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Deephaven -- Why does it exist?

'; Real-time data is hard.

People waste time with data infrastructure.

Sharing work & “getting to production” is slow.



Deephaven -- How do people use it?

1 To build apps

p. As a complete data system

3 As a dashboard and visualization framework



\\ Deephaven fundamentals

Speed People's time Interoperability
matters matters matters



Deephaven Technologies



O worker_363 + dh-prod-demo-query3.int.illumon.com « Python - 12.0 GB fB i, 3

> join_Trades_Quotes =
.updateView("TimeDif f

Trades.aj(Quotes, "Symbol, Timestamp","Bid, Ask, QuoteTime = Timestamp")\

Counts

N Source

5,508,681 Trades
5,728,804 Quotes

Realtime Engine

= round((Timestamp - QuoteTime) / 1000)" i ﬂ
Quotes
= Timestamp Symbol BidSize =
11:50:16.014 TDG 100.0000 l
11:50:16.012 MPC 100.0000
11:50:16.012 LEN 100.0000
11:50:16.011 AEO 600.0000
11:50:16.011 EFX 200.0000
11:50:16.010 CNP 100.0000
11:50:16.009 TPR 1,500.0000
[ —]
Trades
Timestamp Symbol Price Si=
11:50:16.011 NEE 299.08 '
11:50:16.011 NEE 299.08
11:50:16.010 CNP 20.96
11:50:16.009 QQQ 280.70
11:50:16.000 NCLH 17.76 1
11:50:16.000 DPZ 399.49 i
11:50:15.984 PBA 21.86 1



&3 SEC Scrape 14 Betas 15 Jup Betas Vol and Corr Snotel Dashboard Big Studio

Console Log

> from deephaven import =
totals2 = tradesMkt.updateView('Dollars = Size » Price”)\

.by(caf.AggCombo(\
caf.AggFirst("FirstPrice = Price”),\
caf.Agglast("LastPrice = Price"),\
caf.AggCount("Count"),\
caf.AggSum("Shares = Size”, "Dollars”),\
caf.AggAvg("AvgPrice = Price”),\
caf.AggWAvg("Size", "WtdAvgPrice = Price”)\
), "sym")\
.updateView( "IntraChange - LastPrice - FirstPrice” ,"IntraPerc - LastPrice / FirstPrice -1")

Python Studio

Market Summary

Earnings Call RSS SA Code Studio X > | ®New o Controls B8 Panels :g

Command History File Explorer PQ Explorer =

O worker_364 - dh-prod-demo-query3.int.illumon.com - Python - 12.0 GB FR, lt } B B [ Search by name Q

M Exercising Notebooks

& General Notebooks
<[> Ema with Threads.groovy
@ Price Changes.py

<[> simple Query Basics.groovy

& Tensor conversion.py

<[> Window check.groovy

|

— m Temp Demo Notebook

</> EOD Generator.groovy

© Simple Query Basics.py B K totalswithjoin totals2 tradesYest tradesMkt oneStockTradesMkt qopl trades totals trade > v ™
P P B @’ H Date ode LocalC k Sym ServerTimestamp MarketTimestamp ice =
2020-10-07  16:29:44.886 1,059,068,156 505 SPY 2020-10-07T16:14:44.886 2020-10-07T16:00:00.000 340.92 l

4 #1 Get intraday trades 2020-10-07  16:29:16.949 1,059,068,156 505 SPY 2020-10-07T16:14:16.949  2020-10-07T16:00:00.000 340.92
5 #tradesToday = db.i("Feed0S", "EquityTradelL1").where("Date = currentDateNy()") m  2020-10-07 16:15:11.893 1,059,068,156 505 SPY 2020-10-07T15:59:59.998  2020-10-07T15:59:59.997 34073
6 tradesToday = db.i("Feed0S", "EquityTradelLl").whe: "Date = lastBusinessDateNy()"B 2020-10-07  16:15:11.892 1,059,068,156 505 SPY 2020-10-07T15:59:59.997 2020-10-07T15:59:59.997 340.73
7 2020-10-07  16:15:11.892 1,059,068,156 505 SPY 2020-10-07T15:59:59.997  2020-10-07T15:59:59.997 340.73
8 #2 Do a couple basic things to that table 2020-10-07 1,059,068,156 505 SPY 2020-10-07T15:59:59.997  2020-10-07T15:59:59.997 340.73
9 tradesToday = tradesToday.reverse().renameColumns("Sym = LocalCodeStr") 2020-10-07 1,059,068,156 505 SPY 2020-10-07T15:59:59.997 2020-10-07T15:59:59.997 340.73
10 2020-10-07  16:15:11.891 1,059,068,156 505 SPY 2020-10-07T15:59:59.997  2020-10-07T15:59:59.997 340.73

11 #3 Create a dependent table -- and demonstrate Aggregation / lastBy 2020-10-07  16:15:11.891 1,059,068,156 505 SPY 2020-10-07T15:59:59.997  2020-10-07T15:59:59.997 340.73
12 tradesLast = tradesToday.view(“MarketTimestamp”, "Sym", "Price", "Size").lastBy("Sym").sort("Sym")  2020-10-07 16:15:11.891 1,059,068,156 505 SPY 2020-10-07T15:59:59.997  2020-10-07T15:59:59.997 340.73
13 2020-10-07 1,059,068,156 505 SPY 2020-10-07T15:59:59.997  2020-10-07T15:59:59.997 340.73
14 #4 Get historical trades 2020-10-07 1,059,068,156 505 SPY 2020-10-07T15:59:59.997  2020-10-07T15:59:59.997 340.73
15 # tradesYest = db.t("Feed0S", "EquityTradelLl1").where("Date = lastBusinessDateNy()")\ 2020-10-07 1.059.068.156 505 SPY 2020-10-07T1! 9.997 2020-10-07T15:59:59.997 340.74

16 tradesYest = db.t("Feed0S", "EquityTradelL1").where("Date = "2020-07-01"")\

17 .renameColumns("Sym = LocalCodeStr") stockPlot =

1 ) Sym: AAPL

19 #5 You can of course merge them

20 trades = ttools.merge(tradesToday, tradesYest) U — Sym

21 | 0339 — Ratio

22 #6 Sort for trading time and calc totals | 03385

23 import deephaven.Calendars as Calendars 115

24 cal = Calendars.calendar("USNYSE") 0338

25

26 tradesMkt = tradesToday.where("cal.isBusinessTime(MarketTimestamp)") 03375

27 totals = tradesMkt.view("Date", "Sym", "Size" ,"Dollars = Size * Price").sumBy('Date"”, "Sym").sortDe U

28 0.337

29 #7 Analyze performance

30 # One can use the following to figure out I/0 versus compute time for various operations, etc. 11:30 12:00 12:30 13:00 13:30 14:00 14:30 15:00 15:30 16:00

31 qopl=db.i("DbInternal”, "QueryOperationPerformanceLog")\ Oct 7,2020

32

.where( "Date=currentDateNv()")\

Develop with historical and real-time data

deephaven.io






: Ju pyter Basics (unsaved changes) 7 LV_ Logout

Edit View nsert Cell Kernel Widgets Help ‘ Deephaven O

+ = @ B 2 ¥ MRun B C M | Code

2017-08-24 040 8 stock Nasaaq 1 )00 200 Normat
7 Stock Nasdag - Normal
£ Stock Nasdaq Af 5 0 9 Normal
Stock Arca 1 0 1 Normal
Stock Nasdaq Af 1 Normal
Stock Nasdag 26 Normal
Stock Arca 0 20 Normal
Stock Nasdaq A 12 Normal
Stock Arca 0 10 Normal
Stock Arca - 0 Normal
Stock Nasdaq 15 Normal
Stock Nasdag - - Normal
Stock Nasdaq 59.860 1 Normal

An example ticking table

t2 = db.timeTable("00:00:01").update("X=1")
display(Gridwidget(t2))

An example plot

tAAPL = db.t("LearnDeephaven", "StockTrades")\
.where("Date="2017-08-21"", "USym="AAPL™")

display(Gridwidget(tAAPL))

plotAAPL = Plot.plot("AAPL", tAAPL, "Timestamp"”, "Last").figure

display(Chartwidget(plotAAPL))
An example dual chart plot

t4 = db.t("LearnDeephaven”,"StockTrades").where("Date="2017-08-24"","USym in ~PFE , XOM ")

plotDualYAxis = Plot.plot("PFE", t4.where("USym = "PFE "), "Timestamp"”, "Last")\
Ltwinx()\
.plot("xom", t4.where("USym = “XOM™ "), "Timestamp"”, "Last")\
.figure

Stateful Jupyter integration




Query Monitor Main Mkt Summary 02 Simulator 13 SEC Scrape 14 Betas 15 Jup Betas Vol and Corr Snotel Dashboard Big Studio Python S> @ New :¢
System: Deephaven - dh-prod-demo.int.illumon.com PROD  Summary Settings Permissions Scheduling Script Draft
75 Running, 30 Completed, 2 Stopped, 18 Failed, 1Error, 1Disconnected, 302 None
Persistent Query Configuration Enabled (o
' New P start Stop ' Restart ;
Name D T ‘
Owner/Name Q] [My Queriesl [ 5 Type ~ ] [ (Al) s l [ (al) é l @ @ orr - -
- Type [ Live Query (Script) $ ]
Search Filter Owned by Me  Query Type Worker Host DB Server Name Drafts Enabled Only
Owner Name Enabled Status QueryType InitStartTime =  DBServer I Query_1(dh-prod-demo-querytintillumon.com:2 = ]
with decile true Live Query (Script) 2020-10-08T07:56:14 202
deModel true Live Query (Script) 2020-10-08T07:57:17 202§ ~ Heap Size
alexpeters Volatility Study true Live Query (Script) 2020-10-08T07:00:05 202 )
bender IDS-6840 Tests true Live Query (Script) 2020-10-08T07: 202 LA A
bender stringstuff true Live Query (Script) 2020-10-08T07: 202
ckent coviD-19 true Live Query (Script) 2020-10-08T03: 202 Show Advanced v
david dg_Graph true Running Live Query (Script) 2020-10-08T07:: 202
demoUser Draft, Demo Plots true Live Query (Script)
demoUser EOD Program with Plot true Live Query (Script) 2020-10-08T07: 202
harrisonspisak  Correlation true Live Query (Script) 2020-10-08T07:: 202
harrisonspisak  Poker true Live Query (Script) 2020-10-08T07:: 202
harrisonspisak  SnotelData true Live Query (Script) 2020-10-08T07: 202
i Accenture true Live Query (Script) 2020-10-08T07: 202
Adam Kreysar true Live Query (Script) 2020-10-08T07:56:06 202
iris All Fitter Outputs false Live Query (Script)
iris Arman's Demo (Mean Reversion Simulation) false Live Query (Script)
iris Axpo true Live Query (Script) 2020-10-08T07:57:09 202
iris Axpo 2 true Running Live Query (Script) 2020-10-08T07:: 202
iris Basic Andy true Running Live Query (Script) 2020-10-08T07: 202
iri Basic Example true Live Query (Script) 2020-10-08T07:56: 202
Bender Plotting true Live Query (Script) 2020-10-08T07:56:49 202
Beta Calculator true Live Query (Script) 2020-10-08T07:55:15 202
Beta Calculator 2 true Live Query (Script) 2020-10-08T07:55:15 202
iris CME Futures true Live Query (Script) 2020-10-08T07:55:14 202
iris CME Quotes Downsampling Script false Batch Query (RunAndDone)
iris CME Quoting Data (Genesis) false Live Query (Script)
iris CME Slippage and Impact false Live Query (Script)
iris CharlestTest false Live Query (Script)
iris Clear Betas true [T EEM Batch Query (RunAndDone) 2020-09-23T08:49:44 202
iris CloseToCloseVolatility false Live Query (Script)
iris Controller Test false Live Query (Script)
iris Copying Bug Test false Live Query (Script)
iris Correlation Matrix false Live Query (Script)
iris DISStats false Live Query (Script)
iris DIS_LastBy true Live Query - Merge Server 2020-10-08T00:05:07 202
iris Dash Big Names 1mo Returns true Live Query (Script) 2020-10-08T07:55:55 202
iris Dash Price and Volume true Live Query (Script) 2020-10-08T07:55:08 202
iris Dash Real-time Monitor true Runni Live Query (Script) 2020-10-08T07:56:51 202 il Delete @ copy Revert -
iris DeleteMavStreetOntionsFiles true Batch Querv - Import Server 2020-10-08T09:22:29 202

Go to production with ease



15 Jup Betas

IntraChange IntraPerc

Vol and Corr

Changeld  PercChange

Snotel Dashboard

Query Monitor Main » Mkt Summary 02 Simulator 13 SEC Scrape 14 Betas
Input [ tradesByi5Min  Totals
Sym Filter o Sym LastPrice AvgPrice LastTimestamp TradeCount + Dollars
|AAPL l 115.0500
SPY 3409173 340.57  2020-10-07T16:00:00.000 194,657  10,198,161,298
MSFT 209.8100 20922 2020-10-07T15:59:59.997 140266  2,578,332,889
B 257.8500 257.89  2020-10-07T15:59:59.992 128201  2,936,376,168
BABA 296.5000 29657  2020-10-07T15:59:59.982 110,826  2,918,237,960
AMZN 3,1935100  3,180.49  2020-10-07T15:59:59.992 105,409  7,079,571,807
Qaa 280.1100 279.89  2020-10-07T15:59:59.988 95430  4,014,030,979
WM 160.0400 159.81  2020-10-07T15:59:59.997 89,551  2,420,716,557
NVDA 5585600 55847  2020-10-07T15:59:59.999 80,138  2,388,864,232
T 28.8000 2878  2020-10-07T15:59:59.993 78,953 658,881,919
Enter value... BA 1645500 16422  2020-10-07T15:59:59.999 77,775 1,706954,223
[ 44,8400 4481 2020-10-07T15:59:59.996 77,158 532,875,255
WEC 247900 2475  2020-10-07T15:59:59.992 75,626 442,737,618
INTC 52,6500 5277  2020-10-07T15:59:59.995 75355 575,794,456
XOM 33,5000 3341 2020-10-07T15:59:59.999 75231 494,502,168
NFLX 5344100 533.84  2020-10-07T15:59:59.999 72773 1,882,810,163
JPm 99.7400 9938  2020-10-07T15:59:59.996 68,971 796,045,054
ccL 159900 1590  2020-10-07T15:59:59.979 68,763 247,986,722
€SCo 39.3800 3938 2020-10-07T15:59:59.999 68,506 461,007,212
BMY 58.4720 60.32  2020-10-07T09:52:07.043 67,747 466,175,455
BAC 248600 2483 2020-10-07T15:59:59.997 67,596 553,414,401
DDD 63500 621 2020-10-07T15:59:59.978 66,355 129,843,061
GE 63100 629  2020-10-07T15:59:59.979 66,341 251,622,540
DIS 122.8100 122.92  2020-10-07T15:59:59.996 64917 830.968.305
statsByExchByBin Returns by Time Spy 30-sec Bars
Search Data... Q| &
Exchange Dollars PctOfTrades PctofVolume Bin NTrades = 362
FINRA 36,441,245,311 0.9000 2,096,897
NASDAQOMX 18,347,722,273 09000 2,047,533 341
NYSE 10,515,625,613 10 09000 774,791
DirectEdgeX 8,390,180,936 . 09000 872,473
BATS 7,668,861,370 [ NREZEY 09000 1055175 S
NYSEArca 7,464,934,521 _— 09000 888,700
INVESTORS_EX...  3,196,832,427 09000 326,644 339
BATSY 3,174,725,003 09000 599,525
NASDAQOMXBX 2,856,542,610 _— 09000 462,795 18
DirectEdgeA 1,105,701,650 _ 09000 182,365
NASDAQOMXPSX 751,848,377 — 0.9000 98,727
csx 576,027,879 _ 09000 1,306 337
NYSEMKT 152,404,061 0.9000 24,594
FINRA 4,038,984,443 08000 604,267 336
NASDAQOMX 2,497,144,253 08000 652,732
NYSE 1,579,555,477 _ 08000 248,720 -
DirectEdgeX 940,113,073 0.8000 245,866
NYSEArca 912,946,562 2 0.8000 240,164
BATS 874,272,006 [EANIEES o000 259638 334
BATSY 621,264,936 [N oscc0 219751
NASDAQOMXBX 589.907.783 XA NNYSVA 08000  197.915

15196 45
17790 0.0086
2.0700 0.0081
-0.3571 -0.0012
36.8400 0.0117
14750 0.0053
05690 0.0036
14500 0.0026
00579
0.7600 0.0046
-0.1417 -0.0032
0.0800 0.0032
-0.0869 -0.0016
01324 0.0040
3.9684
05100 0.0051
03350 0.0214
02500 0.0064
-1.2480 -0.0209
0.0200 0.0008
0.8350 0.1514
0.0200 0.0032

0.3808 0.0031

%,

%

-

SPY

7
5000 9. %0

59773 0.0178
3.9100 0.0190
-0.6800 -0.0026
93.5500 0.0302
49700 0.0181
3.4100 0.0218
a3600
0.1000 0.0035
4.8900 0.0306
0.4600 0.0104
0.6200 0.0257
1.2800 0.0249
0.1200 0.0036

0.7900 0.4 020:\
07520
0.4900 0.0201
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Share user-created dashboards with colleagues

11507  2020-10-07715:59:59.998 316,635 5,659,969,509 0.0800 007 1.8950 0.0167

R

Big Studio

SPY Quotes / Min
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Python Studio

Oct7,2020

Summary QQQ-SPY Ratio

sym  NowPrice

Low
DDD
RF

RCUS

168.88
6.45
12.76
7.82
847
341
277
16.90
20.20
3175
19.05
49.46
12.62
19.77
264.76
51.69
20.60
15.70
534.00
17.74
10.17
0.83
15.98

Code Studio >

13:00

Big Names

0.7728
02033
0.1870
0.1124
0.1057
0.0929
0.0864
0.0751
0.0722
0.0690
0.0666
0.0653
0.0650
0.0612
0.0606
0.0571
0.0570
0.0565
0.0559
0.0544
0.0542
0.0529
0.0527

hourData

PercChange  TradeCount

22,745
66,647
24,401
19,572
32,073
19,200
20,858
54,131

8318
12,147

3,048
13,363
25,585
39,145
13,656

7425
23,506
27,433
75,247
23,778
17,272
12,901
70,831

@ New

14:00

plot
Shares

2,459,743
22,002,272
6,338,575
5,323,685
10,739,857
8,012,260
14,641,466
18,900,187
1,225,704
1,610,677
506,866
1,398,617
6,423,151
7,787,833
1,151,954
692,840
4,291,369
6,252,125
4,211,877
4,563,942
6,492,760
13,689,776
20,336,446

o& Controls

3

15:00

Dollars

414,838,483
136,807,872
80,337,185
41,594,848
90,068,298
27,230,572
40,327,652
317,592,628
24,646,051
50,704,313
9,596,183
68,592,216
80,567,131
153,802,775
303,577,217
35,720,071
88,247,441
99,110,140
2,247,512,944
81,397,728
66,511,584
11,132,090
323,600,336

0.28%
0.09%
(XL
0.03%
0.06%
0.02%
0.03%
0.22%
0.02%
0.03%
0.01%
0.05%
0.05%
0.10%
0.21%
0.02%
0.06%
0.07%
153%
0.06%
0.05%
0.01%
0.22%

16:00

95.26
5.36
10.75
7.03
7.66
312
255
15.72
18.84
29.70
17.86
46.43
11.85
18.63
249.64
48.90
19.49
14.86
505.73
16.83
9.65
0.79
15.18

Panels @ Sharing &

deephaven.io



Deephaven pursuits

Opportunities for STAC community

Platforms

Turnkey data software solutions for high-end use
cases. A capital markets ecosystem of ready data and
software.

Compatible wire formats

Project Barrage for real-time data

Pete Goddard
pgoddard@deephaven.io



DEEPHAVEN
Data Labs

y . X " . o b e L M oy e e
11eS « L e b M o Ivw s ou wen
Swmn ou wes
fuch + e poesc) T i MARE e
ot ey B T )
St SR Gtcaon « se.comnnnl'at, Sanet) i obob o ooy
B st R NE B ey D we
et : s s st (e ) s DD AT we

aseth, i ; £ =

P owmes o we

s+ 0. e, “tanieant) s e e oA

112 < A, At

et - o LR ladanca” " vt o) s Tt ene® e - Grreatsteart)
frehs < e Vi O AR DI M
e wuen  nsou ae
VAR + ek, resrsel Lot Ve, “Vpn) by et e B
Sk s x iastaant e o cossing et B o
SRR 15 3110 romisn = ) IR
i men  mou wes

o

[ ————

e oo
G v s 8 S D aon o e
A S Ml

e moan e

s - b1 T moon men  mou s
S ; 3 X e msses i e

o | N : e
i i et rcti o

P e mo et

ardat wbece(TaTrain). et Band « Woth. randon( ). sartand*)drapcatones(Hasd
ST salen e TN

Senrning e < 60
it
-

o

A33RNREFEE)

Leec(ar. lowadz, (weom, 38, 10
Pt

it
v rdon_roreel 3], sube b1
B © T A AMAC e runden.rormal{ 60, 18] reskev-0,83), memes M)

e o 081, stedeV43), eumen' et




