Demo: Pyrrho DBMS and concurrency
Malcolm Crowe, 25 Oct 2022

This demo is updated from a tutorial at DBKDA 2021.
We look in detail at Pyrrho’s Commit() method for a transaction, and the detection of conflicts.

At the start of Transaction Commit, there is a validation check, to ensure that the transaction still fits
on the current shared state of the database, that is, that we have no conflict with transaction that
committed since our transaction started.

If that is the case, we can relocate all our proposed changes to come after the committed transactions.

The tests for write-write conflicts involve comparing our list of physicals with those of the other
transactions. For checking read-write conflicts, we collect “read constraints” when we are making
Cursors.

Part 1: Setting up the demo

Use Visual Studio to open the solution in Pyrrho’s src\Shared folder. In the Solution properties,
under Debug>Command Line Arguments, enter -d: followed by a suitable database folder such as
\DATA. The folder should not contain a file t10. (The command windows are coloured for clarity in
these notes: you don’t need to colour your windows.)
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This folder is empty.
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Also ensure that in the Debug>Options.. window,
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the checkbox Step over properties and operators (managed only) is checked. Click OK.

Click Start.
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In the pop-up command window, hit the enter key to start up the server:
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Minimise the pop-up command window.

At this point ensure there is no database t10 in the

nominated folder.

The command we want to run in both windows is the
same: PyrrhoCmd t10. Once we do one of them, the

§° master 4 Shared ~

DBMS immediately creates the database as we have

seen in demo 1.

PyrrhoCmd t1e
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From now on, the folder window can be hidden (it does not change).
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In the blue window, let us create a table (it is called RDC because we will demonstrate read-write
conflicts), by giving the following commands:

create table RDC(A int prima

ry key,B char)



insert into RDC values(42,'Life, the Universe')
insert into RDC values(52, 'Weeks in the year')

table RDC
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C:\PyrrhoDBTE8\Pyrrho>Pyrrholmd t18

SQL> create table RDC{A int primary key B char)
SQL> insert into RDC values(42, 'Life, the Universe')
1 records affected in tlé@

SQL> insert into RDC values(52 'Weeks in the year')
1 records affected in t18

SQL> table RDC
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|52 |Weeks in the year |
| |=|[——
sQL= |

That has all been committed, because we are running in auto-commit mode, so the green window
will pick it up. It is also running in auto-commit mode, so a new command starts a new transaction,

and it will check the current state of the database.
table RDC
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C:\PyrrhoDB78\Pyrrho>Pyrrholed t18 {c) Microsoft Corporation. All rights reserved.
SQL> create table RDC(A int primary key,B char)
SQL> insert into ROC values(42 'Life, the Universe') C:\Users\Malcolm>cd \pyrrhodb78%\pyrrho
1 records affected in tl18
SQL> insert into RDC values(52, 'Weeks in the year') C:\PyrrhoDB78\Pyrrho=Pyrrholmd t18

1 records affected in t18 SQL> table RDC « Sys...
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|42|Life, the Universe| |52 |Weeks in the year |
|52|Weeks in the year | —_—————
=

SQL=

This completes the set up for this demo. We will repeat this part of the demo later.

Part 2: A Write-write conflict
Now we start an explicit transaction in the blue window.

begin transaction

r
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SQL> insert into ROC values(42,'Life, the Universe')

1 records affected in t18 \Users\Malcole>cd \pyrrhodb78\pyrrho

SQL> insert into RDC values(52 "Weeks in the year')
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SQL-T>|

If we just relied on auto-commit mode it is very difficult to synchronise an overlap of transactions.

For a demo, it works very well to use explicit transactions.



Notice that in an explicit transaction the prompt changes to SQL-T>. As long as the transaction is
running, we will get these prompts. When the transaction is over, either because of commit, or
rollback, or because we have done something wrong, it will go back to SQL>.

We will request conflicting changes to table RDC in these two clients. In the blue window, let’s
“delete from RDC where A=42", to delete the first row.

delete from RDC where A=42
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SQL> insert into RDC values{42 'Life, the Universe')
1 records affected in t18

SQL> insert into RDC walues(52,'Weeks in the year')
1 records affected in t18
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That’s in a transaction, so nothing has been written to disk yet.

In the green window, we are still in auto-commit mode and we are going to make an update to the

same row, which will be committed straightaway to disk.

update RDC set B='The answer to the ultimate question' where A=42

This should make the blue window unable to commit its transaction because of the conflict.

B Command Prompt { 1 t10 — [m]

SQL> insert intoc RDC values{42 'Life  the Universe'}
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SQL> begin transaction
SQL-T>delete from RDC where A=42
1 records in transaction t18
SQL-T>
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SQL> update RDC set B="The answer to the ultimate question' where A=42
1 records affected in tl8

sQL> |

In order to see what happens, let us set a breakpoint in the debugger. In Solution Explorer, in the
Level3 folder, locate file Transaction.cs and double-click.
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Click the mouse in the left margin to set a break point at line 179 of the Transaction.cs file.
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[39 @ 19:17]

(autoCommit || (cx.rdC.Count — @ && (cx.db as Transaction)?.etags = null))

/{ check for the case of an ad-hoc user that does not need to commit
if (physicals.Count == 1L && physicals.First().value() is PUser)

for (var b = cx.deferred.First(); b I= null; b = b.Next())
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Then when we issue the commit command in the blue window,

commit

Visual Studio stops at the breakpoint.
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// check for the case of an ad-hoc user that does not need to commit
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[41 @ 19:33]

Let’s look at the physicals. physicals is the list of Physical records that the Transaction wishes to
commit, and it’s just the single Physical record to delete row 112 in the database which is “Life, the
Universe”.

[42 @ 19:50]

Also look at cx.rdS?, which is to do with the ReadConstraints for this particular Transaction. In this
version of Pyrrho, it is currently empty because we have not performed any selects.

[43 @ 20:12]

Step Over a few times to get to line 198.

1 The illustration shows rdC instead. We will see in the next section that we really want rdS here.
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The validation step will use the up-to-date copy of the database, as it was left by the green window.
We also open a Reader and a Writer: a Reader to look at this database, specifically at the records that
have been committed since the start of our Transaction; and a Writer, where we will prepare the
records that we (blue window) are going to add to the database if our validation succeeds.

These are not shareable and are subject to locking protocols. They also work on the same FileStream.
(Transaction Commit() repeats the validation step after the locking the FilleStream.)

[44 @ 20:27]

Step Over to line203, just after a line saying “since=rdr.GetAll();” This gets the records that have
been committed to the database since the start of our transaction.
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Use the Watch window to examine since.
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f@-o | n-sEB@|Y - | Pcontinue- G- [BE N MOV Y 2T E D &lveshre &
Process: |[0x3064] PyrrhoSvr.exe v| 71 Lifecycle Events = Thread: |[0x23C0]T'I -| [ B :
Transaction.cs + > [LAUATRTS Fo .
PY"hOSW - O%Pyrrho.LeveIS.'l'ransaction - Q'QCommit(Context cx) - o NE' | Y{B . "
299 var wr = new Writer(new Contexti{db), rdb—F.il.;s[n.;.lle]); — N
2088 wr.cx.nextHeap = cx.nextHeap; // preserve Compiled objects framing i _»l Search Solution EXp|DI’ p|'
201 var tb = physicals.First(); // start of the work we want to commit b v C# QueryClas ~
2a2 var since = rdr.GetAll(); H .
o 2035 Physical ph = null; " p «C#® Role.cs
204 = for (var pb = since.First(); pb != null; pb = pb.Next()) I b wC# Tablecs
285 i )
= © Noissuesfound 1 @ M b v C# TableColu
— I} Copy Ctrl+C c# Transactio
Watch 1 Paste Crl+V C# Trigger.cs
(i .| e c -~ [ # 2
Search (Ctrl+E) P| | Search Depth: | o ?._ﬂ Edit Value C# User.cs
C# Value.cs
Name Value | Copy Value | .
v o physicals {(10=Delete Record 112[23])} = Md“-r - c# View.cs
b &) oxrdC {1 Watc Leveld .
ce OB E T TR I S0 Add Parallel Watch N
)éé Delete Watch —
ed - 1

[45 @ 21:23]

Right-click and copy the value into a Notepad. Add a little extra white space to make it more
readable.

t  View Gt Proj g *Untitled - Notepad — [
Help

9~ B | o 3 File Edit WView

064] PyrrhoSvr.exe . .
{(@=PTransaction for 1 Role=-582 User=-501 Time=25/10/2022 08:20:57,

m h=update 112[23]: 71=The answer to the ultimate question Prev:112)}
B X

var wr = new |
wr. cx.nextHea)
var th = phys!
var since = @
Physical ph =|
for (var pb =

i

& Mo issues found

Ln 2, Caol 3 Windows (CRLF)

Value Type -
5 {{!0=Delete Record 112[23]1} Pyrrho.Commaon.B...
1 Pyrrho.Common.C...

{(0=PTransaction for 1 Role=-502 User=-501 Time=25/10/2022 0... Pyrrho.Common.B... +
|

We can see we have got the transaction marker and the update that the green window has made.

We have just (at line 201) set tb = physicals.First(), a bookmark for the first physical item that our
transaction is wanting to commit. We will check our physicals with anything that has happened since
the start of our transaction.

Set a breakpoint at line 237.



File  Edit View Git Project Build Debug Test Analyze Tools  Extensions PyrrhoSvr _ 0 %
Window  Help

® - |I:|'ﬁ|r/"'\->"|bContinuevgvlmlﬁ
= Process: |[0x3064] PyrrhoSvr.exe

nmJld et E & LiveShare &7

~| £ Lifecycle Events ~ Thread: | [0x23C0] T!

Transaction.cs + X sty Solution Explorer

-IaféPyrrho.LeveB.Transaction vl@'oCommit(Context ox) o ‘dq | Y@ -

L " Search Solution Explor yel

for (var b = tb; b != null; b = b.Next()) b v C# QueryClas «
: 5

var p = b.value(); P «wC# Role.cs
s T
if (cel=null) ’

s b v C# TableColu
P« C# Transactio
Watch 1 b wC# Trigger.cs
Search (Ctrl+E) “ — Search Depth: | M 15 b vC# Useres

P v Valuecs
b w8 View.cs

@ No issues found f 4 Ln: 201 Ch:19  MI¥ED  CRLF

Mame Value Type

3 57" physicals {(l0=Delete Record 112[23])} Pyrrho.Common.B..
b &) ourdS i Pyrrho.Common.C... b ED Leveld
b since {(0=PTransaction for 1 Role=-502 User=-301 Time=25/10/2022 0... Pyrrho.Common.B.. + o '

[] Ready

Click Continue

File Edit View Git Project Build Debug Test Analyze Tools .., 0O PyrrhoSvr _ o X
Extensions  Window Help

fo-o|d-m @9 - .1
Transaction.cs + X ESULENY

G DurrehaGurr U Db | el TesAEarFiAn

[47 @ 21:41]

A O cammitiCantavt A AR ST "

The first time we hit this particular line, ph is the transaction record, as we can see in the Watch
window,

@ Mo issues found 3 Ln: 237  Ch: 21 MIXED CRLF .
b« C# Transactio

Watch 1 b wC# Trigger.cs

Search (Ctrl+E) Pl=| «  Search Depth: | n ?-_TI

Name Value Type

b wC# Usercs
P wC® Valuecs
b

«C# View.cs

b &2 cxrdS i Pyrrho.Commen.C...
b 2 since {{0=PTransaction for 1 Role=-502 User=-501 Time=25/10/2022 0... Pyrrho.Common.B... ! B0 Leveld _

b 2 ph {PTransaction for 1 Role=-502 User=-501 Time=25/10/2022 0%:18... Pyrrho.Level2.Physi... «

which is not very interesting.

Click Continue



File  Edit View Git Project Build Debug Test Analyze Tools  Extensions PyrthaSvr _ 0 %

Window  Help
i@ - |Dvi'?|“'/'v'\'”v|PContinuev6'|ﬁ|E|=;§|]|].O|\|’*‘?‘T| & LiveShare  BY
# Process: | [0x628C] PyrihoSvr.exe ~| £ Lifecycle Events - Thread: |[0x6F5C] T1 - P z

Transaction.cs = X [UUESG Solution Explorer = I X

|| % Pyrrho.Level3. Transaction || 5 Commit{Context cx) AR | ® -

-Eor (var b = tb; b != null; b = b.Next(]) . Search Solution Explor p|,

war p = b.value(); b v CH# QueryClas
par ce = ph.Conflicts(rdr.context.db, cx, p, ptl; QueryCla:
IF (cel=null]) b ~C# Role.cs

i . P ~C® Table.cs
cx.woonflicts#+;
T R P« C# TableColu
@ No issues found ¥~ Ln: 237 Ch: 21 MIXED  CRLF .
b« C# Transactio

Watch 1 b« C# Trigger.cs

Search (Ctrl+E) A|-| « — Search Depth: | ! ?__;I b wC# Usercs
b wC# Valuecs

b wC# View.cs

MName Value Type

b &) oordsS i Pyrrho.Commen.C...
b2 since {(0=PTransaction for 1 Role=-502 User=-501 Time=25,/10/2022 0... Pyrrho.Commeon.B... b Leveld
b 2 ph {Update 112[23]: 71=The answer to the ultimate question Prewv:1... Pyrrho.Level2 Physi... + o .

File  Edit View Git Project Build Debug Test Analyze Tools  Extensions PyrrhaSvr _ 0 %
Window  Help

® - | Dvi'?|“'/'v'\'>‘v| bContinuevd'|.5|ﬁ;Eg mnm O|\|¢ B o |>n’=-:“
 Process: |[0x6?_3C] PyrrhoSvr.exe v| 71 Lifecycle Events = Thread: |[Dx6F5C]T1

- |& Live Share &

Transaction.cs PyrrhoSvr

Update.cs im X g
PyrrhoSvr ~|| % Pyrrho Level2.Update ~|| [ Conflicts(Database db, Context cx, Phy ~
L]

Solution Explorer ~ 1 X

R e -

=T - A
79 base.Deserialise(rdr); .
s " } Search Solution Explor P|v
#
Bt E— public override DBException Conflicts(Database db, Context cx, Physical that, PTransaction ct) b v C# QueryClas &
o> | b~ C# Rolecs

switch{that.type)
| 1

@ Mo issues found

b ~C# Table.cs
b+~ C# TableColu
:
b« C# Transactio
Watch 1 b C# Trigger.cs
Search (Ctrl+E) Pl=| « — Search Depth: | ! ?._q b ~C# Useres
b~ C# Valuecs
b v C® View.cs
b EJ Leveld

fo o oo
= =]
I

rase Tune Nran:

¥~ 4 L4 Ln: 82 Ch:9  MIXED CRLF

4

Mame Value

b &2 ocrdsS ] Pyrrho.Common.C...

b ) since {(0=PTransaction for 1 Role=-302 User=-301 Time=25/10/202... 1) Pyrrho.Common.B...

b 2 ph {Update 112[23]: 71=The answer to the ultimate question Pre... ) Pyrrho.Level2. Physi... w

I® master 4 Shared «

[49 @22.04]

Click StepOver: stop at line 99, where our Delete is tested against their update:

File  Edit View Git Project Build Debug Test Analyze Tools  Extensions Search.. 0 PyrthoSvr _ 0 %
Window  Help
' & LiveShare &Y

® ~ | D.ﬂ|“’/v'\3‘v| bContinuevd'|ﬁlﬁ;gégﬂﬂ .U|\|¢ Yo i |>§‘;
" Process: |[Ox628(] PyrrhoSvr.exe v| 71 Lifecycle Events ~ Thread: |[0x6F5C]T'I v| F A :

Transaction.cs PyrrhoSvr IEEETNSE W ~ #  Solution Explorer ~ 1 X
-I&"’@Pyrrho.levell.Update ’ 'IB Conflicts(Database db, Context cx, Phy vl% o | o -

} .
case Type.Delete: Search Solution Explor P|'

case Type.Deletel: - I wCH Querycla! -
i

var de = (Delete)that; P «~C# Rolecs

v if [m.% B~ C® Tablecs
1 t, ct);
= 2 de |{Delete Record 112[23]} -0 L P B« C# TableColu

@ No issues found il [ » Ln:99 Ch:25 MIXED  CRLF

P« C# Transactio
Watch 1 X b wC8 Trigger.cs

Search (Ctrl+E) P|~| « — Search Depth: B wC# Usercs

MName Value Tune - P v C# Valuecs

and since these both are for the same defining position 112, we will raise an exception.



Window  Help

>

File Edit View Git Project Build Debug Test Analyze Tools Extensions

® - - B8 - pcontiue- - | BIEH inmO| L ¥l

rocess: | [0x628C] PyrrhoSvr.exe

Lifecycle Events ~ Thread: |[Ox6F5C]T‘I

Transaction.cs PyrrhoSvr

94 H

95 case Type.Delete:

96 case Type.Deletel:

97 Y= i

98 var de = (Deletelthat;

if (de.delpos == defpos)
return new DBException(®"48829", defpes, that, ct);

[ S ey S T Ry P T R T LY

74 % -| & @ Mo issues found

Watch 1

Search (Ctrl+E) Search Depth: T g

MName Value Type
b & oordS N Pyrrho.Common.C...

-

3 since {{0=PTransaction for 1 Role=-502 User=-501 Time=25/10/202... {) Pyrrho.Common.B...
{Update 112[23]: 71=The answer to the ultimate question Pre.. {) Pyrrho.Level2.Phy:

[51 @ 22:35]

Click Continue twice, and we get the resulting message in the blue window:

r

E® Command Prompt (Blue) - pyrthocmd 10 - O X |Prompt (Green)

leolm=cd \pyrrhodb78\pyrrho

7e\Pyrrho>pyrrhocnd 116
RDC

|
|42|Life, the Universe| |
|52|Weeks in the year | |
he Universe|
n the year |

1 records in transaction t18

(AL Wl ~ #  Solution Explorer ~ 1 X
| -

O X

|& Live Share &

Search Solution Explor p|'

& 4 2 Ln: 100 Ch: 29

-

v T T v v v v v

b EJ Leveld

# Shared «

« C# QueryCla: ~
v C# Role.cs

« C# Table.cs

v C# TableColu
v C# Transactio
w C# Trigger.cs

v C# User.cs

v % Value.cs

v C8 View.cs

o

sQL- it RDC set B="The answer to the ultimate question' where A=42

Transaction conflict: Record 112 has just been updated ffected in t10
S

File Edit View Git Project Build Debug Test Analyze Tools  Extensions

Window  Help
E:E@' 'B'? - - Continue-dv.aﬁ;
= Process: |[0x623C] PyrrhoSvr.exe v| Lifecycle Events ~ Thread:

mo

Transaction.cs & X [§

v||d""oPyrrho.LeveB.Transaction v||9° Commit{Context cx)

= for (var b = tb; b [= null; b = b.Rext(JJ

var p = b.value();

ar ce = ph.Conflicts(rdr.context.db, cx, p, pt);]

= if (cel=null)

i
cx_ woonflicts++;
throw ce;
@ Mo issues found &~ ] » Ln: 241 Ch: 25
Search (Ctrl+E) Pl Search Depth:

We see that we get a complaint back in the blue window that record 112 has just been

transaction has been rolled back, as we see from the prompt.

That completes the first experiment that we want to do in this demonstration.

[53 @ 23:01]

D o

& LiveShare &Y

Search Solution Explor p|'

4

4
3
4
3
3
3
3
4

E1 Leveld

v €8 QueryClas
« C# Rolexcs

v C# Table.cs

v C# TableColu

« C# Transactio
v C# Trigger.cs

w C# Usercs

v €% Value.cs

v C# View.cs

v

updated. The




Part 3: A Read-Write Transaction

Stop the server, stop the programs in both command windows with control-C, delete the database
t10, restart the server, and recreate the database as in part 1 above, so that we have the same

situation as slide 35.

[54 @ 23:18]

C:\PyrrhoDBT8\PyrTho=pyrrhoced t16

SQL> create table RDC(A int primary key B char)
SQL> insert into RDC values(42, 'Life, the Universe')
1 records affected in t18

SQL> insert into RDC values(52, 'Weeks in the year')
1 records affected in t18

SQL> table RDC

1—I

|a |e

1—I

|42|Life, the Universe|

|52|wWeeks in the year |

l——

SQL=

SQL> update RDC set B="The answer to the ultimate question’ where A=42
1 records affected in t1@

SQL> *C
C:\PyrrheDB7@\Pyrrho>pyrrhocmd t18
SQL> table RDC

|42 |Life, the Universe
|52 |weeks in the year
f=l—————
S0L=

This time, when we start an explicit transaction in the blue window, instead of deleting something,
we are going to select a single row from the RDC table, and we stick with A=42 again.

begin transaction
select * from RDC where A=42

EM Command Prompt (Blue) - pyrrhocmd £10

SQL> table RDC
|——
|a |e |
I—I |
|92|Life, the Universe|
|52|weeks in the year |
I
begin transaction
SQL-T=select = from RDC where A=42
|——
|a |8 |
|——
|
|

|42|Life, the Universe

[55 @ 23:33]

RDC set B="The answer to the ultimate question' where A=42
ffected in t1@

7e\Pyrrho>pyrrhocmd 16
RDC

he Universe
n the year

Just as before, the green window makes an update to the same row,

update RDC set B='The product of 6 and 9' where A=42

which is auto-committed. For the reasons explained earlier, we expect that the blue window will

now be unable to commit.

SQL> table ROC

| ol e |
|a |8 |
[F={f————
|42|Life, the Universe|
|52 |Weeks in the year |
l—l—
S0L> begin transaction
SQL-T>select » from ROC where A=42
1—I |
|a |8 |
|——F
|42|Life, the Universe|
= {f—————|
SQL-T>

[56 @ 23:48]

1 records affected in t10
5QL> "C
C:\PyrrhoDB78\Pyrrho>pyrrhocmd t18
SQL> table RDC
——
[a |8 |
—
|

|42 |Life, the Universe

|52 |weeks in the year |

=

SQL> update RDC set B='The product of 6 and 9' where A=42
1 records affected in t10

sQL>

Add or restore the break point in the Transaction.Commit() method.



File Edit View Git Project Bulld Debug Test Analyze Tools  Extensions PyrrhoSvr _ o %
Window  Help

® - - B% [E B - - Continue ~ ¢ ~ | B8 | B3
Navigate Forward (Ctrl+Shift+-)
I

nmmeo

& Live Share &

Proces: Lifecycle Events = Thread:

Transaction.cs + X Lalilans Update.cs #m 2 w # Sglution Explorer = 1 3

[ PyrrhoSur v||¢'°¢Pyrrho.LeveB.Transaction v||E"¢Commit[Contextcx] £ o - "

if (ex == null) s [l Search Solution Explor P|'
return Rollback();

if (physicals = Blree<long, Physical>.Empty && P wC# QueryClas =
(autoCommit || (cx.rdC.Count = 8 && (cx.db as Transaction)?.etags = null)) b wC# Role.cs
return Rollback();

// check for the case of an ad-hoc user that does not need to commit b v C#® Table.cs

if (physicals.Count == 1L && physicals.First().value() is PUser) s b it TableColu

74% |4 @ Noissues found v 4 b Lm179  Ch:13  MIXED  CRLF

Watch 1

P« C# Transactio
I w C# Trigger.cs
Search (Ctrl+E) Search Depth: b~ C# Usercs
P wC# Valuecs
P v C® View.cs
b B Leveld

@ shred = 0
[57 @ 23:25]

and in the blue window,

commit

On the commit command, we hit the break point.

EM Command Prompt (Blue) - pyrrhoemd 10 = (m] X Prompt (Green} - pyrhocmd 10 = O 4

||~ f—————
|a |8 |
1—I |
|42|Life, the Universe|
|52 |Weeks in the year |

|

|
SQL> begin transaction |
|

ffected in t16

78\Pyrrho>pyrrhocmd t16
RDC

SQL-T=select # from RDC where A=U42 w
| he Universe|
| n the year |
S —
the Unix
e Universe| RDC set B="The product of 6 and 9' where A=42
ffected in t10

File Edit View Git Project Build Debug Test Analyze Tools  Extensions PyrrhoSvr _ 0 %
Window  Help
@® - -2 B E -G | pContiue~ - | B EinmO| LY el |El & LiveShare &7

rOCEss: |[0x2220] PyrrhoSvr.exe v| Lifecycle Events = Thread: |[0x339C]T'I v| F "

Transaction.cs & > [LILaaTy Update.cs 3 >

[ PyrrhoSvr v||d"&Pyrrho.LeveIB.Transaction v”f‘:“'eCommit(Contextcx] -|+ gl e -
i

176
Search Solution Explor 40|'|

177 if (cx == null)
X return Rollback();
b v C# QueryClas =
v C# Role.cs

@ fif (physicals = BTree<long, Physical>.Empty && |
[ (autoCommit || (cx.rdC.Count == 8 && (cx.db as Transaction)?.etags == nuilJJJ
v CH Table.cs
« C# TableColu

return Rollback();
v C# Transactio

/{ check for the case of an ad-hoc user that does not need to commit
if (physicals.Count == 1L && physicals.First{}.value() is PlUser)
&5 @ Mo issues found 2 4 » Ln: 179 Ch:13 MIXED  CRLF

w C# Usercs

Search (Ctrl+E) A~ Search Depth: m i

MName Value Type

b o physicals i Pyrrho.Common.B...
> & aurdS 1(23=(112=True))} Pyrrho.Common.C... B Leveld
b 62 since null Pyrrho.Common.B.. 0 ;

b

b

4

b

b~ C# Trigger.cs
4

b v C# Valuecs
b

v T8 View.cs

|:| Ready Tl 2/0 - 2 99+ 2—" master « 4 Shared = o

[58 @ 24:03]

In the Watch window, we can see that this time the physicals list for the blue window is empty, but it
has a readConstraint in rdS, for table 23 and the single record 112 that it has read. (We haven’t fetched



since yet.) If you also look at cx.rdC, you will see that it tells us that both columns 31 and 71 have been
read.

File Edit View Git Project Build Debug Test Analyze Tools  Extensions PyrrhoSvr _ =] w

[ Window | Help
f@-0 | g-2BE Y- [ PContne- G- BRI BRO|L YT E

& Live Share &

i Process: | [0x2220] PyrrhoSvr.exe ~| 5 Lifecycle Events - Thread: [[0x339C] T1 ~| P g :

Transaction.cs + X [l Update.cs Solution Explorer
- i - i - = | T oo
Pyrr::S\fr . q"qP},l'rrho.LE\.reB.Transactlon S5 Commit(Context ox) 0 o | © -
177 if (ex == null) Search Solution Explor P|'
178 return Rollback();
=] 179§ fif (physicals == BTree<long, Physical>.Empty && | P wC# QueryClas «
188 [ (autoCommit || (cx.rdC.Count = @ &G (cx.db as Transaction)?.etags == nullJ]]| b wCH Rolecs
181 return Rollback(); '
182 /{ check for the case of an ad-hoc user that does not need to commit P v C# Table.cs
183 if (physicals.Count == LL && physicals.First().value() is PUser) P wCi TableColu
@ No issues found ¥ - 4 b Lm179  Chi13  MIXED  CRLF

P« C# Transactio
P w C# Trigger.cs

Watch 1

Search (Ctrl+E) P|v| <~ — Search Depth: | et ?__;I b wc# Usercs
Mame Value Type - b wcs V.alue.cs
3 @ since null Pyrrho.Commeon.B... b wC# View.cs
h null Pyrrho.Level2.Physi... b D Leveld =
2 p V! Y : :

b & cxrdC

{(31=True, 71=True)}

Pyrrho.Common.C... «

§° master « 4 Shared =

[60 @ 24:31]

Since rdS is not empty, let’s put a break point at line 212:

File Edit View Git Project Build Debug Test Analyze Tools  Extensions PyrthoSvr _ 0 w

Hep
P @ ||:|-E'?|"'/'v'\'”v|PContinuev6v|ﬁ|E|
i Process: |[0x?_220] PyrrhoSvr.exe

nmGlLial|s
+| 7 Lifecycle Events ~ Thread: |[0x339C] T1

& Live Share &Y

Transaction.cs & X [ty Update.cs > #  Splution Explorer
[ PyrrhoSvr ~|| % Pyrrho.Level3. Transaction ~ || 5 Commit{Context cx) ME o o | © - "
289 | pt = (PTransaction)ph; -~
218 = if (cx.rdS[ph._Table] is CTree<long, bool® ct) " Search Solution Bxplor p|'
211 f
e 2| b vC# QueryCla: «
213 i R P« C# Role.cs
214 cx.roonflicts++;
215 throw new DBException("4888", ph._Table); P ~C# Table.cs
' b v C# TableColu
74 % ~| &7 @ Mo issues found W - 4 13 Ln: 179 Ch: 13 MIXED CRLF

b« C# Transactic
b ~C# Trigger.cs
b v C# Usercs
b ~C#® Valuecs
b wC# View.cs

Watch 1

Search (Ctrl+E) Pl-| « — search Depth:

MName Value Type o
& ph null Pyrrho.Level2. Physi...

b &) crdC {(31=True, 71=True)} Pyrrho.Common.C... b EJ Leveld

Add item to watch o —— .

@ Shared « [

and click Continue to reach this point:



File Edit View Git Project Build Debug Test Analyze Tools  Extensions PyrthoSvr _ =] %
Window  Help

@-0 | p-2BBaE|Y - | PContinue- F-| B EinEO|L YT =
: Process: |[Ox2?_20] PyrrhoSvr.exe v| 71 Lifecycle Events ~ Thread: |[0x339C]T“| v| F [ "

& Live Share &/

Transaction.cs & > Rty Update.cs Solution Explorer = I 3

vla"’@Pyrrho.LeveIi.'I'ransaction vl@'@Commit(Context ox) 0o ‘dq | Y@ -

pt = (PTransaction)ph;

if (cx.rdS[ph._Table] is CTree<long, bool> ct) - Search Solution Explor P|'
£

» F w C# QueryClas
vt [{(112=True)} 0 »C# Rolecs
. T

throw new DEException("4888", ph._Table); «C# Table.cs
. ! w w C# TableColu

@ No issues found ¥ 1 Ln: 212 Ch:21  MIXED  CRLF .
« C# Transactio

Watch 1 s ~C# Trigger.cs

Search (Ctrl+E) Pl-| « — Search Depth: T g v C# Usercs

€% Value.cs

MName Value Type )

» & ph {Update 112[23]: 71=The product of 6 and 9 Prev:112} Pyrrho.Level2. Physi... v C# View.cs
L4 @ ax.rdC 1(31=True, 71=True)} Pyrrho.Common.C... BT Leveld
Add item to watch o —— .

File  Edit View Git Project Build Debug Test Analyze Tools  Extensions PyrrhoSr _ =] %
Window  Help

@ - | D'H"’|z/"\}"| bContiHUEvdv|ﬁ|ﬁ;§§ﬂﬂ .O|\|, Yo T|
-| £ Lifecycle Events - Thread: [[13212] T1

& LiveShare &/

Process: | [8736] PyrrhoSvr.exe

Transaction.cs & 3 QRGN Update.cs Solution Explorer ~ 1 X

~|| % Pyrrho.Level3. Transaction ~ || €5 Commit(Context cx) 0 o | -
if (ct.Contains(-1L)

Search Solution Explor p|'

cx.roonflicts++;
throw new DEException("4888", ph._Table); b v C# QueryCla: =

P «~C# Rolecs

1
v if (ct.Contains(ph i i i
{ » @ ph |{Update 112[23]: T1=The product of § and 9 Prew:112} 101 P v C# Table.cs

cx.reonflictse b« C# TableColu
@ Mo issues found ‘Q"v a4 13 Lm: 217 Ch: 21 MIXED .
b wc# Transactio

Watch 1 X b w C# Trigger.cs
Search (Ctrl+E) Pl=| « - SearchDepth: b v Usercs
b Value.cs

P wC# View.cs

Name Value Type
v 2 ph {Update 112[23]: T1=The product of & and 9 Prev:112} Pyrrho.Level2.Physi...
b &2 ordC {(31=True, 71=True)} Pyrrho.Common.C... D £ Leveld ) v

Add item to watch 4 3

where we see that the green window’s update is for the same row. Step into the Conflicts call, which
receives the list of columns we have read:

File Edit View Git Project Build Debug Test Analyze Tools  Extensions PyrrhoSvr _ O %
Window  Help

® - | D'ﬁ|t}---\'ﬂ-| bContinuevd'|ﬁ|§|;égé i m Q|\], ‘l’ [ 'I |,",‘“‘
: ~| 7 Lifecycle Events - Thread: 132121 T1 <

|4 Live Share E

rocess | [8736] PyrrhoSvr.exe

Transaction.cs y i Update.cs i X g Solution Explorer ~ I X
[ PyrrhoSwvr - %Pyrrho.Le\reIZ.Update ~|| () Conflicts(CTree<long, bool> t, PTransa ~ 0o ‘E | Y@ -
161 H—I »l public override DBException Conflicts({Tree<long, bool> t,PTransaction ct) =
162 1 [ @t [{(31=True T1=True)} 0| Search Solution Explor P[~
163 for (var b = t.First(); b != null; b = b.Next()) b " Clas =
1564 if (¥ields.Contains(b.key())) v C# QueryClas
165 return new DBException("u4B886",b.key(), this,ct) . Mix(); +C# Rolecs

return null;
' «C# Table.cs

]

3

b wC# TableColu
b« C# Transactio
P
[
3
I

@ Noissues found @" - Ln: 162 Ch: 9 MIXED CRLF

Watch 1

Search (Ctrl+E) Pl+| - Search Depth: | g

Mame Value Type -
(=] ph {Update 112[23]: 71=The product of 6 and 9 Prev:112} U Pyrrho.Level2.Physi...
b &0 oxrdC 1(31=True, 71=True)} {0 Pyrrho.Common.C...
Add item to watch

« C# Trigger.cs

v C# User.cs

~C# Valuecs

v 1 View.cs
B EJ Leveld

Tl 2/0 « 90+ 3® master «




[64 @ 25:28]

and the exception is raised, terminating the blue transaction (click Continue twice).

|a |s ffected in t10
=f————————
|42|Life, the Universe|
T@\Pyrrho>pyrr!
|52|HEEI<; in the year | ;$ BOSE [eard (e
= f————
SQL> begin transaction
SQL-T>select * from RDC where A=142

| -
I he Universe
: n the year

|#2|Life, the Universe
- l—
SOL—T>commit
Transaction conflict: column 71
sQL> |

RDC set B="The product of 6 and 9' where A=42
ffected in t18

This completes the demostration of a read-write conflict.
[Ends]

As an extra (optional) experiment, we can show that read-write conflicts operate at the row level by
using different rows. We can continue in the current state, or repeat the setting up stage. In the blue
window:

begin transaction
select * from RDC where A=52

We can check that selects and updates even for the same row will not conflict if the columns
affected are different.

These tests are left for you as an exercise.



