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Compiling Dataflow Systems are Everywhere!
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Profiling a Compiling Dataflow System
Trying to optimize the system

Query
df_sales. join(df_CPUs,

col("df_sales.cpulD" ==
col("df_CPUs.ID"), "inner")
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Profiling a Compiling Dataflow System
Trying to optimize the system

Query Dataflow System
df_sales. join(df_CPUs,

( ‘A
— ‘ for tuple t in table T

‘ load int32 %40, i64 %13

col("df_sales.cpulD" ==
col("df_CPUs.ID"), "inner")

mov rax, [4 * rbx]
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Profiling a Compiling Dataflow System
Trying to optimize the system

Query Dataflow System Execution Time

df_sales. join(df_CPUs, ( ‘A Q Execution
—> for tuple t in table T
COl("df_Sales.cpu S {

" " " I load int32 40, i64 %13
col("df_CPUs.ID"), "inner") {

506 /ms

mov rax, [4 * rbx]
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Profiling a Compiling Dataflow System
Trying to optimize the system

Query Dataflow System Execution Time

df_sales. join(df_CPUs, ( ‘A Q Execution
—> for tuple t in table T
COl("df_Sales.cpu S {

" " " I load int32 40, i64 %13
col("df_CPUs.ID"), "inner") {

fr

5067ms %

mov rax, [4 * rbx]
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Profiling a Compiling Dataflow System
Trying to optimize the system

df_sales. join(df_CPUs, .( -

) L —> for tuple t in table T
col("df_sales. Cpu - { load int32 %40, i64 %13
COl("df_CPUS° ”)3 ”inner”) ( mov rax, [4 * rbx]

Query Dataflow System

df_sales. join(df_CPUs,

N

CO].("df sales. Ccpu === —— :g for tuple t in table T

col ("df CPUs.
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load int32 %40, i64 %13

ll),

mov rax, [4 * rbx]

Q Execution

506 /ms
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Profiling a Compiling Dataflow System
Trying to optimize the system

Query Dataflow System .
df_sales. join(df_CPUs, " Q Execution

Col("d_f_sales .Cpu "N — — ( for tuple t in table T

{ —
COl("d_f_CPUS . ||) ’ "iI]IleI'") ‘ load int32 %40, i64 %13 . pelfreport

mov rax, [4 * rbx]
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Profiling a Compiling Dataflow System
Trying to optimize the system

Q Execution

df _sales.join(df_CPUs, ( A "
—> for tuple t in table T
col("df_sales.cpulD" == { 5067ms
: § . ") load int32 %40, i64 %13
col("df_CPUs.ID"), "inner o G
Perf report
loopTuples:
%localTid = phi [%1, %loopBlocks %2, %contScan]
%3 = getelementptr int8 %state, 164 320
Q %4 = getelementptr int8 %3, 164 262144
uery DataﬂOW System % = load int32 %4, %localTid
: %7 = crc32 164 5961697176435608501, %5
s Execution '
df_sales. join(df_CPUs, N Q %8 = crc32 i64 2231409791114444147, %5

co]_("d_f gales. cpu "N — — ﬁ for tuple t in table T
col("df CPUs.ID"), "inner") load int32 Y40, i64 %13
-— . ’

mov rax, [4 * rbx]

W
S O N

beischl@in.tum.de

Q.
0.
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1.
1.
2.
2.
1.
2.

%9

%10
%11
%12
%13
%14
%15

rotr 164 %8, 32

xor 164 %7, %9

mul i64 %10, 2685821657736338717
shr %11, 16

getelementptr int8 %5, 164 %12
load int32 %40, 164 %13
isnotnull ptr %12

condbr %15 %loopHashChain %nextTuple
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Profiling a Compiling Dataflow System
Trying to optimize the system

Q Execution

df _sales.join(df_CPUs, ( A "
—> for tuple t in table T
col("df_sales.cpulD" == { 5067ms
: § . ") load int32 %40, i64 %13
col("df_CPUs.ID"), "inner R
Perf report
loopTuples:
%localTid = phi [%1, %loopBlocks %2, %contScan]
%3 = getelementptr int8 %state, 164 320
Q %4 = getelementptr int8 %3, 164 262144
uery DataﬂOW System % = load int32 %4, %localTid
: %7 = crc32 164 5961697176435608501, %5
s Execution '
df_sales. join(df_CPUs, N Q %8 = crc32 i64 2231409791114444147, %5

co]_("d_f gales. cpu "N — — ﬁ for tuple t in table T
col("df CPUs.ID"), "inner") load int32 Y40, i64 %13
-— . ’

mov rax, [4 * rbx]

W
S O N
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xor 164 %7, %9 \f =
mul i64 %10, 2685821657736338717 ¥
shr %11, 16
getelementptr int8 %5, 164 %12
load int32 %40, 164 %13
isnotnull ptr %12

condbr %15 %loopHashChain %nextTuple
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Why do we have this problem?
Identifying the gap

Query

'

Dataflow System

Dataflow Graph

Imperative Prog,

Machine IR

x86 Assembly
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Why do we have this problem?
Identifying the gap

Query

'

Dataflow System

Dataflow Graph

Irnp crative Prog df_sales. join(df_CPUs,

col("df_sales.cpulD")
cel)

Machine IR

x86 Assembly
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Identifying the gap

Query
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Dataflow System
Dataflow Graplh
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x86 Assembly

beischl@in.tum.de



Eur@Sys 202& Profiling Dataflow Systems on Multiple Abstraction Levels

Why do we have this problem?
Identifying the gap

Query

'

Dataflow System
Datatlow Graph

hnperatlve PrO \ for tuple t in table T

if t[1] > 5

Machine IR

x86 Assembly
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Why do we have this problem?
Identifying the gap

Query

'

Dataflow System
Dataflow Graph

Imperative Prog,

load int32 %40, i64 %13
isnotnull ptr %12

Machine IR

x86 Assembly
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Why do we have this problem?
Identifying the gap

Query

'

Dataflow System
Dataflow Graph

Imperative Prog,

mov rax, [4 * rbx]
cmp rax, O
je ...

Machine IR

x86 Assembly
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Why do we have this problem?
Identifying the gap

Query

'

Dataflow System

Dataflow Graph

Imperative Prog,

Machine IR

x86 Assembly Profiling Samples
Execution

@ Profiling ;
Result «<—
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Why do we have this problem?
Identifying the gap

Query

'

Dataflow System

Dataflow Graph

Imperative Prog.

Machine IR Machine IR Results

( Profiling Samples

@ Profiling ;
Result «<—
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Why do we have this problem?
Identifying the gap

Query

'

Dataflow System

Dataflow Graph

Imperative Prog.

Machine IR Machine IR Results|<--........- @ CodeGen Dev

( Profiling Samples

@ Profiling ;
Result «<—
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Why do we have this problem?
Identifying the gap

Query

'

Dataflow System
Dataflow Graph &% Domain Expert

Imperative Prog, "', - Optimizer Dev
¥

Machine IR Results :3:... ......... @ CodeGen Dev

Machine IR

( Profiling Samples

@ Profiling ;
Result «<—
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Why do we have this problem?
Identifying the gap

Query

'

Dataflow System Q 327
Dataflow Graph

for tuple t in table T
if(5[11)> 5| ~"inel

Imperative Prog,

Machine IR Machine IR Results | <--........- @ CodeGen Dev

( Profiling Samples

@ Profiling ;
Result «<—
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Why do we have this problem?
Identifying the gap

Query

'

Dataflow System Q 327
Dataflow Graph

for tuple t in table T
if(5[11)> 5| ~"inel

) Connection lost¥

)

Imperative Prog,

Machine IR Machine IR Results | <--........- @ CodeGen Dev

( Profiling Samples

@ Profiling ;
Result «<—
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Tailored Profiling

Closing the gap
Tailored Profili
_ Dataflow System # o . o . arofer " oS
» Track connection between components of all &0 P Q 32
| Datatlow Graph »

abstraction levels down to generated code 17, Optimizer Dev e e T
. . : | if(s[11)> 5 [ 7

» Map profiling samples back to higher Imperative Prog. | o N
& CodeGen Dev ad jnt32 Y40, 164 /13

abstraction levels Machine IR

Sno tr %12
Hashjoin

. 86 Assembl Profiling Sampl
» Ingredients X060 ASSEIDLy ofiling Samples

— Tagging Dictionary & Register Tagging Execution
Profiling
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Tailored Profiling
Tagging Dictionary

(D Connection tracking of abstraction components for each lowering step (top-down)

Dataflow System
Dataflow Graph

) Connection Info
Imperative Prog.

)V Connection Info
Machine IR

)V Debug Info
x86 Assembly
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Tailored Profiling
Tagging Dictionary

(2 Store mapping in the Tagging Dictionary

Dataflow System
Dataflow Graph

Imperative Prog.

Machine IR

)
)
)

x86 Assembly

Tagging Dictionary
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Tailored Profiling
Tagging Dictionary

(3 Map profiling results to each abstraction level’s components (bottom-up)

Tailored Profiling

‘A

( for tuple t in table T
if t[1] > 5

Dataflow System
Dataflow Graph

Imperative Prog.

load int32 %40, i64 %13
isnotnull ptr %12

Machine IR

x86 Assembly / Q /}\\ Qéo\% Profiling Samples

Tagging Dicti
Execution > aﬁigmg —
& rofilin
Result «<— S
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Tailored Profiling
Tagging Dictionary

4) Aggregate the data for profiling results

Tailored Profiling
;ﬁgﬂ. ]:)()Illfltfl]EbKI)fﬂrt ‘(]’ 399

Dataflow System
Dataflow Graph

for tuple t in table T
if(5[11)> 5| ~"ineT,

Imperative Prog.

)ad int32 %40, i64 %13
<no tr /412

Machine IR Hashjoin

x86 Assembly / Q \ Profiling Samples

Tagging Dictionary
Profiling
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Tailored Profiling
Tagging Dictionary and Register Tagging

Dataflow Graph Generated Query Code

Filterprice>500

for each tuple ¢ in sales

Scan sales 1f t.price > 500

L[

Tagging Dictionary
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Tailored Profiling
Tagging Dictionary and Register Tagging

Dataflow Graph Generated Query Code

Filterprice>500

for each tuple ¢ in sales

Scan sales 1f t.price > 500

{for each tuple t in sales s -> Scan sales}

L[

Tagging Dictionary
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Tailored Profiling
Tagging Dictionary and Register Tagging

Dataflow Graph Generated Query Code

Filterprice>500

for each tuple ¢ in sales

Scan sales 1f t.price > 500

{if t.price > 500 -> Filter}

L[

Tagging Dictionary
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Tailored Profiling
Tagging Dictionary and Register Tagging

Dataflow Graph Generated Query Code

Filterprice>500

for each tuple ¢ in sales

call malloc(...)

Scan sales 1f t.price > 500

call malloc(...)

L[

Tagging Dictionary
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Tailored Profiling
Tagging Dictionary and Register Tagging

Dataflow Graph Generated Query Code

Filterprice>500

for each tuple ¢ in sales

call malloc(...)

Scan sales 1f t.price > 500

call malloc(...)

_, Profiling Sample

4 Source Line

o — Scan, Filter ?

Tagging Dictionary
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Tailored Profiling
Tagging Dictionary and Register Tagging

Dataflow Graph Generated Query Code

Filterprice>500

for each tuple ¢ in sales

call malloc(...)

Scan sales 1f t.price > 500

call malloc(...)

_, Profiling Sample

i Source Line

o — Scan, Filter ?

Tagging Dictionary
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Call-Stack Sample
Recorded Call-Stack

-

malloc(...)

Scan: call malloc()
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Tailored Profiling
Tagging Dictionary and Register Tagging

Dataflow Graph Generated Query Code

Filterprice>500

for each tuple ¢ in sales

call malloc(...)

Scan sales 1f t.price > 500

call malloc(...)
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Tailored Profiling
Tagging Dictionary and Register Tagging
Dataflow Graph Generated Query Code
I

Filterprice>500

for each tuple ¢ in sales

setTag(Scan)
call malloc(...)
unsetTaqg ()

Scan sales

if t.price > 500
setTag(Filter)
call malloc(...)
unsetTaq ()

beischl@in.tum.de
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Tailored Profiling
Tagging Dictionary and Register Tagging
Dataflow Graph Generated Query Code
I

Filterprice>500

for each tuple ¢ in sales

—» setTag(Scan)
call malloc(...)

unsetTaqg ()

Scan sales 1f t.price > 500

setTag(Filter)
call malloc(...)
unsetTaqg ()
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Tailored Profiling
Tagging Dictionary and Register Tagging

Dataflow Graph Generated Query Code

'i for each tuple ¢t in sales

setTag(Scan)
Filter price>500 —>» call malloc(...)

unsetTaqg ()

Scan sales 1f t.price > 500

setTag(Filter)
call malloc(...)
unsetTaqg ()
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Eur@Sys 202& Profiling Dataflow Systems on Multiple Abstraction Levels

Tailored Profiling
Tagging Dictionary and Register Tagging

Dataflow Graph Generated Query Code

Filterprice>500

for each tuple ¢ in sales
setTag(Scan)

call malloc(...)
—» unsetTag ()

Scan sales

if t.price > 500
setTag(Filter)
call malloc(...)
unsetTaq ()
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Tailored Profiling
Tagging Dictionary and Register Tagging

Dataflow Graph Generated Query Code

Filterprice>500

for each tuple ¢ in sales
setTag(Scan)

call malloc(...)
unsetTaqg ()

Scan sales

if t.price > 500

—» setTag(Filter)
call malloc(...)
unsetTaq ()
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Tailored Profiling
Tagging Dictionary and Register Tagging

Dataflow Graph Generated Query Code

Filterprice>500

for each tuple ¢ in sales
setTag(Scan)
call malloc(...)
unsetTaqg ()

Scan sales

if t.price > 500
setTag(Filter)
—» call malloc(...)

unsetTaq ()
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_ Profiling Sample

Machine Register
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(§ UMBRA
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Insights with Tailored Profiling

(§ UMBRA
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Insights with Tailored Profiling

100 1
(§ UMBRA :
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> 75- _
> 50- 2
No_ord...:l_ora’... (32-4%) E 25 -
O 0-
< 1004
Oo_ord<'1995.., (0.3%)  Tablescan 275 S
lineitem (1.6%) g O e
o 25- q
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0 500 1000 1500
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Time per operator Context-aware profiling over time
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Insights with Tailored Profiling

(§ UMBRA
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Overhead and Integration Effort
Is it worth it?
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Overhead and Integration Effort
Is it worth it?

Component Lines Added
Code Gen. 56

» Little implementation effort Sample Procsssing 176
Visualizations 510
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Overhead and Integration Effort
Is it worth it?

» Little implementation effort

» High accuracy
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Component Lines Added
Code Gen. 56
Sample Processing 1176
Visualizations 510
Attributed Samples 98 %
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Overhead and Integration Effort
Is it worth it?

» Little implementation effort
» High accuracy

» Lightweight

» Small query execution overhead
- Tagging Dictionary: populated at compile time
- Register Tagging: 3%

» Cheaper than call-stack sampling

beischl@in.tum.de

Profiling Dataflow Systems on Multiple Abstraction Levels

Component Lines Added
Code Gen. 56
Sample Processing 1176
Visualizations 510
Attributed Samples 98 %

Overhead

10 KHz

Profiling

100 KHz 1 MHz
Sampling Frequency

——Sampling Sampling, Register Tagging

Call-stack
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Impact of Tailored Profiling
Where can you apply it?

» Preserve connection information to close gap
» Profiling results on high abstraction levels
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Query

.

Dataflow System

Dataflow Graph

Imperative Prog.

)

Machine IR

x86 Assembly

)

\

Connection lost¥

\Machine IR Results

( Profiling Samples

Profiling j

Execution

Result «<—
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Impact of Tailored Profiling
Where can you apply it?

» Preserve connection information to close gap

» Profiling results on high abstraction levels

» Lightweight, high accuracy
» Easy to integrate
» Applicable to many systems
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Impact of Tailored Profiling
Where can you apply it?

Connection lost¥

\Machine IR Results

( Profiling Samples

Profiling j

" " " Q’llery
» Preserve connection information to close gap Datafion. Systam
» Profiling results on high abstraction levels DataﬂowaaPh)
Imperative Prog.
. . . Machine IR
» Lightweight, high accuracy p—
» Easy to integrate Execution
» Applicable to many systems Resut <
» Already supported: profiling code on CPUs (multi-
. I} orderkey,avg(...) (65.1%)
socket and multicore) L
o
» Future work: heterogenous compute resources, e O e

distributed systems
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What else can be found in the Paper

» Technical and implementation details
» Tagging Dictionary for multiple abstraction levels
» Register Tagging and call-stack sampling
» Supported optimizations
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What else can be found in the Paper

» Technical and implementation details
» Tagging Dictionary for multiple abstraction levels
» Register Tagging and call-stack sampling
» Supported optimizations

» Integration details for our compiling DBMS Umbra
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What else can be found in the Paper

» Technical and implementation details
» Tagging Dictionary for multiple abstraction levels
» Register Tagging and call-stack sampling
» Supported optimizations

» Integration details for our compiling DBMS Umbra

» More detailed evaluation, runtime overhead and
use cases
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Thank you for watching!
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