 5 74 23)))
(Where (> numberOfCases 5)))
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Partial Query Evaluation

(Select From
(Table
(data (List 18 19 17))
(numberOfCases (List 5 74 23)))
(Where (> numberOfCases 5)))

(Table -
(data (Lust 19 17))
(numberOfiCases (List /4 23)))
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Flavor 2: Code as Data
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Code In a Database

o

“Cherry” 'NULL 0.09
6 “Apple” “Yummy” (Impute)
(UniqueValue) “Pear” "Sweet" 0.69

(UniqueValue)  “Raspberry” (fetch “http://...) 0.04

_



You're probably thinking
"Ihis all sounds really expensive”
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[he Problem Homoiconicity:
Performance
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So how do we make 1t fast!
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BOSS - A Bulk-Oriented Symbol
Store
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BOSS Engine Interface

class Engine A
public:

Expression evaluate(Expression&&) ;
¥
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Semi-static lyping
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Physical BOSS Type-System

For Conventent C+ +-1 nteg ratlon

“ —
class Symbol : public string {}FOY SPCEOI § pata exchange

template <typename EﬁgmentTyDe> struct Span f
ElementTypex element
size_t size,;

&

template <typename...
Symbol head;
tup1e<Stat1cArguments CSt jumentss ~
vector<variant<long, double, S‘fing;ﬁExpre551on>r«i?it"'Vmﬁﬁ

vector<var1ant<Soan<1nt> Span<double>, Span<string>>€ spans)
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Language Integration
Through Semi-Static Typing
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/ero-Copy Data Exchange
Through Spans

* Spans are basically C-arrays (with some sugar-coating)

* Virtually all in-memory DBMSs use C-arrays

» Apache Arrow, C++ Vectors,Velox Vectors, Arraykire Tensors
provide zero-copy construction & extraction of C-arrays

——TT



TPC-H Performance |s Competitive
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Ongoing Work

Storage Engine: Apache Arrow v
Processing Engine: Bulk v
Processing Engine: Mathematica v

Processing Engine:Velox

Processing Engine: Arrayrire These .V.CQMLVC

Ada 00[8 L data
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Shape-wise Decomposition
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Why Code in Data Is Slow

KEY SHIPDATE | DISCOUNT TAX
~1 | "1996-03-13" { (Mean) | 0.10

Virtual ] e
2 "1996-04-12" 0.04 0.08

Fuwnction call

0.06

(If (Greater
'SHIPDATE
"1996-06-01")
0.04 0.06)

(If (Greater
'SHIPDATE
"1996-06-01")
0.02 0.03)

(GenID) '‘OnHold




Efficiently Re

KEY SHIPDATE DISCOUNT TAX
1 "1996-03-13" (Mean) 0.10
2 "1996-04-12" 0.04 0.08
3 "1996-01-29" (Mean) 0.06
(If (Greater
, 'SHIPDATE
(GenlID) OnHold 0.09 "1996-06-01")
0.04 0.06)
(If (Greater
, 'SHIPDATE
(GenlID) OnHold 0.10 +1996-06-01")
0.02 0.03)

atabases

- KEY SHIPDATE DISCOUNT TAX
1 "1996-03-13" (Mean) 0.10
3 "1996-01-29" (Mean) 0.06
2 "1996-04-12" 0.04 0.08
(If (Greater
, 'SHIPDATE
(GenlID) OnHold 0.09 "1996-06-01")
0.04 0.06)
(If (Greater
. 'SHIPDATE
_ (GenID) OnHold 0.10 +1996-06-01")
T - 0.02 0.03)
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Efficiently Re

atabases

bresenting HomoIconIc

- KEY SHIPDATE | DISCOUNT TAX
KEY SHIPDATE | DISCOUNT TAX
1 +1996-03-13" (Mean) 0.10 P 1 "1996-03-13" (Mean) 0.10
3 "1996-01-29" (Mean) 0.06
2 "1996-04-12" 0.04 0.08
3 "1996-01-29" (Mean) 0.06 2 "1996-04-12" 0.04 0.08
(If (Greater
'SHIPDATE itioni
(GenID) ‘OnHold 0.09 > (| Partitioning (If (Greater
1996-00-01") (GenID) ‘OnHold 0.09 SHIPDATE
0.04 0.06) ' "1996-06-01")
(If (Greater 0.04 0.06)
'SHIPDATE
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0.02 0.03) ' "1996-06-01")
T T - 0.02 0.03)
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Efficiently Re

atabases

Partition

KEY SHIPDATE DISCOUNT TAX
1 "1996-03-13" (Mean) 0.10
3 "1996-01-29" (Mean) 0.06
2 "1996-04-12" 0.04 0.08
(If (Greater
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ID 'OnHol :
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cfficiently Processing Homolconic
Databases

KEY SHIPDATE | DISCOUNT TAX
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cfficiently Processing Homolconic
Databases

KEY SHIPDATE DISCOUNT TAX
1 "1996-03-13" (Mean) 0.10
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cfficiently Processing Homolconic
Databases

KEY SHIPDATE I DISCOUNT TAX

DISCOUNT
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cfficiently Processing Homolconic
Databases

DISCOUNT

Shape-Wise-Microbatching

(if you forget everything else...)

. >,

0.10

Imperial College London



Performance EBvaluation
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Conclusion

» Separating code and data works well for monolithic systems
» Composable systems need more flexibility
* High-Performance Homoniconicity Is

* Possible

« Useful
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