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“Our scientific large-scale simulations can generate hundreds of petabytes of highly
dimensional floating-point data ... But the data associated with a scientific feature of
interest can be orders of magnitude smaller than the written data, so a key challenge is
quickly and efficiently finding what’s relevant in this sea of data. To optimize this process,
we’ve been drawn towards computational storage — processing data in-place and near
storage — to eliminate unnecessary data movement while maintaining parallelism and

adequate data protection.”
— Gary Grider, High Performance Computing division leader
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Computational Storage?

Erik Riedel’s
Ph.D. Dissertation 1999:

LA SERI AR
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Active Disks —
Remote Execution for Network-Attached
Storage
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Why didn’t it take oft?
How we can put it to work.
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In part: How storage protects data

RAID 5

striping with parity across drives

drive 4

Data striped across
multiple disks as data DATA
disks and parity disks

Data Data Data Data Data E™OdING pagh,  padty  Parity
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Data reliably placed |n storaqe First 4 devices shown..

1 155190 7706 1 21168.23 002N O 3/13/96  2/12/96  3/22/96 DELIVER_IN_PERSON TRUCK egular_courts_above_the
1 67310 7311 2 36 45983.16 009 0.06 N o] 4/12/96  2/28/96  4/20/96 TAKE_BACK_RETURN MAIL ly_final_dependencies:_slyly bold
. 1 63700 3701 3 8 133096 01 0.02N o] 1/29/96 3/5/96  1/31/96 TAKE_BACK_RETURN REG_AIR riously._regular|_express_dep
S | m ple Table - 1 2132 4633 4 28 2895564 0.09 0.06 N 0 4/21/96  3/30/96  5/16/96 NONE AIR lites._fluffily_even_de
1 24027 1534 5 24  22824.48 0.1 004 N o] 3/30/96 3/14/96 4/1/96 NONE FOB _pending_foxes._slyly re
1 15635 638 6 32 4962016 0.07 0.02 N o] 1/30/96 2/7/96 2/3/96 DELIVER_IN_PERSON MAIL arefully_slyly_ex
# 1 2 106170 1191 1 38 44694.46 0 005N o] 1/28/97  1/14/97 2/2/97 TAKE_BACK_RETURN RAIL ven_requests._deposits_breach_a
—
o (4
(] (o
_

Bytes of data divided evenly across SSDs!

@ @\ Data protection and streaming performance! SSD
o 0 ©

Supports data protection algorithms designed for HDD!
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Byte-level partitions precludes analytics

1 155190 7706 1 21168.23 0.02 N 0 3/13/96 2;’12;’96‘ 3/22/96 DELIVER_IN_PERSON TRUCK egular_courts_above_the
1 67310 7311 2 36 4598316 0.09 0.06 N o} 4/12/96  2/28/96  4/20/96 TAKE_BACK RETURN MAIL Iy final_dependencies: slyly_bold_
. / 1 63700 3701 3 8 133096 01 002N o} 1/29/96  3/5/96  1/31/96 TAKE_BAZK_RETURN REG_AIR riously. regular|_express_dep
S|mp|e Tab|e: 12132 4633 4 28 2895564 0.09 006N O 4/21/96  3/30/96 AIR lites._fluffily_even_de
1 24027 1534 5 2 2282448 0 3/30/96  3/14/96 , FOB _pending_foxes._slyly_re
1 15635 638 6 32 49620. (0] 1/30/96 2/3/96 BELIVER_IN_PERSON MAIL arefully_slyly_ex
# 1 2 106170 1191 1 38 0 1/28/97 1/1 TAKE_BACK_RETURN RAIL ven_requests._deposits_breach_a
L) ("]
1,155190,7706,1,17,21168.23,0°04,0.02,N,0,1995-83-13
SSD ,1996-02-12,1996-03-22,DELTVER_IN_PERSON, TRUCK\ edula #2
r_courts_above_the, 7310,7311,2,36,45983.16,09.

Cla © ) d.06,N,0,1996-04-1271996-02-28,1996-04-20, TAKE_BAC Or———0
ETURN,MAIL,ly_final_dependencieS>~slyly_bold_, 1,43
700,3701,3,8,13309.60,0.10,0.02,N,0,1996-01-29,1994- SSD

#3 03-05,1996-01-31, TAKE_BACK_RETURN,REG_AIR, ri .

——— egular|_express_dep, 1,2132,4633,4,28,28955.64,0. () ©

° o - - . — - . e . . N—

0.06,N,0,1996-04-21,1996-03-30,1996-05-16,NONE ,AIR, 1
SSD ites._fluffily_even_de, 1,24027,1534,5,24,22824.48,0
.10,0.04,N,0,1996-03-30,1996-03-14,1996-04-01,NONE, F
(e ) [« OB, _pending_foxes._slyly_re, 1,15635,638,6,32,49620.
Bytes of data divided evenly across SSDs!
o O
. . 16,0.07,0.02,N,0,1996-01-30,1996-02-07,1996-02-03,D
@ Data protection and streaming performance! LIVER_IN_PERSON,MAIL,arefully_slyly_ex, 2,106170,11 SSD
1,1,38,44694.46,0.00,0.05,N,0,1997-01-28,1997-01-14
0 1997-02-02, TAKE_BACK_RETURN,RAIL,ven_requests._depo O_ ©

HDD-centric RAID/Erasure Coding prevent in-storage analytics
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Challenge: Array based data formats

%y Parquet netCDF4 /= 4~ 5
ICEBERG (Y

temperature pressure  elevation land_cover Indexes

align data
3 b
latitude
longitude
/ time
S o,
7
' E 48
Data variables Coordinates
used for computation describe data
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Branches are hard, complex data structures more complex
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Let’s take Occam’s Razor to the Gordian’s Knot
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Step 1: Preserve structure of the data

11 | ©2024 SNIA. All Rights Reserved.

U.S. Patent Jun. 6, 2023 Sheet 3 of 11 US 11,669,505 B2
T U.S. Patent Jun. 6,2023 Sheet 4 of 11 US 11,669,505 B2
. ’ ,—160b
First Row /1603 Ob]e Ct S 4-Byte Magic Number "PAR1"
310 Row-Group 1 -— 410
..... Row-Group 2 -~
~ FI [ F2 | F3 [ F4 | <NewLine> f350a m etadata /
2 #HE s ### | <NewLine>
Scan 3 | #k | wee | ## | <NewLine> | largel Row-Group N
Direction "4 |7 | ## | ## | <NewLine> | Size 320 Faoter <420
S | # | W | # | <Newline> File Metadata (for all Row
e e o fovence ] | _ FiG. 48
< Bound
a2z nternal
e e D
8 | e | w | ## | <NewLine> metadata
FIG. 3A
4-Byte Magic Number ‘PART"
Row-Group 1 ‘,-470—1
ISTOa - M::°:r(fo - 4-Byte Magic Number ‘PART"
e aaal r Kow
Row-Group N 70-N
F1 F2 F3 F4 <NewLine> First Row ow-Group ',-‘4
N T I P
M1 RN A
4 HHH HHHE #H | <NewLine> -
SRR
AR AR A
e &Ot to scale! 4-Byte Magic Number ‘PAR1"
. Row-Group 2
Meta-data typically °: — #4702 4 4T0-N#1)
ooter
e <0.1% of data W Footer
7 | w | e | ### | <NewLine> First Row 310 Length of File Metadata SIps)
o | | waw | ww | Newtine-
FIG. 3B

FIG. 4B
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Step 2: Data path ONLY, no Control Path!

. In-device processing
- Straightforward to implement & utilize
- Minimal to NO cost difference or design complexity

rl
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CHECK & FETCH
User-level Datapath APls

}7 Length -==>
Starting LBA_1 End point
_____ | 442 AN
I_Offs t 446 User data 448 User data 450 eee | Userdata 452
e AN
1 N
/' K Flash page | l\ Flash page \\ I\ Flash page

e 401 402 AN 410

1 1
elements 424 : : ! : !

|]\I||| ||||||IkL|JJLLLLLLLQ_LLLLQII]IEI¥"°
Bitmap 426 428 430 432 434 436 438

Patent pending
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%y Parquet
SELECT

SELECT
lo_custkey,
lo_orderdate,
lo_partkey,
lo_revenue,
lo_suppkey,
lo_supplycost

FROM
s30bject

WHERE

(lo_quantity BETWEEN 11 AND 20)
AND (lo_orderdate <= 20210116);

Retrieve required columns
. ~MB per column

Process Data in CPU

<0.1% for many queries!

f AAApL A
° J—
1NVIMe
‘ : ‘
Lo Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo Lo 0
ORDERKEY LINENUMBER CUSTKEY PARTKEY SUPPKEY ORDERDATE ORDERPRIORITY SHIPPRIORITY QUANTITY EXTENDEDPRICE ORDTOTALPRICE DISCOUNT REVENUE SUPPLYCOST TAX COMMITDATE SHIPMODE
685 5 68 341 349 1/1/21 3-MEDIUM 2 34 2128.74 11861.44 0.04 996863 399522 01 2/1/21 TRUCK
560 5 a79 510 942 1/2/21 2-HIGH 2 18 348281 13217.61 0.05 2074827 375225 0.05 2/2/21 SHIP
630 7 772 515 283 1/3/21 5-LOW 4 30 6794.8 B8005.41 0.03 3751642 769496 0.12 2/3/21 RAIL
193 5 235 70 587 1/4/21 5-LOW 2 13 8804.42 19985.63 0.08 2681847 348845 0.15 2/4/21 RAIL
836 5 717 358 821 1/5/21 5-LOW 2 47 5482.41 7102.67 0.08 24896.14 674453 0.05 2/5/21 AR
764 4 999 909 434 1/6/21 1-URGENT 3 33 2898.73 14455.99 0.09 102675 54146 0.12 2/6/21 AIR
708 5 292 557 220 1/7/21 1-URGENT 0 35 39933 127879 0 2184468 5107.17 0.13 2/7/21 SHIP
360 5 727 886 820 1/8/21 3-MEDIUM 4 24 7132.33 16279.77 0.09 411413 906104 0.19 2/8/21 MAIL
10 9 702 766 740 1/9/21 1-URGENT 2 26 178.05 19526.89 0.04 1120441 5769.13 0.16 2/9/21 AR
724 5 710 323 874 1/10/21 4-NOT SPECIFIED 0 47 3789.52 17806.89 0.09 46687.3 8355.19 0.17 2/10/21 AR
278 4 728 624 787 1/11/21 4-NOT SPECIFIED 0 44 5352.32. 15314.78 0.07 1155451 739295 01 2/11/21 SHIP
755 8 556 92 374 1/12/21 5-LOW 2 42 9228.9 13995.14 0.1 4305854 86629 0.04 2/12/21 AR
B80S 6 33 342 291 1/13/21 2-HIGH 3 a7 986 6776.41 0.08 4034178 784455 02 2/13/21 SHIP
600 6 12 424 564 1/14/21 5-LOW 1 1 4118.83 3038.94 0.04 879817 256027 0.03 2/14/21 REG AIR
7 1 617 552 671 1/15/21 4-NOT SPECIFIED 3 13 340.7 1346.46 0.05 30679.89 907992 0.09 2/15/21 SHIP
473 2 213 972 438 1/16/21 4-NOT SPECIFIED 2 10 3491.85 4913.84 0.04 666743 907.78 0.01 2/16/21 AR
601 6 139 663 827 1/17/21 4-NOT SPECIFIED 4 19 6260.09 8702.4 0.04 36666.52 3664.18 0.19 2/17/21 MAIL
397 4 695 415 940 1/18/21 5-LOW 1 5 2862.77 10487.73 0.03 3223565 144746 0.19 2/18/21 TRUCK
315 1 422 658 824 1/19/21 3-MEDIUM 1 8 2176.52 15484.36 0.05 4078499 5018.1 0.14 2/19/21 TRUCK
706 13 638 711 509 1/20/21 2-HIGH 2 4 1245.46 19178.94 0.07 2448984 829021 0.07 2/20/21 SHIP
487 1 669 968 787 1/21/21 3-MEDIUM 2 49 5813.69 2434.68 0.03 4582829 333278 0.05 2/21/21 MAIL
552 2 624 275 942 1/22/21 3-MEDIUM 4 13 6983.17 222938 0.05 34181 193388 0.05 2/22/21 TRUCK
a8 3 489 861 856 1/23/21 2-HIGH 3 38 6752.38 11834.92 0.01 1535154 363754 0.03 2/23/21 MAIL
175 5 771 44 450 1/24/21 4-NOT SPECIFIED 4 46 9493.72 14933.42 0.02 36037.58 823186 0.11 2/24/21 TRUCK
601 3 540 B4 327 1/25/21 4-NOT SPECIFIED 2 49 126.76 16978.19 0 2148735 183365 0.03 2/25/21 AR
850 1 980 434 491 1/26/21 5-LOW 4 46 6507.25 18723.06 01 947462 265994 0.06 2/26/21 REG AIR r
678 4 218 810 54 1/27/21 5-LOW 2 19 65043.88 19670.18 0 625333 115409 0.13 2/27/21 REG AIR -<
538 3 664 94 817 1/28/21 3-MEDIUM 1 8 5928.52 B056.05 002 4104962 720425 0.15 2/28/21 AR —_— C O M P U T E, M E M O RY,
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%y Parquet

SELECT ith CHECK-FETCH

- Perform basic filtering in device
- Scratchpad can eliminate returning
intermediate results

SELECT
lo_custkey,
lo_orderdate,
lo_partkey,
lo_revenue,
lo_suppkey,
lo_supplycost

FROM
s30bject

WHERE

(lo_quantity BETWEEN 11 AND 20)
AND (lo_orderdate <= 20210116);

Retrieve required columns
. ~MB per column

Process Data in CPU

<0.1% for many queries!

f AAApL A
° ————
1NVIMe
‘ : ‘

Lo_ L0 Lo_ 1o_ Lo_ Lo L0_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ L0 0. Lo o Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ Lo_ 0_ Lo_ Lo Lo_

ORDERKEY LINENUMBER CUSTKEY PARTKEY SUPPKEY ORDERDATE ORDERPRIORITY SHIPPRIORITY QUANTITY EXTENDEDPRICE ORDTOTALPRICE DISCOUNT REVENUE SUPPLYCOST TAX COMMITDATE SHIPMODE ORDERKEY LINENUMBER CUSTKEY PARTKEY SUPPKEY ORDERDATE ORDERPRIORITY SHIPPRIORITY QUANTITY EXTENDEDPRICE ORDTOTALPRICE DISCOUNT REVENUE SUPPLYCOST TAX COMMITDATE SHIPMODE
685 5 68 341 349 1/1/21 3-MEDIUM 2 34 212874 11861.44 004 996363 399522 0.1 2/1/21 TRUCK 685 5 o8 341 349 1/1/21 3-MEDIUM 2 34 212874 1186144 004 996863 399522 0.1 2/1/21 TRUCK
560 5 979 510 942 1/2/21 2-HIGH 2 18 3482.81 1321761 005 2074827 375225 0.05 2/2/21 SHIP 560 5 979 510 942 1/2/21 2-HIGH 2 18 3482.81 13217.61 005 2074827 3752.25 0.05 2/2/21 SHIP
630 7 72 515 283 1/3/21 5-LOW 4 30 6794.8 8005.41 003 3751642 769496 0.12 2/3/21 RAIL 630 7 72 515 283 1/3/21 5-LowW 4 30 6794.8 8005.41 003 3751642 7694.96 0.12 2/3/21 RAIL
193 5 235 70 587 1/4/21 5-LOW 2 13 8804.42 19985.63 008 2681847 348845 0.15 2/4/21 RAIL 193 s 235 70 587 1/4/21 5-LOW 2 13 8804.42 19985.63 0.08 26818.47 348845 0.15 2/4/21 RAIL
836 5 77 358 821 1/5/21 5-LOW 2 a7 5482.41 7102.67 008 2489614 674453 0.05 2/5/21 AIR 236 5 n7 358 821 1/5/21 5-LOW 2 a7 5482.41 7102.67 008 24896.14 674453 0.05 2/5/21 AIR
764 4 999 909 434, 1/6/21 1-URGENT 3 3 289873 14455.99 009 102675 54146 0.12 2/6/21 AIR 764 4 999 909 434 1/6/21 1-URGENT 3 33 289873 14455.99 009 102675 54146 012 2/6/21 AIR
708 5 292 557 220 1/7/21 1-URGENT 0 35 399.33. 127879 0 2184468 510717 0.3 2/7f21 SHIP 708 5 292 557 220 1/7/21 1-URGENT 0 35 399.33 12787.9 0 2184468  5107.17 013 2/7/21 SHIP
360 5 727 286 820 1/8/21 3-MEDIUM a 24 713233 16279.77 009 411413 906104 0.9 2/8/21 MAIL 360 5 727 836 820 1/8/21 3-MEDIUM 4 24 7132.33 16279.77 009 411413 906104 019 2/8/21 MAIL
10 E) 702 766 74D, 1/9/21 1-URGENT 2 26 178,05 18526.89 004 1120441 576913 0.16 2/9/21 AIR 10 9 702 766 740 1/9/21 1-URGENT 2 26 178.05 19526.89 004 1120441 576913 016 2/9/21 AR
724 5 710 323 874 1/10/21 4-NOT SPECIFIED 0 a7 3789.52 17806.89 009 46687.3 835519 0.17 2/10/21 AR 724 5 710 323 874 1/10/21 4-NOT SPECIFIED 0 a7 3789.52 17806.89 009 466873 835519 017 2/10/21 AR
278 4 728 624 787 1/11/21 4-NOT SPECIFIED [ a4 535232 15314.78 007 1155451 739295 0.1 2/11/21 SHIP 278 4 728 624 787 1/11/21 4-NOT SPECIFIED 0 a 535232 15314.78 007 1155451 739295 0.1 2/11/21 SHIP
755 8 556 92 374 1/12/21 5-loW 2 a2 92289 13995.14 0.1 4305854 86629 0.04 2/12/21 AR 755 8 556 92 373 1/12/21 5-lOW 2 a2 92289 13995.14 0.1 43058.54 86629 0.04 2/12/21 AR
805, 6 33 342 291 1/13/21 2-HIGH 3 a7 986, 6776.41 008 4034178 784455 0.2 2/13/21 SHIP 205 & 33 342 291 1/13/21 2-HIGH 3 a7 986 £776.41 0.08 4034178 784455 0.2 2/13/21 SHIP
600 6 12 424 564 1/14/21 5.L0W 1 1 4118.83 3038.94 004 879817 256027 0.03 2/14/21 REG AIR 600 & 12 a2 564 1/14/21 5-L0W 1 1 411883 3038.94 004 879817 256027 003 2/14/21 REG AIR
7n 1 617 552 671 1/15/21 4-NOT SPECIFIED 3 13 340.7 1346.45 005 3067989 907992 0.09 2/15/21 SHIP 7 1 617 552 671 1/15/21 4-NOT SPECIFIED 3 13 340.7 1346.46 005 3067989 907992 0.09 2/15/21 SHIP
a7 2 213 972 438 1/16/21 4-NOT SPECIFIED 2 10 3491.85 4913.84 004 666743 90778 0.01 2/16/21 AR 473 2 213 972 438 1/16/21 4-NOT SPECIFIED 2 10 349185 4913.84 004 6667.43 907.78 0.01 2/16/21 AR
601 6 139 663 827 1/17/21 4-NOT SPECIFIED 4 19 6260.09 87024 004 3666652 366418 0.19 2/17/21 MAIL 601 6 139 663 827 1/17/21 4-NOT SPECIFIED 4 19 6260.09 87024 0.04 3666652 3664.18 0.19 2/17/21 MAIL
397 4 695 415 940 1/18/21 5-LOW 1 5 286277 10487.73 003 3223565 144746 0.19 2/18/21 TRUCK 397 4 695 415 940 1/18/21 5-LOW 1 5 286277 10487.73 003 3223565 1447.46 019 2/18/21 TRUCK
315 1 422 658 824 1/19/21 3-MEDIUM 1 8 217652 15484.36 0,05 4078499 5018.1 0.14 2/19/21 TRUCK 315 1 422 658 824 1/19/21 3-MEDIUM 1 8 217652 15484.36 005 40784.99 5018.1 014 2/19/21 TRUCK
706 6 638 711 509 1/20/21 2-HIGH 2 4 124546 19178.94 007 2448984 829021 0.07 2/20/21 SHIP 706 & 638 711 509 1/20/21 2-HIGH 2 4 1245.46 19178.94 007 24489.84 829021 007 2/20/21 SHIP
487 1 669 968 787 1/21/21 3-MEDIUM 2 49 5813.69 243468 003 4582829 333278 0.05 2/21/21 MAIL 487 1 669 968 787 1/21/21 3-MEDIUM 2 49 5813.69 243468 0.03 4582829 333278 0.05 2/21/21 MAIL
552 2 624 275 942 1/22/21 3-MEDIUM 4 13 6983.17 222038 005 34181 193388 005 2/22/21 TRUCK 552 2 624 275, 942 1/22/21 3-MEDIUM 4 13 6983.17 222938 005 34181 193388 0.05 2/22/21 TRUCK
88 3 489 861 856 1/23/21 2-HIGH 3 8 675238 11834.52 001 1535154 363754 0.03 2/23/21 MAIL 88 3 489 861 856 1/23/21 2-HIGH 3 38 675238 11834.92 001 1535154 3637.54 0.03 2/23/21 MAIL
175 5 771 “ 450 1/24/21 4-NOT SPECIFIED 4 46 949372 14933.42 002 3603758 823186 0.11 2/24/21 TRUCK 175 5 77 % 450 1/24/21 4-NOT SPECIFIED 4 46 949372 14933.42 002 36037.58 823186 011 2/24/21 TRUCK
601 3 540 84 327 1/25/21 4-NOT SPECIFIED 2 49 126.76. 16978.19 0 2148735 183365 0.03 2/2521 AR 601 3 540 8 327 1/25/21 4-NOT SPECIFIED 2 49 126.76 16978.19 0 21487.35 183365 0.03 2/25/21 AIR
850 1 980 434 491 1/26/21 5-LO0W 4 46 6507.25 18723.06 01 947462 265994 0.06 2/26/21 REG AIR 850 1 980 434 491 1/26/21 5-1OW 4 46 6507.25 18723.06 01 947462 265994 0.06 2/26/21 REG AR
678 4 218 810 54 1/27/21 5-LowW 2 19 6043.88 19670.18 0 625333 115409 0.13 2/27/21 REG AIR 678 4 218 810 54 1/27/21 5-1L0W 2 19 6043.88 19670.18 0 625333 1154.09 0.13 2/27/21 REG AIR
538 3 664 94 817 1/28/21 3-MEDIUM 1 8 592852 B056.05 002 4104962 720425 0.5 2/28/21 AR 538 3 664 9 817 1/28/21 3-MEDIUM 1 8 5928.52 8056.05 002 41045.62 720425 0.15 2/28/21 AR Y,
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%y Parquet

SELECT ith CHECK-FETCH

- Perform basic filtering in device

- Scratchpad can eliminate returning
intermediate results

Bitwise operators: combine results

SELECT
lo_custkey,
lo_orderdate,
lo_partkey,
lo_revenue,
lo_suppkey,
lo_supplycost

FROM
s30bject

WHERE

(lo_quantity BETWEEN 11 AND 20)
AND (lo_orderdate <= 20210116);

Retrieve required columns
. ~MB per column

Process Data in CPU

<0.1% for many queries!

f AAApL A
° J—
L Me
L
Lo LO. Lo Lo, Lo, Lo LO. Lo, Lo Lo, Lo Lo, Lo, 0. 0_ L0

_ - - _ _ - - _ _ _ . _ _ Lo_ Lo_ _ 0_ Lo_ o_ o_ Lo_ Lo_ o_ o_ Lo_ o_ Lo_ Lo_ Lo_ Lo_ 0_ Lo_ Lo_ Lo_
‘ORDERKEY LINENUMBER CUSTKEY PARTKEY SUPPKEY ORDERDATE ORDERPRIORITY SHIPPRIORITY QUANTITY EXTENDEDPRICE ORDTOTALPRICE DISCOUNT REVENUE SUPPLYCOST TAX COMMITDATE SHIPMODE ORDERKEY LINENUMBER CUSTKEY PARTKEY SUPPKEY ORDERDATE ORDERPRIORITY SHIPPRIORITY QUANTITY EXTENDEDPRICE ORDTOTALPRICE DISCOUNT REVENUE SUPPLYCOST TAX COMMITDATE SHIPMODE

685 H 68 341 349 1/1/21 3-MEDIUM 2 34 2128.74 11861.44 004 996863 399522 01 2/1/21 TRUCK . 4 L2874 Ligs1as
560 5 979 510 942 1/2/21 2-HIGH 2 18 3482.81 13217.61 005 2074827 375225 0.05 2/2/21 SHIP 1/2/21 2-HIGH 2 13 3482 .81 13217.61 0.05 2074827 3752.25 0.05 2/2/21 SHIP
630 7 72 515 283 1/3/21 5-LOW 4 30 6794.8 8005.41 003 3751642 769496 0.12 2/3/21 RALL . ) E17 TR i [OXTERETIS TS

193 H 235 70 587 1/4/21 5-LOW 2 13 8804.42 19985.63 0.08 2681847 348845 0.15 2/4/21 RALL 193 5 235 70 587 1/4/21 5-LOW 2 13 £804.42 0.08 2681847 3488.45 0.15 2/4/21 RAIL
836 5 717 358 821 1/5/21 5-LOW 2 a7 5482.41 7102.67 008 2489614 674453 0.05 2/5/21 AR B30 = 717 358 2T T75/21 5. LOW ¥ 5 TR824T TI02.67 08 24896.14 ©748.53 005 STIT AR

764 4 999 509 434 1/6/21 1-URGENT 3 3 289873 14455.99 009 102675 54146 0.12 2/6/21 AIR 764 4 999 909 434 1/6/21 1-URGENT 3 33 2898.73 14455.99 009 102675 54146 0.12 2/6/21 AIR
708 B 292 557 220 1/2/21 1-URGENT 0 35 399.33. 127879 0 2184468 510717 0.3 2/7f21 SHIP 708 5 29 557 220 1/7/21 1-URGENT 0 35 39933 12787.9 0 2184468  5107.17 013 2/7/21 SHIP
360 5 727 286 820 1/8/21 3-MEDIUM a 24 713233 16279.77 009 411413 906104 0.9 2/8/21 MAIL 360 H 727 886 820 1/8/21 3-MEDIUM 4 24 713233 16279.77 009 411413 906104 019 2/8/21 MAIL
10 E) 702 766 740 1/9/21 1-URGENT 2 26 178,05 18526.89 004 1120441 576913 0.16 2/9/21 AIR 10 9 702 766 740 1/9/21 1-URGENT 2 26 178.05 19526.89 004 1120441 576913 016 2/9/21 AR
724 5 710 323 874 1/10/21 4-NOT SPECIFIED 0 a7 3789.52 17806.89 009 46687.3 835519 0.17 2/10/21 AR 724 H 710 323 874 1/10/21 4-NOT SPECIFIED [ a7 378952 17806.89 009 466873 835519 017 2/10/21 AR
278 4 728 624 787 1/11/21 4-NOT SPECIFIED o 44 535232 15314.78 0.07 1155451 738295 01 2/11/21 SHIP 278 4 728 624 787 1/11/21 4-NOT SPECIFIED 0 a4 5352.32 15314.78 0.07 11554.51 739295 0.1 2/11/21 SHIP
755 8 556 92 374 1/12/21 5-LOW 2 42 9228.9 13995.14 0.1 4305854 866.29 0.04 2/12/21 AR 755 8 556 92 374 1/12/21 5-LOW 2 42 9228.9 13995.14 0.1 43058.54 B866.29 0.04 2/12/21 AIR
B80S 13 33 342 291 1/13/21 2-HIGH 3 47 986 6776.41 0.08 4034178 784455 02 2/13/21 SHIP 805 6 33 342 291 1/13/21 2-HIGH 3 47 986 6776.41 0.08 4034178 784455 0.2 2/13/21 SHIP
600 13 12 424 564 1/14/21 5-LOW 1 1 4118.83 3038.94 0.04 879817 256027 0.03 2/14/21 REG AIR 9 1 1 FARER:E]

7n 1 617 552 671 1/15/21 4-NOT SPECIFIED 3 13 340.7 1346.46 005 3067989 907992 0.09 2/15/21 SHIP I 71 1617 552 671 Ji]:.zn 4-NOT SPECIFIED 3 1 _3407 1346.46 0.05_30679.89 __9079.92 0.09 15/21 SHIP
a3 2 213 972 438 1/16/21 4-NOT SPECIFIED 2 10 3491.85 4913.84 004 666743 90778 0.01 2/16/21 AR ] FIE] 572 438 1/16/21 4-NOT SPECIFIED ] 10 349185 4913.84 004 6667.43 907.78 0.01 2/16/21 AIR
601 6 139 663 827 1/17/21 &-NOT SPECIFIED 4 19 6260.09 87024 004 3666652 366418 0.19 2/17/21 MAIL 601 6 139 663 827 1/17/21 4-NOT SPECIFIED 4 19 6260.09 87024 004 3666652 366418 019 2/17/21 MAIL
397 4 695 415 940 1/18/21 5-LOW 1 5 286277 10487.73 003 3223565 144746 0.19 2/18/21 TRUCK 397 4 695 415 940 1/18/21 5-LOW 1 5 2862.77 10487.73 003 3223565 144746 019 2/18/21 TRUCK
315 1 a2 658 824 1/19/21 3-MEDIUM 1 8 217652 15484.36 0,05 4078499 5018.1 0.14 2/19/21 TRUCK 315 1 an 658 824 1/19/21 3-MEDIUM 1 8 217652 15484.36 005 40784.99 50181 0.14 2/19/21 TRUCK
706 6 638 711 509 1/20/21 2-HIGH 2 4 124546 19178.94 007 2448984 829021 0.07 2/20/21 SHIP 706 6 638 711 509 1/20/21 Z-HIGH 2 a 1245.46 19178.94 007 24489.84 829021 007 2/20/21 SHIP
487 1 669 968 787 1/21/21 3-MEDIUM 2 49 5813.69 243468 0.03 4582829 333278 0.05 2/21/21 MAIL 487 1 669 968 787 1/21/21 3-MEDIUM 2 49 5813.69 2434.68 0.03 45828.29 3332.78 0.05 2/21/21 MAIL
552 FI1) 275 942 1/22/21 3-MEDIUM 4 13 6983.17 222038 005 34181 193388 005 2/22/21 TRUCK 552 FI-T) 275 942 1/22/21 3MEDIUM 4 13 6983.17 222038 005 34181 193388 0.05 2/22/21 TRUCK
28 3 489 861 856 1/23/21 2-HIGH 3 38 6752.38 11834.92 001 1535154 363754 0.03 2/23/21 MAIL 88 3 489 B61 856  1/23/21 2-HIGH 3 38 675238 11834.92 001 1535154  3637.54 0.03 2/23/21 MAIL
175 5 771 4 450 1/24/21 4-NOT SPECIFIED 4 46 9493.72 14933.42 002 3603758 823186 0.11 2/24/21 TRUCK 175 5 77 44 450 1/24/21 4-NOT SPECIFIED 4 46 949372 14933.42 002 36037.58 823186 0.11 2/24/21 TRUCK
601 3 540 8 327 1/25/21 4-NOT SPECIFIED 2 49 12676 16978.19 0 2148735 183365 0.03 2/2521 AR 601 E-T) 8 327 1/25/21 4-NOT SPECIFIED 2 49 126.76 16978.19 0 21487.35 183365 0.03 2/25/21 AR
850 1 980 434 491 1/26/21 5-LO0W 4 46 6507.25 18723.06 0.1 947462 2659.94 0.06 2/26/21 REG AIR 850 1 980 434 491 1/26/21 5-1OW 4 46 6507.25 18723.06 01 947462 265994 0.06 2/26/21 REG AR
678 4 218 810 54 1/27/21 5-LowW 2 19 6043.88 19670.18 0 625333 115409 0.13 2/27/21 REG AIR 678 4 218 810 54 1/27/21 5-1L0W 2 19 6043.88 19670.18 0 625333 1154.09 0.13 2/27/21 REG AIR
538 3 664 94 817 1/28/21 3-MEDIUM 1 8 5928.52 B056.05 0.02 41049.62 720425 0.15 2/28/21 AR 538 3 664 94 817 1/28/21 3-MEDIUM 1 8 5928.52 8056.05 0.02 41049.62 7204.25 'ﬂ‘]j 2/28/21 AIR Y,
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Z AND STORAGE SUMMIT



SELECT
lo_custkey,
lo_orderdate,
lo_partkey,
lo_revenue,
lo_suppkey,
lo_supplycost

FROM
s30bject

WHERE

(lo_quantity BETWEEN 11 AND 20)

%y Parquet
SELECT

Retrieve required columns
. ~MB per column

Process Data in CPU

<0.1% for many queries!

ith CHECK-FETCH

- Perform basic filtering in device
- Scratchpad can eliminate returning

intermediate results

. Bitwise operators: combine results
. Extract only desired data

AND (lo orderdate <= 20210116);
f AAApL A
° —
w. o w. o LT
CUSTKEY ORDERDATE PARTKEY REVENUE SUPPKEY SUPPLYCOST o o
M e 979 Y 510 2074827 942 37s23s
. 235 1a/n 70 2681847 587 3488.45
| 617 115/ 552 30679.89 671 907992
‘ ‘ ° o AA
o Lo . lo. o o Lo Lo_ o_ o_ o o_ o o Lo o o o_ o o lo. o o . o o o_ o o_ o o Lo o o
ORDERKEY LINENUMBER CUSTKEY PARTKEY SUPPKEY ORDERDATE ORDERPRIORITY SHIPPRIORITY QUANTITY EXTENDEDPRICE ORDTOTALPRICE DISCOUNT REVENUE SUPPLYCOST TAX COMMITDATE SHIPMODE ORDERKEY LINENUMBER CUSTKEY PARTKEY SUPPKEY ORDERDATE ORDERPRIORITY SHIPPRIORITY QUANTITY EXTENDEDPRICE ORDTOTALPRICE DISCOUNT REVENUE SUPPLYCOST TAX COMMITDATE SHIPMODE
685 5 68 341 349 1/1/21 3MEDIUM 2 34 212874 1186144 004 996863 399522 04 2/1/21 TRUCK S84l 340 : 24 a4 004906863 399522 0]
560 5 979 510 942 1/2/21 2HIGH 2 18 348281 1321761 005 2074827 375225 005 2/2/21 SHIP 560 973 510 942 -HIGH i3 13217.61 0.05 2074827 3752.25 005 2/2/21 SHIP
630 7 72 515 283 1/3/215-lOW 4 30 67348 8005.41 003 3751642 769496 0.2 2/3/21 RAIL vit s 1) TSN TR S T A [T AR ) Z
193 5 a5 0 587 1/4/21 5-LOW 2 13 8304.42 19985.63 008 2681847 348845 0.5 2/4/21 RAIL 193 235 70 547 -LoW 13 1998563 008 2681847 348845 0.15 2/4/21 RAIL
836 5 717 358 81 1/5/21 5L0W 2 a7 548241 710267 008 2489614 674453 005 2/5/21 AR T 7 y i 77}
764 4 99 909 43¢ 1/6/21 1URGENT 3 3 2898.73 14455.99 009 102675 54146 012 2/6/21 AR 764 4 999 909 43¢ 1/6/21 1URGENT 3 3 ) 14455.99 009 102675 54146 012 2/6/21 AR
708 5 292 557 220 1/7/21 1-URGENT 0 35 399.33 127879 0 2184468 5107.17 0.13 2/7/21 SHIP 708 5 292 557 220 1/7/21 1-URGENT 0 35 . 127879 0 2184468 5107.17 0.13 2/7/21 SHIP
360 5 727 886 820 1/8/21 3-MEDIUM a 24 713233 16279.77 0.09 411413 9061.04 0.19 2/8/21 MAIL 360 5 727 886 820 1/8/21 3-MEDIUM a 24 . 16279.77 0.09 411413 9061.04 0.19 2/8/21 MAIL
10 9 702 766 740 1/9/21 1-URGENT 2 26 178.05 15526.89 0.04 1120441 5769.13 0.16 2/9/21 AIR 10 9 702 766 740 1/9/21 1-URGENT 2 26 . 15526.89 0.04 1120441 5769.13 0.16 2/9/21 AIR
724 5 710 323 874 1/10/21 4-NOT SPECIFIED 0 47 3783.52 17806.83 0.09 46687.3 8355.19 0.17 2/10/21 AR 724 5 710 323 874 1/10/21 4-NOT SPECIFIED 0 47 . 17806.83 0.09 46687.3 8355.19 0.17 2/10/21 AR
278 4 728 624 787 1/11/21 4-NOT SPECIFIED 0 44 5352.32 15314.78 0.07 11554.51 739295 01 2/11/21 SHIP 278 4 728 624 787 1/11/21 4-NOT SPECIFIED 0 44 . 15314.78 0.07 11554.51 739295 01 2/11/21 SHIP
755 8 556 92 374 1/12/21 5-LOW 2 42 92289 13995.14 0.1 43058.54 86629 0.04 2/12/21 AR 755 8 556 92 374 1/12/21 5-LOW 2 42 . 13995.14 0.1 43058.54 86629 0.04 2/12/21 AR
805 3 33 342 291 1/13/21 2-HIGH 3 47 986 6776.41 0.08 4034178 784455 02 2/13/21 SHIP B80S 13 33 342 291 1/13/21 2-HIGH 3 a7 6776.41 0.08 4034178 784455 02 2/13/21 SHIP
600 3 12 424 564 1/14/21 5-LOW 1 1 4118.83 3038.94 0.04 879817 256027 0.03 2/14/21 REG AIR 1
n 1 617 552 671 1/15/21 4-NOT SPECIIED 3 13 3307 134646 005 3067989 907992 009 /1521 SHIP U 3 2/15/21 SHIP
an 2 213 972 438 1/16/21 &-NOT SPECIFIED 2 1 349185 491384 004 666743 90778 001 2/16/21 AR 7 T 3 o1 2 T
601 6 139 663 827  1/17/21 &-NOTSPECIFIED 4 19 6260.09 87024 004 3666652 366418 019  2/17/21 MAL 601 6 139 663 827 1/17/21 &-NOT SPECIFIED 4 19 87024 004 3666652 366418 019  2/17/21 MAL
397 4 695 415 940 1/18/21 5-LOW 1 5 2862.77 10487.73 003 3223565 144746 019 2/18/21 TRUCK 397 4 695 415 940 1/18/21 5-LOW 1 5 10487.73 003 3223565 144746 019 2/18/21 TRUCK
a5 1 42 658 B4 1/19/21 3-MEDIUM 1 8 217652 1548436 005 4078499 50181 014 2/19/21 TRUCK a5 1 42 658 824 1/19/21 3-MEDIUM 1 8 1548436 005 4078499 50181 014 2/19/21 TRUCK
706 6 68 711 509 1/20/21 2HIGH 2 4 1245.46 19178.94 007 2448984 829021 007 2/20/21 SHIP 706 6 638 711 509 1/20/21 2HIGH 2 4 19178.94 007 2448984 829021 007 2/20/21 SHIP
497 1 669 98 787  1/21/21 3-MEDIUM 2 9 581369 2434.68 003 4582820 333278 005 2/21/21 MAL 497 1 669 98 787  1/21/21 3-MEDIUM 2 9 2434.68 003 4582820 333278 005 2/21/21 MAL
552 2 G4 275 942 1/22/21 3-MEDIUM 4 13 6983.17 222038 005 34181 193388 005 2/22/21 TRUCK 552 2 G4 275 942 1/22/21 3-MEDIUM 4 13 222038 005 34181 193388 005 2/22/21 TRUCK
88 3 489 861 856 1/23/21 2HIGH 3 38 675238 11834.92 001 1535154 363754 003 2/23/21 MAL 88 3 489 861 856 1/23/21 2HIGH 3 38 } 11834.92 001 1535154 363754 003 2/23/21 MAL
175 5 m 44 450 1/24/21 4-NOT SPECIFIED 4 % 9493.72 14933.42 002 3603758 823186 011  2/24/21 TRUCK 175 5 m 44 450 1/24/21 4-NOT SPECIFIED 4 % } 14933.42 002 3603758 823186 011  2/24/21 TRUCK
601 3 540 84 327 1/25/21 4-NOT SPECIFIED 2 43 126.76 16978.19 0 21487.35 183365 0.03 2/25/21 AR 601 3 540 84 327 1/25/21 4-NOT SPECIFIED 2 43 3 16978.19 0 21487.35 183365 0.03 2/25/21 AR
850 1 980 434 491 1/26/21 5-LOW a 46 6507.25 18723.06 01 947462 2659.94 0.06 2/26/21 REG AIR 850 1 980 434 491 1/26/21 5-LOW a 46 . 18723.06 01 947462 2659.94 0.06 2/26/21 REG AIR
678 4 218 810 54 1/27/21 5-LOW 2 19 6043.88 15670.18 0 6253.33 115409 0.13 2/27/21 REG AIR 678 4 218 810 54 1/27/21 5-LOW 2 19 . 15670.18 0 6253.33 115409 0.13 2/27/21 REG AIR
538 3 664 94 817 1/28/21 3-MEDIUM 1 8 5928.52 B056.05 0.02 41049.62 720425 0.15 2/28/21 AR 538 3 664 94 817 1/28/21 3-MEDIUM 1 8 . B056.05 0.02 41049.62 720425 ,0.15 2/28/21 AR Y’
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Z AND STORAGE SUMMIT




SELECT
lo_custkey,
lo_orderdate,
lo_partkey,
lo_revenue,
lo_suppkey,
lo_supplycost

FROM
s30bject

WHERE

(lo_quantity BETWEEN 11 AND 20)

%y Parquet
SELECT

Retrieve required columns
. ~MB per column

Process Data in CPU

<0.1% for many queries!

ith CHECK-FETCH

- Perform basic filtering in device
- Scratchpad can eliminate returning

intermediate results

. Bitwise operators: combine results
. Extract only desired data

AND (lo orderdate <= 20210116);
f AAApL A
° —
w. o w. o LT
CUSTKEY ORDERDATE PARTKEY REVENUE SUPPKEY SUPPLYCOST o o
M e 979 Y 510 2074827 942 37s23s
. 235 1a/n 70 2681847 587 3488.45
| 617 115/ 552 30679.89 671 907992
‘ ‘ ° o AA
o Lo . lo. o o Lo Lo_ o_ o_ o o_ o o Lo o o o_ o o lo. o o . o o o_ o o_ o o Lo o o
ORDERKEY LINENUMBER CUSTKEY PARTKEY SUPPKEY ORDERDATE ORDERPRIORITY SHIPPRIORITY QUANTITY EXTENDEDPRICE ORDTOTALPRICE DISCOUNT REVENUE SUPPLYCOST TAX COMMITDATE SHIPMODE ORDERKEY LINENUMBER CUSTKEY PARTKEY SUPPKEY ORDERDATE ORDERPRIORITY SHIPPRIORITY QUANTITY EXTENDEDPRICE ORDTOTALPRICE DISCOUNT REVENUE SUPPLYCOST TAX COMMITDATE SHIPMODE
685 5 68 341 349 1/1/21 3MEDIUM 2 34 212874 1186144 004 996863 399522 04 2/1/21 TRUCK S84l 340 : 24 a4 004906863 399522 0]
560 5 979 510 942 1/2/21 2HIGH 2 18 348281 1321761 005 2074827 375225 005 2/2/21 SHIP 560 973 510 942 -HIGH i3 13217.61 0.05 2074827 3752.25 005 2/2/21 SHIP
630 7 72 515 283 1/3/215-lOW 4 30 67348 8005.41 003 3751642 769496 0.2 2/3/21 RAIL vit s 1) TSN TR S T A [T AR ) Z
193 5 a5 0 587 1/4/21 5-LOW 2 13 8304.42 19985.63 008 2681847 348845 0.5 2/4/21 RAIL 193 235 70 547 -LoW 13 1998563 008 2681847 348845 0.15 2/4/21 RAIL
836 5 717 358 81 1/5/21 5L0W 2 a7 548241 710267 008 2489614 674453 005 2/5/21 AR T 7 y i 77}
764 4 99 909 43¢ 1/6/21 1URGENT 3 3 2898.73 14455.99 009 102675 54146 012 2/6/21 AR 764 4 999 909 43¢ 1/6/21 1URGENT 3 3 ) 14455.99 009 102675 54146 012 2/6/21 AR
708 5 292 557 220 1/7/21 1-URGENT 0 35 399.33 127879 0 2184468 5107.17 0.13 2/7/21 SHIP 708 5 292 557 220 1/7/21 1-URGENT 0 35 . 127879 0 2184468 5107.17 0.13 2/7/21 SHIP
360 5 727 886 820 1/8/21 3-MEDIUM a 24 713233 16279.77 0.09 411413 9061.04 0.19 2/8/21 MAIL 360 5 727 886 820 1/8/21 3-MEDIUM a 24 . 16279.77 0.09 411413 9061.04 0.19 2/8/21 MAIL
10 9 702 766 740 1/9/21 1-URGENT 2 26 178.05 15526.89 0.04 1120441 5769.13 0.16 2/9/21 AIR 10 9 702 766 740 1/9/21 1-URGENT 2 26 . 15526.89 0.04 1120441 5769.13 0.16 2/9/21 AIR
724 5 710 323 874 1/10/21 4-NOT SPECIFIED 0 47 3783.52 17806.83 0.09 46687.3 8355.19 0.17 2/10/21 AR 724 5 710 323 874 1/10/21 4-NOT SPECIFIED 0 47 . 17806.83 0.09 46687.3 8355.19 0.17 2/10/21 AR
278 4 728 624 787 1/11/21 4-NOT SPECIFIED 0 44 5352.32 15314.78 0.07 11554.51 739295 01 2/11/21 SHIP 278 4 728 624 787 1/11/21 4-NOT SPECIFIED 0 44 . 15314.78 0.07 11554.51 739295 01 2/11/21 SHIP
755 8 556 92 374 1/12/21 5-LOW 2 42 92289 13995.14 0.1 43058.54 86629 0.04 2/12/21 AR 755 8 556 92 374 1/12/21 5-LOW 2 42 . 13995.14 0.1 43058.54 86629 0.04 2/12/21 AR
805 3 33 342 291 1/13/21 2-HIGH 3 47 986 6776.41 0.08 4034178 784455 02 2/13/21 SHIP B80S 13 33 342 291 1/13/21 2-HIGH 3 a7 6776.41 0.08 4034178 784455 02 2/13/21 SHIP
600 3 12 424 564 1/14/21 5-LOW 1 1 4118.83 3038.94 0.04 879817 256027 0.03 2/14/21 REG AIR 1
n 1 617 552 671 1/15/21 4-NOT SPECIIED 3 13 3307 134646 005 3067989 907992 009 /1521 SHIP U 3 2/15/21 SHIP
an 2 213 972 438 1/16/21 &-NOT SPECIFIED 2 1 349185 491384 004 666743 90778 001 2/16/21 AR 7 T 3 o1 2 T
601 6 139 663 827  1/17/21 &-NOTSPECIFIED 4 19 6260.09 87024 004 3666652 366418 019  2/17/21 MAL 601 6 139 663 827 1/17/21 &-NOT SPECIFIED 4 19 87024 004 3666652 366418 019  2/17/21 MAL
397 4 695 415 940 1/18/21 5-LOW 1 5 2862.77 10487.73 003 3223565 144746 019 2/18/21 TRUCK 397 4 695 415 940 1/18/21 5-LOW 1 5 10487.73 003 3223565 144746 019 2/18/21 TRUCK
a5 1 42 658 B4 1/19/21 3-MEDIUM 1 8 217652 1548436 005 4078499 50181 014 2/19/21 TRUCK a5 1 42 658 824 1/19/21 3-MEDIUM 1 8 1548436 005 4078499 50181 014 2/19/21 TRUCK
706 6 68 711 509 1/20/21 2HIGH 2 4 1245.46 19178.94 007 2448984 829021 007 2/20/21 SHIP 706 6 638 711 509 1/20/21 2HIGH 2 4 19178.94 007 2448984 829021 007 2/20/21 SHIP
497 1 669 98 787  1/21/21 3-MEDIUM 2 9 581369 2434.68 003 4582820 333278 005 2/21/21 MAL 497 1 669 98 787  1/21/21 3-MEDIUM 2 9 2434.68 003 4582820 333278 005 2/21/21 MAL
552 2 G4 275 942 1/22/21 3-MEDIUM 4 13 6983.17 222038 005 34181 193388 005 2/22/21 TRUCK 552 2 G4 275 942 1/22/21 3-MEDIUM 4 13 222038 005 34181 193388 005 2/22/21 TRUCK
88 3 489 861 856 1/23/21 2HIGH 3 38 675238 11834.92 001 1535154 363754 003 2/23/21 MAL 88 3 489 861 856 1/23/21 2HIGH 3 38 } 11834.92 001 1535154 363754 003 2/23/21 MAL
175 5 m 44 450 1/24/21 4-NOT SPECIFIED 4 % 9493.72 14933.42 002 3603758 823186 011  2/24/21 TRUCK 175 5 m 44 450 1/24/21 4-NOT SPECIFIED 4 % } 14933.42 002 3603758 823186 011  2/24/21 TRUCK
601 3 540 84 327 1/25/21 4-NOT SPECIFIED 2 43 126.76 16978.19 0 21487.35 183365 0.03 2/25/21 AR 601 3 540 84 327 1/25/21 4-NOT SPECIFIED 2 43 3 16978.19 0 21487.35 183365 0.03 2/25/21 AR
850 1 980 434 491 1/26/21 5-LOW a 46 6507.25 18723.06 01 947462 2659.94 0.06 2/26/21 REG AIR 850 1 980 434 491 1/26/21 5-LOW a 46 . 18723.06 01 947462 2659.94 0.06 2/26/21 REG AIR
678 4 218 810 54 1/27/21 5-LOW 2 19 6043.88 15670.18 0 6253.33 115409 0.13 2/27/21 REG AIR 678 4 218 810 54 1/27/21 5-LOW 2 19 . 15670.18 0 6253.33 115409 0.13 2/27/21 REG AIR
538 3 664 94 817 1/28/21 3-MEDIUM 1 8 5928.52 B056.05 0.02 41049.62 720425 0.15 2/28/21 AR 538 3 664 94 817 1/28/21 3-MEDIUM 1 8 . B056.05 0.02 41049.62 720425 ,0.15 2/28/21 AR Y’
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SELECT
lo_custkey,

lo_orderdate,
lo_partkey,
lo_revenue,
lo_suppkey,
lo_supplycost

FROM

s30bject
WHERE
(lo_quantity BETWEEN 11 AND 20)

AND (lo_orderdate <= 20210116);

%y Parquet
SELECT

Retrieve required columns
. ~MB per column

Process Data in CPU

<0.1% for many queries!

() g

Lo,

ORDERKEY L\NENUMBER CUSTKEY PARTKEY SUPPKEV ORDERDATE ORDERPR\OR\T{ SHIPPRIORIT\’ QUANTITV

685 5 68 341 349 1/1/21 3-MEDIUM
560 5 979 510 942 1/2/21 2-HIGH
630 7 772 515 283 1/3/21 5-LOW
193 5 235 70 587 1/4/21 5-LOW
836 5 717 358 811 1/5/21 5-LOW
764 4 999 909 434 1/6/21 1-URGENT
708 5 292 557 220 1/7/21 1-URGENT
360 5 727 886 820 1/8/21 3-MEDIUM
10 9 702 766 740 1/9/21 1-URGENT
724 5 710 323 874 1/10/21 4-NOT SPECIFIED
278 4 728 624 787 1/11/21 4-NOT SPECIFIED
755, 8 556 92 EX 1/12/21 5-LOW
805 6 33 342 291 1/13/21 2-HIGH
600 6 12 424 564 1/14/21 5-LOW
71 1 617 552 671 1/15/21 4-NOT SPECIFIED
473 2 213 972 438 1/16/21 4-NOT SPECIFIED
601 6 139 663 827 1/17/21 4-NOT SPECIFIED
397 4 695 415 940 1/18/21 5-LOW
315 1 422 658 824 1/19/21 3-MEDIUM
706 [ 638 711 509 1/20/21 2-HIGH
487 1 669 968 787 1/21/21 3-MEDIUM
552 2 624 275 942 1/22/21 3-MEDIUM
88 3 489 861 856 1/23/21 2-HIGH
175 5 771 44 450 1/24/21 4-NOT SPECIFIED
601 3 540 84 327 1/25/21 4-NOT SPECIFIED
850 1 980 434 491 1/26/21 5-LOW
678 4 218 810 54 1/27/21 5-LOW
538 3 664 94 817 1/28/21 3-MEDIUM
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34
18
30
13
47
33
ES
24
26
a7
a4
a2
a7

2128.74
3482.81
6794.8
8804.42
5482.41
2898.73
399.33
7132.33
178.05
3789.52
5352.32
92289
986
411883
340.7
3491.85
6260.09'
2862.77
2176.52.
124546
5813.69
6983.17
6752.38
9493.72
126.76
6507.25
5043.88
5928.52

ol

EXTENDEDPR\CE ORDTOTALPRICE D\SCOUNT REVENUE SUPPL\’CDST TAX COMMITDATE SH\PMODE

Lo

11861.44 0.04 996863 399522 01 2/1/21 TRUCK
13217.61 0.05 2074827 375225 0.05 2/2/21 SHIP
8005.41 0.03 3751642 769496 0.12 2/3/21 RAIL
19985.63 0.08 2681847 348845 0.15 2/4/21 RAIL
7102.67 0.08 24896.14 674453 0.05 2/5/21 AR
14455.99 0.09 102675 54146 0.12 2/6/21 AR
12787.9 0 2184468 5107.17 0.13 2/7/21 SHIP
16279.77 0.09 411413 906104 0.19 2/8/21 MAIL
19526.89 0.04 1120441 5769.13 0.16 2/9/21 AR
17806.89 0.09  46687.3 8355.19 0.17 2/10/21 AR
15314.78 0.07 1155451 739295 01 2/11/21 SHIP
13995.14 0.1 4305854 866.29 0.04 2/12/21 AR
6776.41 0.08 4034178 784455 02 2/13/21 SHIP
3038.54 0.04 8798.17 256027 0.03 2/14/21 REG AIR
1346.46 0.05 30679.89 9079.92 0.09 2/15/21 SHIP
4913.84 0.04 666743 907.78 0.01 2/16/21 AR
87024 0.04 36666.52 3664.18 0.19 2/17/21 MAIL
10487.73 0.03 3223565 144746 0.19 2/18/21 TRUCK
15484.36 0.05 4078499 5018.1 0.14 2/19/21 TRUCK
19178.94 0.07 24489.84 829021 0.07 2/20/21 SHIP
243468 0.03 4582829 333278 0.05 2/21/21 MAIL
222938 005 34181 193388 0.05 2/22/21 TRUCK
11834.92 0.01 15351.54 3637.54 0.03 2/23/21 MAIL
14933.42 0.02 36037.58 823186 0.11 2/24/21 TRUCK
16978.19 0 21487.35 183365 0.03 2/25/21 AR
18723.06 01 947462 265994 0.06 2/26/21 REG AIR
19670.18 0 625333 115409 0.13 2/27/21 REG AIR
8056.05 0.02 4104962 720425 0.15 2/28/21 AR

With CHECK-FETCH

- Perform basic filtering in device
- Scratchpad can eliminate returning
intermediate results
. Bitwise operators: combine results
. Extract only desired data
99%+ reduction of data to host!

wo_ o_ Lo_ wo_ w_ w_
CUSTKEY ORDERDATE PARTKEY REVENUE SUPPKEY SUPPLYCOST
479 1/2/21 510 2074827 942 375225
235 1a/n 70 2681847 587 348845
617 1/15/21 552 3067989 671 9079.92
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Your feedback is important to us.

Donpaul Stephens

donpaul@airmettle.com
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