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Agenda

1. Make the model smaller

2. Make the model process reliable

3. Make the model query efficiently

Throughout the session: diagnose — optimize — measure — repeat
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Understand where the memory goes before trying
to reduce it

Make the model

smaller
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Fabric Capacity Limits

1. Fabric Capacities Are Powerful — Memory Is a Bottleneck
2. Fabric SKU Memory Limits (Model Size)

3. Model Size # Refresh Memory Usage

4. The Design Choice - You Always Pay Somewhere

5. Where Does the Memory Go?
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Fabric Capacities Are Powerful —
Memory Is a Bottleneck

Something went wrong

An error occurred while processing the semantic model.
Please try again later or contact support. If you contact support, please provide these details.

Hide details ~

Data source error Resource Governance: This operation was canceled because there
wasn't enough memory to finish running it. Either reduce the memory footprint of your
dataset by doing things such as limiting the amount of imported data, or if using Power
Bl Premium, increase the memory of the Premium capacity where this dataset is hosted.
More details: consumed memory 12024 MB, memory limit 11267 MB, database size
before command execution 14332 MB. See https://go.microsoft.com/fwlink/?
linkid=2159753 to learn more.

Cluster URI WABI-WEST-EUROPE-D-PRIMARY-redirect.analysis.windows.net

Activity ID 145b8dff-d5a5-47ad-8011-821c78e1ebb6

Request ID 43a81bb5-cd9d-6a1f-412c-e8d1474f85e2

Time 2026-02-02 12:10:49Z

U copy
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Fabric Capacities Are Powerful —

Memory Is a Bottleneck

PowerPivot in Excel 2010
— It's easy (and common) to hit your memory limits

— Refresh requires additional peak memory

You don't run out of features. You run out of memory.

Slide 10

Optimizing model memory is nothing new. It's an ongoing
challenge since the VertiPaqg engine first appeared as

Something went wrong

An error occurred while processing the semantic model.

Please try again later or contact support. If you contact support, please provide these details.

Hide details ~

Data source error Resource Governance: This operation was canceled because there
wasn't enough memory to finish running it. Either reduce the memory footprint of your
dataset by doing things such as limiting the amount of imported data, or if using Power
Bl Premium, increase the memory of the Premium capacity where this dataset is hosted.
More details: consumed memory 12024 MB, memory limit 11267 MB, database size
before command execution 14332 MB. See https://go.microsoft.com/fwlink/?
linkid=2159753 to learn more.

Cluster URI WABI-WEST-EUROPE-D-PRIMARY-redirect.analysis.windows.net

Activity ID 145b8dff-d5a5-47ad-8011-821c78e1ebb6

Request ID 43a81bb5-cd9d-6a1f-412c-e8d1474f85e2

Time 2026-02-02 12:10:49Z

O copy

Get help Close
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Fabric SKU Memory Limits (Model Size)

— There are semantic model memory limits in Power Bl Pro, PPU, and Fabric

— Memory is a hard ceiling; it's not flexible or adaptive like compute Pro 1GB
— No auto-scale available F2 3GB
F4 3 GB
— Capacity upgrades are not linear o 3 GB
F16 5 GB
F32 10 GB
F64 25 GB
F128 50 GB
PPU 100 GB
SKU memory limits are enforced per semantic model F256 100 GB
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Steady-State vs Peak Memory

27.02 GB

+13.51 6B

Memory (GB)

13,51 GB

13.51 GB

Model at Parallel
rest copy

Slide 12

Refresh
31.02 68 31,02 GB
29.52 GB +1.50 6B
+2.50 6B
26.00 GB
Processing Query Total needed F64 memory
overhead memory for refresh limit in Fabric
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Steady-State vs Peak Memory

Steady-State Memory

—  Modelin memory

— User queries

Slide 13

Peak Memory (Refresh)

—  New segments built
— Old segments still present

—  Memory temporarily spikes

Memory (GB)

Refresh
31.02 GB
29.52 GB +1.50 a8
27.02 6B +2.60 6B
25.00 GB
13.51 G
13.51 GB
Model at Parallel Processing Query Total needed F64 memory
rest copy overhead memory for refresh limit in Fabric
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What problem are we actually solving?

e Steady-state ® Peak e Model / DAX/
memory processing engine
memory behavior

Different symptoms. Different fixes. Diagnose first.
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The Design Choice — You Always Pay Somewhere

— Upgrade SKU instead of redesigning the model
— Move full model or details to DirectQuery

— Introduce partitions, hybrid tables, or scale-out

— Optimization is not about eliminating cost — it's about choosing
where to pay it

@] Saving cost @ Faster refresh []DO :ﬁ;t::‘:i‘: <:rts
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Meet our lab: NYC Yellow Taxi

— Scales from hundreds of millions to billions of rows depending on the years loaded

— 194.5M rows in the fact table

— 13.5 GiB total model size

— 66 columns across 8 tables

— Built from the public NYC Yellow Taxi trip data

— Designed to expose real semantic-model memory and performance challenges

Build the lab yourself
— Used throughout today’s demos
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Where Does the Memory Go?

Dictionaries

Hash tables mapping
unique values to integer
IDs for efficient storage

Slide 17

(((

Data Segments

Compressed column
partitions storing
encoded row values

(2
—
0006

Attribute Hierarchies

Pre-built aggregation
structures for natural
hierarchy navigation

®

Metadata

Schema definitions,
relationships, and model
configuration info
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VertiPaq Internals

1. Columnstore

2. Compression Tighten this section.
3. Hierarchies

4. Compression (RLE hint)

5. Processing memory vs steady-state memory

Slide 19 _I Tabular Editor



Data storage:

View for humans - 4columns

ID | Deseription Amowunt F:ai,
2| ox -2832.21 0
% | dinosaur 232899 1
7 | pen 43987 1
5 | Wppopotamus AA3YEN 1

1| cat 7 (0]
3 | sesquipedalion 232,832 1
4 | wicroseope 0.009a%4 1
6 | rhinoceros 204¢ 0
a | daffodil -1#.5 1

10 e|ectmencepmlw 4¢9000 1

SCAEMo

D wtédy
Description ot
Awount Floatéy
F?o;? bit

'3 lx/tes
? bytes
¥ bytes
1 byte

- 3types

10 rows

EI Tabular Editor



Hardware-software systems in one
slide

N — Performance: shovel data through the CPU as fast as you can

B

ons

o | b — CPU always sees a cache line: 64 bytes

— Operating system provides access to hardware

— Disk and RAM: managed as pages (>=4KiB chunks)

— Also: network, GPU, peripherals

CPU — Modern systems can process 100s of GiB/s

\L — Unless you mess things up for them (;

usepuf resu lts
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Data storage:

View for CPUs

I Dcscrip‘t:ou Amount on‘f’
2| ox ~2E32.21 (9]
¢ | dinosaur 222999 1
7| per 43987 1
5 | hippopotamus AA34TE N 1
1| cat 7 (0]
3 | sesquipedalion 232,832 1
4 | wicroscope 0.009%y 1
6 | rhinoceros 204¢ ()
a | daffodil -1#.5 1

10 e|ectmencepmlw 429000 1

SChemo “I
2 w64 € bytes |
Deseription sto 7 Lyte,s
Awount Floatéy T Lytcs
F?o;? bit 1 onte z
j

4 columns
3 types

10 rows

How do we store it?
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Data storage:
row-based
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Data storage:
row-based
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page continues to 4 KB

Header, offsets
pointing to
starts of rows

The first row, at
offset 20

A cache line:
what the CPU
reads at once

EI Tabular Editor



Data storage:
row-based

. 2d6

O30 /S AGe0y

R U W 19)

Qogr ~ VGEo0 QO% + 0090

(e 20 00H WO »000s
v

2% 28

« OO0
0600

« 0000
* 0600

0t/

ID | Deseription

Amount

2| ox

RT3

% | dincsaur

232%AF

H439%7

&y 65 66 is NE A7 1%
1 g e n
on.q b 0000 0000 ¢ . (T Vort Vo 2860
v T Ot 10000 10000 oodn  tnth orelf 0000
£ 1% v .wsq?? v VES ¥ 1 5“ » 2 e Ay a5
0 Q806 :ccoo', e, VOt - tody” / Acooo O00 70000 400066 - 10000 cc~:1
bate / ~tete’ A0t/ v wOnth, [/ g pom 001 Y0000 . ADO000 o 000D 0o
A 00 Or 02 0% 05 A0S 06 0T Lol oM
1 Tee e e e M e m T u g #1:13%
e, 080 O Vo0 G 1 Oeg GO on « Gt L L . W 0y
000 sip” S A0000 oy W00 0ot ' “On +Ooh G0 001,/ 1301
oM o6 7 o1 120 W21 1122 28 125 26 27
! / 1 : 1 . . e Vg V0 Y
{00 0 + 000 (e

5 | hippopotamus

A3 TS

1| cat

2 E0T

GO0

G000
10000 «Ou0 C

5 se,squipedaliom

232832

o miCrosScope

0.009%Y

6 | chinoceros

204¢

a | daffocl

115

10 e|ec‘troencepmlw

429000

D wtéd
Deseription stoing
Floatéd

Flog bt

¥ bytes
? bytes
¥ bytes

|
;

ot
1 ok
TS
1 et I
byl g
T
0 v e
bose 40600
1
O . 'N D00
oty g ; ' DI00 000D
1 ap v309¢ Va0 w Tin AR A AR a6 < 2%/ 7 AV AA, v éa VXY /A e Ay
Wt/ Ao wh oy S T Ao om acod / Aodod :S(\’\’V oy / Aotod / sk
iGon” / m0/ / v voan VO spou / wtatel /. too  vouts /S tgoa S woane S gt
229 a:.so 226 . ,227 + 229 Y 2_\4? a.‘.sd' vane LA as
Q0 4 ) acoo 0000 :"CCO :Cf.\:\:‘ 00 :SC\:\." 0000 oo :-'.\SC :Bﬂ'_‘ :-')lC :l:'\"
ooty Jooee” heen ~ vooos 0000 10000 40600 woos - feeo Yoo’ ooty atoph S wtnt” S v
440 | A .:wal G VRYES 7, ﬁﬁlj? Sfi R T I B 1 252 - 283 015«
. . . V. A /e (94 '
U Y (e (0600~ /adod ) Xtkod / sigbe’ / iadn /A gcoo’ o006~ iooos AN
oo’ 01/ 0 00 vogon / #oote’/ ~tgoa’ / tuow S Mgty / ~oote / Aooor e - ateoo
T R T e T T o 5y P L P L L T e
:5ﬂ(~5‘ : :Eﬂ\.\:’ o :C‘lf—. :5”3 :"J'ﬂ :Cﬂ' :O” ; :ﬁﬂj :D’E :’.Z”:‘ :")’3 :ﬂh:’
+ 0000 V0000 R T R T oo g oo Aty
IR .awa.zwl T BT P A e .% a%6 . ax}
o e o Aains 7 Aok A 7 Auk T i o Vo 0606 Yooud o/ i
Zady “0G O30 00 atty Gt DI *0eCH 0o OIne DIt 00/ A%00
ATF / AAFY | aw1 291 292|293 |24 |25 297 |29% =00 02 |s0%
[y : 00006 oC00 0000 0000 o000 o0 o000 [eln e o000 oo00 0000 o000 OO0
A poly - focoo  foooe  focoo  Josse focoo  Jooce  focoo  [oooe  |ocon  Joooo ooco  [ocoo
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Header, offsets
pointing to
starts of rows

The first row, at
offset 20

A cache line:
what the CPU
reads at once

Elsewhere:
more
metadata, incl.
the schema
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Rowstore

— Header page(s) with aggregate metadata about a whole table
— Header in every page describing data in page (row positions, + more)
— Pages hold collection of rows

— Variable field lengths make all data positions unpredictable
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Data storage:
column-based
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Data storage:

column-based
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Data storage:

column-based
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Columnstore

— Header page(s) with aggregate metadata (~same as rowstore)

— Header in every page describing data in page (same idea, but different
metadata to rowstore)

— Pages hold collection of values from a single column

— Fixed-length fields (almost all numeric types, bits / logical, dates) have
known positions in the page
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VertiPaq is a compressed column-
store engine

Compression
— Value encoding
— Dictionary / hash
— Run-length

All operate on segments: 1M+ records at a time

VertiPaq compression trades up-front processing
time for smaller size in RAM

All compression algorithms are optimized for fast
decompression (very cache friendly)

Slide 35
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VertiPaq types
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VertiPaq types

Vertipaqg Type
64-bit integer

64-bit float

Bit

String
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VertiPaq types

Vertipaqg Type
64-bit integer

64-bit float
Surprised?

Bit

String
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VertiPaq types

Vertipag Type

DAX / Tabular type

64-bit integer

* Whole number
Fixed decimal (currency): divide by 10,000

64-bit float * Decimal
« Date/time: whole portion as days since 1899-12-30,
decimal portion as fraction of day since 00:00:00
* Date: whole portion as days since 1899-12-30
* Time: [0, 1) as fraction of day since 00:00:00
Bit True/false
String Text

Slide 39
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Value encoding

row

A/ uw\l:er‘

17,000,000,001

17,000,000,002

17,000,000,017
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17,000,000,031

0

o 11,000,000,001 ..

1010 O D)C 1
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*DROO

0000 D000
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T 9 Q Q 1‘4 15
0000 oo 1?&;0 G ; Oq O 2 VD008 000G
oMo A11b o om vDDDO . YDDDO
1% M) 3 OD QQ jz VA2 .23
ooor’ - ono 1 c-bo m O O {0000 o000
0001 1010 <O D101 ~0pth +000g . ¥DPO ' +DD00
Y V25 ? o@ QQ g 50 - )
coot ‘om0 1 oto O o ? 0000 10000
100 101D < *0101 *0DOD . *DDOY’  +ODOO
A2 V23 1?‘ Oob on o§1 -3? 29
Q001 Lond ob I 0008 ;0000

*DDOO

5x9’6¢.fte.$=

40 B-./tes
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Value encoding

raw
Number

17,000,000,001

17,000,000,002

17,000,000,017

17,000,000,02.%

17,000,000,031
o ?ﬂ‘*o b 'O?o? OQ 4 ?*
1%,,00:? OQ‘Q OQ 9‘
6 ? 1000, OQQ Oﬁ N
= 1000000, og;fr d
s = EODOmOY T
1

5 x¢% Bc.[tes = 40 bv./tes

Some questions:

What is the same?
What is different?

How big is the common part?
How big is the varying part?
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Value encoding

row value encoded
Number

17,000,000,001 Rl

12,000,000,002 1

17,000,000,017 2

12,000,000,02% 2

17,000,000,031

2%

o iz LOODOGRORY ey i 31
T o 000,000,002 = .
we me 1LOGDOOROR, x e 7 %5%00174900&00@90@@ .:ooo,m
= 1F,000,000,08% . TZ' Attt
,%oo% oqplog; s zz:zfg‘ 333'9“ 5,?651 s | [a

| I | | EI Tabular Editor

5 x % bytes = 40 bytes  + 5 x1=213 bytes




Value encoding

— Integers only
— As simple as base + offset

— VertiPag uses more sophisticated
mathe”matlcal relationships among values
as we

oThese are not specifically documented
publicly, so far as | know
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Dictionary encoding

roaw

String

A long stiring

Locem ipsum

Locem ipsum

999 characters

A short stoing

999 characters

Co?fj.s "

2000

59

* ok
+D0

vor T gt
V095 3 o lq e I i 0ch 9 iaoy
A ™ O MO <06
:-07 c ‘.M
-
or

Y RATY N

L

£ 3
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Dictionary encoding

roaw

String

A long steing
Locem ipsum

Locem ipSum

999 characters

A short string Some questions:

999 characters

What is the same?
What is different?

How big is the common part?
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Dictionary encoding

row

encoded column
o(ictionary

String

Dictk ey
S’tr‘ing

Dictk ey

A long stiring

0
0 A long string
Locem ipsum

1
1 Lorem ipsum

Locem ipsum

99 characters

1
9499 characters
2

A short stoing

2
ASMSWg
3

999 characters

i
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/ » o) .
v 73 VAT B {ofo > oo ~000F /00 |
voui o/ 7 om ~HoA :
c'u / oncl’ (1700 :.";": ~ 05 001 e <0 q S q 6 Btftes
. #1po ¥ A 3 v |
¥ \Git} . 27 2 2 1‘{ o0n ‘oom
Yosh el S ooco ™™ Yoot foth/ ~ Mot
0/ 7 am @ f - s - h oo, oo ne -
a BP0 5, 13 P oM 9 oo e r ¥ ST
26 (45 ’ o g “J atth 5 =
A i u oy ok bo' / Aboh T vSF - 2
Yy 77 nal A AP vl A &AL K Voo /AN
B ot/ /o r SR gl A AP WP o
e Yy, - s = oo Yone vHpby 00D
S/ /B A/ 28 £ i oo/ /ooy o o g8 s PT3 A A7
L& 4 ‘o N Dy D .
v o ~0pCe A0k 001 +DO0g or 1 EE] 3 lq bl Joowy
Lt e v < T v\ . 5 P A r . S 0060 005 Of;" «Doo0
» . ~ Yok 4, » 4 a7 y DO . 0% N
a7 q eIy b /1 ‘t Yy 57 ot St fties .
S a/ i o £g " »Dom / »55
8 V003 o £y . + O " ) 549
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56 s ) h /2 ok b 4 »otuf O, + " 5a 60 0000 0000
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o & . o A A ", y 0000 . 0000
e/ - X0 res (3 9. 56 (P Y /ot an o 0000
65 A 2o An 9 l o ono Qo Ol A 0000
AL V05 /ioas/ ol focol o (2 R0t/ Aind /
AIY A I - e v 001 Y
v vt L
oG
~Lain
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Dictionary encoding

— Works on any data type
— Minimal-bit keys to encode distinct values

— Compression ratio inversely proportional to
cardinality

o]yseless for PK fields or other unique
e

|ds
— AKA "Hash"
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Run-length encoding

row

Date

2023-01-01

2033-01-01

2023-01-01

2023-01-01

202%-01-01

2023-01-01

2023-02-01

0, ] 6/ / /AR

N e 2ORBION0Y
eod / /iodal /bl / ipd e
0000/ A0000" S »0pb / vbabn /S 2000 S ety oo 00D,
£ ) oy V5
v 2033-91 OF o e
2000 »r.b 40 g4 o0y S
W ‘Lu n.utu 000 w vtt Oty S
16 1 azx ./ /A%

: ,r’aQ“,g,sm-o;' T
neod ool / /o8 o Yoy
000 OF S A00bp vOty AOpty "y ~Tath vOpty /
ay e . q 30 3

2033101 T
acos ‘ouge Q0 i sne s/ /S Ao Aoy’ /
De0 o000 A0p0e S ot S vy S Ity
52 » Va3 %3 91 Oj: /A8 SN/

. - Ll 4 . y ., 4
o008 {009 AL\"DC YOO00 iyl / Y iy g
p0a’ / A0e0 0a00 /20008 /S 20000 S st S S oot ~OF00
G0 V) .oz aogs 91 Ol I a7

oS/ - - VI
aéod / jickad / jiedoe /S Al S by
0/ OO0/ r0ag S ~0a0H 'm’ T I s Dok
s% e .so 20’;%3 Da ﬁ’ / .sv‘ A58

p M / - - . N
adod /G0 r,ﬁ ¢ o (s ot
Loy CEog vopby’ /200t [ #bp08  wph S vl OO0

7 x € bytes = 56 bytes
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Run-length encoding

row

Date

2023-01-01

2033-01-01

2023-01-01

2023-01-01

202%-01-01

2023-01-01

2023-02-01

) ] v6/ A

1 aO@B ‘91—01 :
0604 Vooos Vo6 16 el
0000/ A0 S ~0u00 [/ v0ate /S gtn /et O, w000,
£, ) 0 Y 5
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neod GO0 /S /000 o oy
0O 20008 /S 0000 vOaty 2Oty 1) TNt vOohy
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<0 V9 K 2033 91 O'L 6 g

~ / - -~ : . S/ .
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a0l / iGeg0 m e i oo /
Loy abpdy  bpt bpoy / #t /g vOpty

7 x € bytes = 56 bytes

You know the drill....
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Run-length encoding

row

Date

2023-01-01

2033-01-01

2023-01-01

2023-01-01

203%-01-01

2023-01-01

2023-02-01

. 293300

. o~ .
oo ot >4 O os /i
000/ 0000 o’xo /vt oto R o
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7 x € bytes = 56 bytes

You know the drill....

What is the same?
What is different?

How big is the common part?
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Run-length encoding

row

Date

2023-01-01

2033-01-01

2023-01-01

2023-01-01

202%-01-01

2023-01-01
2023-02-01
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run-le_ngth encoded

Date
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Run-length encoding

— Works on any data type
— Depends entirely on sort order of column

— Compression ratio proportional to the number and length of repeated value runs

o Useless for PK fields or other unique fields

— VertiPaq uses heuristics and tries multiple sort orders for each table
o Table has one sort order, so the optimal sort is very difficult to predict
o Does take into account the sort order of the incoming rows

= May choose a different sort order; table sort order is not configurable,
only influence-able

Slide 52 EI Tabular Editor



One big (small) happy compression family

row

Date

2033-01-01
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10 x € bytes = €0 bytes
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One big (small) happy compression family

row

Date

2033-01-01
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One big (small) happy compression family

row

Date

2033-01-01

202%-01-01
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2023-01-01

2025-01-01
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1% Bytes

Dictionary encoding to minimal bit keys + run-length encoding of the keys
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Recap

— Cardinality is primary determinant of compression ratio
— Larger segments offer better opportunities for high compression ratios

— Primary column size components
o Dictionary
o Data

o Hierarchies

S 5 EI Tabular Editor
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Diagnosing model size

1. Diagnose before you optimize

2. Tools for model-size diagnosis
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Diagnose before you optimize

— Start with evidence, not assumptions

— ldentify the largest tables and columns

— Separate Data, Dictionary, and Hierarchy size

— Look for high-cardinality columns and technical attributes
— Ask whether each expensive column is actually needed

— Measure before and after every change
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Tools for model-size diagnosis

Tabular Editor 3 DAX Studio

— VertiPaqg Analyzer — VertiPag Analyzer

— Table & column size — DMV / metadata inspection

— Cardinality & encoding — Detailed storage statistics

— Data / Dictionary / Hierarchy — Export and deeper analysis

— Inspect and change model metadata — Later: Server Timings & query plans

Use the tool that answers the question you currently have.

Slide 60

Fabric / Power Bl Service

—  Model and SKU memory limits
— Refresh history and failures

— Capacity context

— Capacity Metrics

— Understand the environment around
the model
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Interactive challenge #1

—  Yellow Taxi
— 194.5M fact rows
— 13.5 GiB semantic model
— 66 columns across 8 tables

— F64 capacity

Your model is too large. What do you inspect first?
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Interactive challenge #1

— Upgrade the capacity, or change the model?

A. Upgrade the capacity

B.

Look for the largest tables
Look for the highest-cardinality columns
Check dictionary and hierarchy size

Start deleting columns you think are unnecessary
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Core Reduction Techniques

1. Remove unnecessary data
2. Reduce cardinality

3. Disable unnecessary hierarchies
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Remove unnecessary data

— The simplest and most effective way to lower semantic model
size

— Only include the data required for analysis

— Audit fields, GUIDs, technical identifiers, and rarely used
attributes frequently consume disproportionate memory

Slide 65

EI Tabular Editor



Reduce cardinality

— High-cardinality columns are one of the most common causes of
large semantic models

— Transform the data to limit the number of unique values
— Remove unnecessary precision

— Avoid floating-point types (Double, Single, Float) for values that
require exact precision, especially financial amounts. Use Fixed
Decimal (Currency) where appropriate and Integers for
identifiers and counts

— Splitting a DateTime column into separate Date and Time
columns is often beneficial
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Disable unnecessary hierarchies

— An attribute hierarchy is a piece of metadata that allows certain

client tools (most notably Excel Pivot tables) to browse and
interact with that column

— Disable it for surrogate keys, technical identifiers, GUIDs, and
columns used only inside DAX measures

— The setting is called IsAvailableInMDX and defaults to true.
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Measure the result

— Recalculate model size after each change

— Compare before vs. after

— ldentify which change delivered the biggest gain
— Check whether query performance also changed
— Validate that functionality was not lost

— Keep the trade-off visible

Optimize the biggest contributors first — then measure what you gained.
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Strategic Detail Isolation

1. Remove historic details
2. Shadow table with aggregation mapping

3. Hybrid Storage Patterns
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Remove historic details

— Removing high-cardinality columns is ALWAYS the first choice

— Cannot remove the column?
— Then, only include data in the column for the last year?

— This most likely limits the cardinality
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User-defined aggregations

— Sometimes you cannot remove or reduce high-cardinality detail SHARED DIMEMSIONS (DUAL WODE)

@& Date 82 Customer @ Region

columns

B Import — VertiPaq & DirectQuery — source

— User-defined aggregations let you split a fact table into two

Customer Key Region Key Year Amount Customer ..  Region Key Year Amount

logical layers. A smaller, aggregated Import table that handles we o= T
most reporting queries, and a detailed DirectQuery table that o = = ne s RS-
retains the high-cardinality columns you can't afford to import = -

— The detailed DirectQuery table still exists, but it does not
consume VertiPag memory
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User-defined aggregations

SHARED DIMENSIONS (DUAL MODE)

< DirectQuery — source

DETAIL FACT TABLE

Region Key
SE
SE
SE
NO
DK

Date 82 Customer € Region
B Import — VertiPaq
AGGREGATED FACT TABLE (HIDDEN)
i Customer Key Region Key Year Amount ‘ i Customer ...
1042 SE 2024 1.4M 1042
1042 SE 2025 2.1M 1042
2187 NO 2024 896K 1042
2187 NO 2025 1.1M 2187
3901 DK 2024 720K 3901
§ .. ~O6K rows L

Handles 80-90% of queries at in-memory speed

{> SUM, COUNT — Import cache

Slide 73

Year
2024
2024
2024
2024
2024

o ~16.9M rows

—

4,200
1,850
12,400
3,100

8,750

P-00482910
P-00482911
P-00482912
P-00519738

P-00601244

Only queried for drillthrough — zero VertiPag memory

o Payment ID — DirectQuery
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When not to import everything

— Detail is required — but only occasionally

— High-cardinality columns dominate model size

— Historical detail is rarely queried

— Dirill-through needs detail that summary reporting does not
— Most queries can be answered from an aggregated layer

— The analytical value of the detail does not justify its in-memory cost

Keep the common path fast. Isolate the expensive path.
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Interactive challenge #2

— You've just seen these techniques applied to Yellow Taxi. Now
let's see if you can spot the same opportunities in a completely
different model.

—  What would you

— Remove?
— Aggregate?

— orisolate?
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Recap: Make the model smaller

Optimize the biggest contributors first — then measure what you gained.
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A smaller model can still fail during refresh

BREAK
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The model fits. The refresh doesn't.

Make the Model
Process Reliably
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Diagnose Processing & Peak Memory

1. Why full refresh doubles memory

2. Steady state vs processing peak
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VertiPaqg has segments

Units of compression Units of processing Units of query paralellism
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Under (RAM, parallelism) pressure

RAM hogs

— Value encoding and dictionary
encoding both require holding in
RAM all Unique values being =
compressed. This is very expensive.

— Sort order sampling requires a huge
amount ofRAI\ﬁ). 919 J
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Under (RAM, parallelism) pressure

RAM hogs So, VertiPaqg has segments

- \e/glcuoedienng%%ltnhgrgaﬁiEjelcﬁlcag?r% - — Subset of a column’s values (fixed
RAM all unique values being . number of rows)
compressed. This is very expensive.

— Sort order saml\ﬁ)ling requires a huge

amount of RA — Partitions have >=1 segments
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Under (RAM) pressure

RAM hogs

— Value encoding and dictionary
encoding both require holding in
RAM all Unique values being =
compressed. This is very expensive.

— Sort order sampling requires a huge
amount ofRAI\)ID. s 2

— Querying a single, monolithic object,

is not readily parallelizable.

Slide 84

So, VertiPaq has segments

— Subset of a column’s values (fixed
number of rows)

— Unit of processing (refresh)

— Unit of parallelism for queries

— Partitions have >=1 segments
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Segments

Units of compression Units of processing Units of parallelism

— Dictionary bit keys per
segment

o Dictionary bit keys
may point to
different encoded
values in different
segments

— Each segment s
compressed independently
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Segments

Units of compression Units of processing Units of parallelism

— First segment may be up to 2x
DefaultSegmentRowCount

— Begin reading rows from source (for all
columns)

— When we hit configured row count
o Begin compressing segment
o Begin reading rows for next segment

o If first segment, split and begin
compressing 2 segments

— Greater compression with larger segments,
but also greater processing time
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Tabular has partitions

— Again, VertiPag has segments

— Partitions are a unit of operational management
— Separate logical query for each partition
— Separate storage mode per partition

— What you manage with XMLA commands and APls

— VertiPaq is ignorant of Tabular partitions, but segments cannot span
partitions

— You can never really touch or control a segment. Partitions are what you
define and manage
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Things you can do with

Segments

— Look at them
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Things you can do with

Segments

— Look at them

— Set maximum size per segment with DefaultSegmentRowCount

— 8 million default: SSAS, AAS, Large storage format
PPU/Premium/Fabric

— 1 million default: Power Bl Desktop, Pro, small
storage format

— Tunable available in: SSAS, AAS
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Things you can do with

Segments

— Look at them

— Set maximum size per segment with DefaultSegmentRowCount

Slide 91

— 8 million default: SSAS, AAS, Large storage format
PPU/Premium/Fabric

— 1 million default: Power Bl Desktop, Pro, small
storage format

— Tunable available in: SSAS, AAS

Partitions

-  Edit
— Create
— Update

— Delete

— Operate

— Process (refresh)
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Things you can do with

Segments

— Look at them

— Set maximum size per segment with DefaultSegmentRowCount

Slide 92

— 8 million default: SSAS, AAS, Large storage format
PPU/Premium/Fabric

— 1 million default: Power Bl Desktop, Pro, small
storage format

— Tunable available in: SSAS, AAS

Partitions

Edit
— Create
— Update

— Delete

Operate

— Process (refresh)

Mess up segments: too-narrow filter predicates yield more
segments (no segment may span partition bounds)
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Refresh timeline and memory

— Refreshing requires that we create new versions of all
partitions being refreshed

—  While partitions are processing, we still need to serve queries

to users

EI Tabular Editor
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Refresh timeline and memory

— Refreshing requires that we create new versions of all
partitions being refreshed

—  While partitions are processing, we still need to serve queries
to users
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ﬁjé Why does refresh consume more memory than just model size?

Refresh Refresh

Start Refresh End

User >
queries - !

model

N
. 4
Time
Bglqo refresh, the During refresh, .the ox:stmg modgl remains. After refresh. the s
existing model and Users may continue querying during refresh.
- ; replaces the old one. User
user queries are the But a parallel copy of the mode! Joads, which b Bt e o "
only contributors to also has some additional processing overhead ?

memaory
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Partition strategies

1. Partitioning

2. Incremental refresh
3. Custom partitions
4. Hybrid tables

5. Choose your partition strategy

Slide 96
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Partitioning

— N partitions in a table

— Separate query per partition

— Separate storage mode per partition

— Partitions can be processed / refreshed individually

— Processing a partition requires extra RAM only in proportion to the size of the
partition(s) being processed

o RAM benefits accrue only with orchestration to refresh less than the
whole model at once
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Storage modes

Import

Most stable

Full DAX and TOM feature coverage
Best performance in most scenarios
Bound by RAM

Requires refresh orchestration

Slide 98

DirectQuery

Direct Lake

EI Tabular Editor



Storage modes

Import

Most stable

Full DAX and TOM feature coverage
Best performance in most scenarios
Bound by RAM

Requires refresh orchestration
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DirectQuery

- DAX->SQL

— With limitations

— Worse in nearly every performance
metric than alternatives

— Bound by back-end storage+compute

— Every query sees latest data in back-end

(does not have a space in its name)

Direct Lake
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Storage modes

Import

Most stable

Full DAX and TOM feature coverage
Best performance in most scenarios
Bound by RAM

Requires refresh orchestration
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DirectQuery

- DAX->SQL

— With limitations

— Worse in nearly every performance
metric than alternatives

— Bound by back-end storage+compute

— Every query sees latest data in back-end

(does not have a space in its name)

Direct Lake

— Parquet -> VertiPaq with no
optimization

— Bound by RAM

— Amortizes refresh + data processing
across many queries

— Most complex orchestration and
operational management

(does have a space in its name)
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Incremental Refresh

— Power Bl feature

— Policy-based on time ranges

— Automatically drops too-old partitions
— All import

— Good enough for many scenarios

— Partition queries must be evaluable against source without reading
all data

— Usually this means folding to SQL
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Custom partitions

— Create partitions with a tool other than PBI Desktop (Tabular Editor
2 or 3 or CLI, Visual Studio, editing TMSL/TMDL, XMLA commands

to create partitions)
— Any query separation you would like
— Requires your own orchestration

— Gives much more control, e.g.:
— Different back-end for each partition

— Any retention policy for old partitions
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Hybrid tables

— Power Bl feature:

o Incremental refresh for old data

o DirectQuery for the latest partition

— Custom

o Any partition can be DQ and any can be import

o E.g., DirectQuery for archival data, and import for latest data
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Interactive discussion #3

— How would you partition; what would you want to know
about the data for

— Decades of history
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Interactive discussion #3

— How would you partition; what would you want to know
about the data for

— Decades of history

— Immutable previous months, daily data
current month
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Interactive discussion #3

How would you partition; what would you want to know
about the data for

— Decades of history

— Immutable previous months, daily data
current month

— Immutable previous months, streaming data
for current month
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Interactive discussion #3

— How would you partition; what would you want to know
about the data for

— Decades of history

— Immutable previous months, daily data
current month

— Immutable previous months, streaming data
for current month

— Maximum refresh window: 20 minutes
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Recap

— Incremental refresh — predictable time-based history
— Custom partitions — full control

— Hybrid tables — combine Import and DirectQuery

— Partition size affects both processing and maintenance

— More partitions are not automatically better
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Direct Lake

1. Direct Lake changes where the work happens

2. Transcoding and reframing

3. Row groups, V-Order, OPTIMIZE

4. Direct Lake is not a free lunch

_I Tabular Editor
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Direct Lake

— Loads data into VertiPag engine in-memory
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Direct Lake

— Loads data into VertiPag engine in-memory
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Direct Lake

—Loads data into VertiPag engine in-memory
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Direct Lake

—Loads data into VertiPag

engine in-memory
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Transcoding

— Loads data into the VertiPag engine in-memory

— Name for the process by which one column is converted quickly from Parquet compressed columnar storage format
into VertiPag

o Skips VertiPaq optimization: V-Order applies the sort optimization to Parquet

o Inherits row-groups as segments
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Direct Lake - Transcoding

Parquet Vertipaq
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Reframing - Swapping in and out of memory

— The word for refreshing a Direct Lake model: pointing it to a new snapshot
o Evicts updated columns from memory

o Clears VertiPaqg caches

— It's nothing new. Dataset evictions and dynamic memory management is a core concept when we moved to the
architecture behind Power Bl Premium Gen2

— Only works on the exact schema from Direct Lake: anything you might do in Power Query for an Import model must
be done elsewhere
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Direct Lake changes where the work happens

Processing shifts from refresh time

Refresh loads data into VertiPaq Data is transcoded on demand :
towards query/runtime
Power Query can shape the data ~ Model expects lake schema Transformations move upstream
VertiPaqg decides Row groups come from
) : Upstream layout matters more
compression/sort behavior Parquet/Delta

Reframing points to a new

Refresh replaces model data Refresh semantics change

snapshot
Model optimization happens Optimization spans lake + o
P 1P pHmiz ¥ Responsibility moves upstream
mostly in the semantic layer semantic model

Direct Lake does not remove optimization — it moves part of it upstream.
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Row groups, V-Order, OPTIMIZE

— Skips VertiPaq optimization: V-Order applies the sort optimization to Parquet
o Must write Parquet with Fabric-native components or post-process external Parquet

o Still pay the compute for this V-Ordering; just amortize or shift when that compute happens

— Inherits row-groups as segments
o Frequent-write and update-heavy patterns can yield an explosion of small segments

o Requires OPTIMIZE and table maintenance
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Direct Lake is not a free lunch

« Generally: a way to shift compute and refresh resources around

* Not magic

« Testing benefits are complex: requires deep understanding of data write and access patterns

« Think of it as an arbitrage opportunity for compute costs, not as a way to eliminate data maintenance

« Think of it as a way to potentially optimize refresh and potentially not
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Direct Lake is not a free lunch

What you gain

* No traditional Import refresh

« Faster data availability through reframing
* Less refresh orchestration

* Potentially lower processing pressure

You're shifting cost — not eliminating it.
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What you still pay for

Semantic model memory
Transcoding

Poor file and row-group layout
OPTIMIZE and table maintenance

Upstream engineering complexity
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Refresh Scale-Out

1. The Hidden Gem

2. How scale-out works
3. When to use it

4. What problem it solves

5. Why it's not magic
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Refresh Scale-Out

— Officially known as Query scale-out, and has been available in Azure Analysis Services for as long as | can remember

— Consists of a processing node and multiple read-only query nodes, and is a feature for Semantic Models that are

consumed by a large audience
— Can also be used to optimize memory while refreshing, as refresh and queries are separated on different nodes

— This allows doing a full refresh nearly to the memory limit, as you can Process Clear, followed by a Full Process, and

then a Sync

— The individual semantic model replicas do not count against the max memory limitation per semantic model, and
customers are not charged for the additional memory consumption of the semantic model replicas.
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Normal Architecture

- Reports
—
=
Semantic Model
Read / Write HH Excel / Tools
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Refresh Scale-Out Architecture

— Reports
— £
—
-— Sync J
Refresh Node Query Node(s)
Read / Write Read-Only Replicas HH Excel / Tools
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Configure Refresh Scale-Out

— By default, it is enabled on the tenant level

4 Scale out queries for large semantic models
Enabled for the entire organization

For semantic models that use the large semantic model storage format, Power BI
Premium can automatically distribute queries across additional semantic model replicas
when query volume is high.

O Enabled

— Change the “maxReadOnlyReplicas” on the semantic model level from the default value of 0

4 Query scale-out
Isolate refresh operations from query processing and automatically distribute queries across multiple replicas when query volume is high.

@ on
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Refresh Scale-Out Process

Oprs

Clear
Enable Scale-Out clearValues
Disable auto sync Clear semantic model
Q Replicas aligned ’ Synchronize replicas
@ Verify @

Verify Alignment Trigger Sync
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o -

Build
Full Refresh
Rebuild the model
Observe
a Replicas diverged
A
Out-of-Sync
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When scale-out helps, and when it doesn’t

Good fit

— Heavy report/query concurrency

— Refresh and user queries compete for resources

— Processing needs to be isolated from consumers
— Large refreshes approach the model memory limit

— You can control when replicas synchronize

Optimize first. Scale second.
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Not a fix for

— An oversized semantic model

— Inefficient partition or refresh design
—  Slow DAX or poor model design

— Low query concurrency

— Avoiding proper capacity planning
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Small models can still be slow

Make the Model
Query Efficiently
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Diagnose query performance

1. Where does query time go?
2. Storage Engine vs Formula Engine
3. Diagnosing a slow query

4. DEMO: DAX Studio
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Where does query time JO (when it's not around here)?

Engines Specific things that can happen

— Storage Engine: very parallel, very fast, very primitive — Callbacks: SE query that depends on FE results

— Data scanning: direct operations on segments

— Materialization: intermediate results stored in RAM to compute a

— Relationship propagation later result

— Basic aggregations

— Formula engine: single threaded — Virtual relationships: skipping the VertiPaq relationship index

— Advanced logic, conditionals
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VertiPaqg has segments

Units of compression Units of processing Units of query paralellism
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VertiPaqg has segments

Units of query paralellism

— VertiPaq queries are parallel based on the number
segments

— Query hitting one segment = 1 thread = no
parallelism

— Because queries are distributed across cores, each
segment’s subquery yields a partial result

— All partial results must be combined - single
threaded, final task of a query

— Too many segments create overhead

— Perfect query: 1 segment per CPU core
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VertiPaqg has segments

Units of query paralellism

— VertiPaq queries are parallel based on the number

segments
segment 1 —_— core 1 o
— Query hitting one segment = 1 thread = no
parallelism
— Because queries are distributed across cores, each
Segment &7 ) ———=> | sore 2 combing partial results segment’s subquery yields a partial result

(single thread)

— All partial results must be combined - single

threaded, final task of a query

segment 3 _— T core 3

— Too many segments create overhead

— Perfect query: 1 segment per CPU core

Slide 136 El Tabular Editor



Segment elimination

— Similar to partition elimination in RDBMSes
1. Compare segment metadata to query filters

2. ldentify segments holding no useful data

3. Skip them

— Another benefit of the sorting that VertiPaq does
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Segment elimination

Similar to partition elimination in RDBMSes
1. Compare segment metadata to query filters

2. ldentify segments holding no useful data

3. Skip them

Another benefit of the sorting that VertiPaq does
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Basic query flow

storage_ engine formula e,ngine_
segment 1
sef,men‘t 3
m’teﬁalizep{ A
segment 3 WIS 7, — s-ngle thread —= result
segmen‘t o
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Callback data flow

segment 1
. 'i
) m:;::i cesults : —= FE (SMgle thread)
i
|
segmert 3

Seqment 1
segment 2 | ':t;h:;::?; ks e FE (single thread) —=> result
segment 3
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Relationship problems?

fact (lo?coxl) dim (lo?cal)
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Relationship problems?
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Relationship problems?

fact (losical)
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Relationships take work
(also life advice)

fact (ogical) dim Uogicald
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Model design and query
performance

1. Model design affects query performance
2. Relationships are not free

3. DAX patterns that hurt

J Tabular Editor
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Wrap-up

Model too large

Detail too expensive

Refresh fails

Refresh competes with users
Direct Lake performs poorly

Queries are slow
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Reduce columns/cardinality
Aggregations / isolation
Partitions / incremental
Scale-out

Optimize upstream layout

Model + DAX optimization

Less detail

Complexity / DQ latency
Orchestration
Complexity / capacity
Data engineering work

Development effort
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End-to-End Optimization Steps

* What is * Remove * Partition * Inspect
consuming unused e Incremental Server
memory? columns refresh Timings

* What causes * Reduce « Consider « Simplify
refresh cardinality hybrid / relationships
peak? * Disable Direct Lake where

« Which unnecessary S Radluies possible
queries are hierarchies peak * Optimize
slow? * Isolate processing expensive

* What should expensive memory DAX
we fix first? detail e Re-measure * Re-measure

* Re-measure

Performance is not something you fix at the end. It's something you design for.
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— Building a Fabric Lab for Semantic Model Memory Experiments (justb.dk/blog)
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https://tabulareditor.com/blog/optimizing-semantic-model-memory-in-fabric
https://tabulareditor.com/blog/optimizing-semantic-model-memory-in-fabric
https://daxstudio.org/docs/videos/
https://daxstudio.org/docs/videos/
https://justb.dk/blog/2026/02/building-a-fabric-lab-for-semantic-model-memory-experiments-with-help-from-chatgpt/
https://justb.dk/blog/2026/02/building-a-fabric-lab-for-semantic-model-memory-experiments-with-help-from-chatgpt/

Loved it? Learned
something? Tell us!
Share your feedback
in just 1 minute
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