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One model to rule them all.



There I1s no state.



There I1s no state.

Thread

atomic {

Two kinds of logs

Thread

atomic {




Inere Is no state.

tx Ci1, O1 tx C2, 02
L1 Lo

<m1,‘01,01,|1> <m2,‘02,02,|2>




Inere Is no state.

tx Ci1, O1 tx C2, 02
L1 Lo

<m1,‘(f1701,|1> <m2,‘02,02,|2>

Parameterized by predicate allowed




Inere Is no state.

tx Ci1, O1
L1 Thread

<m1, ‘(71, o1, |1> Closed under log prefix

Parameterized by predicate allowed




Inere Is no state.

tx Ci1, O1
L1 Thread

<m1, ‘(71, o1, |1> Closed under log prefix

Parameterized by preaicate allowed

Log Equality



Inere Is no state.

tx Ci1, O1
L1 Thread

<m1, ‘(71, o1, |1> Closed under log prefix

Parameterized by preaicate allowed

Log Equality

allowed (1 = allowed (5 Nop. (£1-0p) < (L2-0p)

(1 < o



7 Simple Rules:

Apply Push Pull Unpull Unpush Unapply
Commit



The Push/GPuII Mode
T | zas

(ht.map(3,x),0,0"
(q.enq(‘a’),o’,c’"

Apply Push Pull Unpull Unpush Unapply Commit



The Push/GPuII Mode
T | zas

(ht.map(3,x),0,07 |
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The Push/GPuII Mode

tx C2, 02

tx Ci1, O1

L1

<ht .map(3,x) ,O-,O"> |
(g.enq(‘a’),0c’ 0"

Lo

¥ (ht.map(3,x),0,0"

Apply Push Pull Unpull Unpush Unapply Commit



The Push/GPuII Model

tx Ci1, O1 tx C2, 02
w L1 P L
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Apply Push Pull Unpull Unpush Unapply Commit



The Push/GPuII Model

tx Ci1, O1 tx C2, 02
L1 Lo

UST |
(ht.map(3,x),0,0)t— ‘ (ht.map(3,x),0,0 7% <ht.map(3,x),0,0"
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The Push/GPuII Model

tx C1, 01 tx C2, 02
w LIPUS Lo W
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The Push/GPuII Model
T | zas

(ht.map(3,x),0,0" (ht.map(3,x),0,07 (ht.map(3,x),0,0"
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The Push/GPuII Model
T | zas

(ht.map(3,x),0,0" (ht.map(3,x),0,07 (ht.map(3,x),0,0"

(g.ena(*a’),d,a" Pulll (a-ena(*a’),a",a"PUSHL (ht.get(3),01,02)
(ht.get(5),0",0"") (= {ht.get(3),01,02)%
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The Push/GPuII Model

tx Ci1, O1
L

(ht.map(3,x),0,0"
(g.enq(‘a’),0’,c"")
(ht.get(5),0",0""

<ht.map(3 x),0,0"

(g.enq(
(ht. get(3) 01,02)

a'),0 oML

ull

X C2, 02

L>
(ht.map(3,x),0,0"

| (ht. get(3) 01,02)
1<q.enq(‘a’),0’,0")

Apply Push Pull Unpull Unpush Unapply Commit



The Push/GPuII Model

tx Ci1, O1
L

(ht.map(3,x),0,07 |
(q.enq(‘a’),o’,c’" f"?
(ht.get(5),0",0""|

(ht.map(3,x),0,07
(q.enq(‘a’),0’,0'"
(ht.get(3),01,02)

tx C2, 02

Lo

(ht.map(3,x),0,0"
(ht.get(3),01,02)
{q.enq(‘a’),o’,c’"
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The Push/GPuII Model

tx Ci1, O1
L

<ht . map(3r X)
(g.enq(‘a’),0’,0")

(ht.map(3,x),0,07
(q.enq(‘a’),0’,0'"
(ht.get(3),01,02)

tx C2, 02

Lo

(ht.map(3,x),0,0"
(ht.get(3),01,02)
{q.enq(‘a’),o’,c’"

Apply Push Pull Unpull Unpush Unapply Commit



The Push/GPuII Model

tx Ci1, O1 tx C2, 02
o L
<ht.map(3,x),0‘,q : ﬁt.map(3,x),0‘,0"> (ht.map(3,x),0,0"
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The Push/GPuII Model

tx Ci1, O1 tx C2, 02
o L
<ht.map(3,x),0‘,q : ﬁt.map(3,x),0‘,0"> (ht.map(3,x),0,0"
(g.enq(‘a’),0’,0" )" (ht.get(3),01,02)
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The Push/GPuII Model

tx Ci1, O1
L

<ht . map(3r X)
(g.enq(‘a’),0’,0")

(ht.map(3,x),0,07

(ht.get(3),01,02)

tx C2, 02

Lo

(ht.map(3,x),0,0"
(ht.get(3),01,02)
{q.enq(‘a’),o’,c’"
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The Push/GPuII Model

tx Ci1, 01 tx C2, 02
e L
(ht.map(3,x),0,6" [a (ht.map(3,x),0,0" ¢ht.map(3,x),0,0"
3’ (ht.get(3),01,02)
(ht.get(3),01,02) (g.enqg(‘a’),o’,0""
/\/ /\/
/\/
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The Push/GPuII Model

tx Ci1, O1 tx C2, 02
Ll L2 Thread
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The Push/GPuII Model

tx Ci1, O1 tx C2, 02
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The Push/GPuII Model

tx Ci1, O1
L

(ht.map(3,x),0,0"

(ht.map(3,x),0,07

(ht.get(3),01,02)

tx C2, 02
L2 Thread

% (ht.map(3,x),0,0"

(ht. get(3) 0'1 O'z>
g

Apply Push Pull Unpull Unpush Unapply Commit



Simple (Intuitive?) Model



Simple (Intuitive?) Model

Getting it all to work . . .



Push/Pull Rule

Criterion (i): /~——""~_ "~~~
Criterion (ii);: ~""~——"~"——~
Criterion (iii); ~~~—"""~———~"
ftx ¢, o1, L1},G = {tx ¢', o', L".,G'

APPLY

Apply Push Pull Unpull Unpush Unapply Commit



Machine Rule
Ti{tx c,o1, L1}-1T2, G = Ti-{tx ¢, o', L'} T2, G’

Push/Pull Rule

Criterion (i): /~——""~_ "~~~
Criterion (ii);: ~""~——"~"——~
Criterion (iii); ~~~—"""~———~"
ftx ¢, o1, L1},G = {tx ¢', o', L".,G'

APPLY

Apply Push Pull Unpull Unpush Unapply Commit



(ht.map(3,x),0,0" |
{g.enq(‘a’),0',0"|
-

Apply

Criterion (i):
Criterion (ii):
Criterion (iii):

, APPLY
{tx ¢, o1, L1},G = {tx c¢', o2, L1’[{m,01,02,id),unpushed c]},G

Apply)Push Pull Unpull Unpush Unapply Commit



(ht.map(3,x),0,0" |
{g.enq(‘a’),0',0"|
-

Apply

Criterion (7): (m1, c2) € step(c)
Criterion (i):
Criterion (iii):

, APPLY
{tx ¢, o1, L1},G = {tx c2, 02, L1-[{m,01,02,id),unpushed c]},G

Apply)Push Pull Unpull Unpush Unapply Commit



(ht.map(3,x),0,0" |
(g.enq(‘a’),0c’ 0"

Apply

|

step(c): The pair (m,c’) € step(c) if m is a next reachable
method call in the reduction of ¢, with remaining code ¢’.

fin(c): This predicate is true provided that there is a reduction of ¢
to skip that does not encounter a method call.

\_ J

N

Criterion (7): (m1, c2) € step(c)
Criterion (i):
Criterion (iii):

, APPLY
{tx ¢, o1, L1},G = {tx c2, 02, L1-[{m,01,02,id),unpushed c]},G

Apply)Push Pull Unpull Unpush Unapply Commit



c == ¢ *cx|ler ;x| (e)7| skip| tze | m

2
(ht.map(3,x),0,07|°§
JoX

(g.enq(‘a’),0',0") |

|

step(c): The pair (m,c’) € step(c) if m is a next reachable
method call in the reduction of ¢, with remaining code ¢’.

fin(c): This predicate is true provided that there is a reduction of ¢
to skip that does not encounter a method call.

\_ J

N

Criterion (7): (m1, c2) € step(c)
Criterion (i):
Criterion (iii):

, APPLY
{tx ¢, o1, L1},G = {tx c2, 02, L1-[{m,01,02,id),unpushed c]},G

Apply)Push Pull Unpull Unpush Unapply Commit



c == ¢ *cx|ler ;x| (e)7| skip| tze | m

2
(ht.map(3,x),0,07|°§
JoX

(g.enq(‘a’),0',0") |

step(c): The pair (m,c’) € step(c) if m is a next reachable
method call in the reduction of ¢, with remaining code ¢’.

|

fin(c): This predicate is true provided that there is a reduction of ¢
to skip that does not encounter a method call.

\_ J

N

Criterion (7): (m1, c2) € step(c)
Criterion (ii): L1 allows {m,o01,02,id)
Criterion (iii):

, APPLY
{tx ¢, o1, L1},G = {tx c2, 02, L1-[{m,01,02,id),unpushed c]},G

Apply)Push Pull Unpull Unpush Unapply Commit



c == ¢ *cx|ler ;x| (e)7| skip| tze | m

2
(ht.map(3,x),0,07|°§
JoX

(g.enq(‘a’),0',0") |

step(c): The pair (m,c’) € step(c) if m is a next reachable
method call in the reduction of ¢, with remaining code ¢’.

|

fin(c): This predicate is true provided that there is a reduction of ¢
to skip that does not encounter a method call.

\_ J

N

Criterion (7): (m1, c2) € step(c)
Criterion (ii): L1 allows {m,o01,02,id)
Criterion (iii):  fresh(id)
, APPLY
{tx ¢, o1, L1},G = {tx c2, 02, L1-[{m,01,02,id),unpushed c]},G

Apply)Push Pull Unpull Unpush Unapply Commit



c == ¢ *cx|ler ;x| (e)7| skip| tze | m

, SN
<ht-map(31X)10-!O-’>
Q.

(g.enq(‘a’),0',0") |

step(c): The pair (m,c’) € step(c) if m is a next reachable
method call in the reduction of ¢, with remaining code ¢’.

_—

fin(c): This predicate is true provided that there is a reduction of ¢
to skip that does not encounter a method call.

\/ ’
Criterion (7): (m1, c2) € step(c)
Criterion (ii): L1 allows {m,o01,02,id)
Criterion (iii):  fresh(id)
APPLY

{tx ¢, o1, L1},G = {tx c2, 02, L1-[{m,01,02,id),unpushed c]},G

Apply)Push Pull Unpull Unpush Unapply Commit



b R Li

<ht-map(3,X),0',0">,unpu5hed
(q.enq(‘a’),o’,0',pushed 'c1 | !

l

, UNAPP.
{tx ¢', oo, L1°[<{m,01,02,id),unpushed c]},G = {tx c, o1, L1},G

Apply Push Pull Unpull Unpush{Unapply Commit




b R L

(ht.map(3,x),0,0" ,unpushed 'c P h
(g.enq(‘a’),0’,0'"),pushed 'ci (g.enq(‘a’),c’,c"),guC

| —

PUSH

{tx ¢, g, Li'[op,unpushed c]-L2'}, G
_}

{tx ¢, o, L1-[op,pushed c]-L2-}, G*[op,qUC]

Apply Push)Pull Unpull Unpush Unapply Commit




b R L

(ht.map(3,x),0,0" ,unpushed 'c P h
(g.enq(‘a’),0’,0'" pushed ‘ci (g.enq(‘a’),c’,c"),guC

l ——

CrlteI’IOﬂ (l) Op < \_LIJunpushed

PUSH

{tx ¢, g, Li'[op,unpushed c]-L2'}, G
_}

{tx ¢, o, L1-[op,pushed c]-L2-}, G*[op,qUC]

Apply Push)Pull Unpull Unpush Unapply Commit




b R L

(ht.map(3,x),0,0" ,unpushed 'c P h
(g.enq(‘a’),0’,0'" pushed ‘ci (g.enq(‘a’),c’,c"),guC

l

| e

Left-mover over logs
opr <« op2 = VL. L-{opi,op2} < £-{op2,0p1}.

CrlteI’IOﬂ (l) Op < \_LIJunpushed

PUSH

{tx ¢, g, Li'[op,unpushed c]-L2'}, G
_}

{tx ¢, o, L1-[op,pushed c]-L2-}, G*[op,qUC]

Apply Push)Pull Unpull Unpush Unapply Commit




Thread L

(ht.map(3,x),0,0",unpushed 'c
<Cl-enq(‘a’),O",O'">,pushed c1 |-

{q.enq(‘a’),o’,0'",guC

Criterion (i) 0p 4 [L1 Junpushea
Criterion (ii): [ Glac \ [L1-L2Jousnea < 0p

Criterion (iii): G allows op

PUSH

{tx ¢, o, Li*[op,unpushed c]-L2'}, G
_}

{tx ¢, o, L1-[op,pushed c]-L2-}, G*[op,qUC]

Application: Optimism vs. Pessimism

Apply Push)Pull Unpull Unpush Unapply Commit




Thread L

(ht.map(3,x),0,0" ,unpushed 'c
(g.enq(‘a’),0" 0’ ,pushed 'c1 |-*-

L op 1)
CI’ITGI’IOI’] (l) Op < LLl_unpushed
Criterion (ii): | Glac \ [L1L2Jousnea < 0Op

Criterion (iii): G allows op

PUSH

{tx ¢, o, Li*[op,unpushed c]-L2'}, G
_}

{tx ¢, o, L1-[op,pushed c]-L2-}, G*[op,qUC]

Application: Optimism vs. Pessimism

Apply Push)Pull Unpull Unpush Unapply Commit




Thread L

(ht.map(3,x),0,0" ,unpushed 'c
(g.enq(‘a’),0" 0’ ,pushed 'c1 |-*-

P )
L\t
W\C/\L

o pQ\L 'JM
CI’ITGI’IOI’] (l) op <« LL]_ unpushé Act as if op happens next
Criterion (if):  [Glae ~ LLr-La s 0

Criterion (iii): G allows op

PUSH

{tx ¢, o, Li*[op,unpushed c]-L2'}, G
_}

{tx ¢, o, L1-[op,pushed c]-L2-}, G*[op,qUC]

Application: Optimism vs. Pessimism

Apply Push)Pull Unpull Unpush Unapply Commit




L

(ht.map(3,x),0,0") ,unpushed 'c
(g.enq(‘a’),0’,0'"),pushed 'ci (g.enq(‘a’),0’ 0", quC
. | <ht.get(3),01,02), &

Criterion (iy: ~ op &1
Criterion (ii): L allows op

CI’ITGI’IOI’] (lll) 0p < LLqushed U LLJunpushed Can act as if op happened earlier
{tx ¢, 0, L}, Gi-|lop,g]- G2

_}
{tx ¢, o, L-[op,pulled]}, Gi-[op,g] G2

Application: Opacity [GK'08] and dependent transactions [RRHW’'09]

Apply Push (Pull)Unpull Unpush Unapply Commit




L

(ht.map(3,x),0,0") ,unpushed 'c
(g.enq(‘a’),0’,0'"),pushed 'ci (g.enq(‘a’),0’ 0", quC
(ht.get(3),01,02), pulled (ht.get(3),01,02), &

jrosmmm—

Criterion (iy: ~ op &1
Criterion (ii): L allows op

CI’ITGI’IOI’] (lll) 0p < LLqushed U LLJunpushed Can act as if O:O happened ear”er

{tx ¢, 0, L}, Grr[op,g] G2

—

{tx ¢, o, L-[op,pulled]}, Gi-[op,g] G2

Application: Opacity [GK'08] and dependent transactions [RRHW’'09]

Apply Push (Pull)Unpull Unpush Unapply Commit




L

(ht.map(3,x),0,0") ,unpushed 'c
(g.enq(‘a’),0’,0'"),pushed 'ci (g.enq(‘a’),0’ 0", quC
(ht.get(3),01,02), pulled (ht.get(3),01,02), &

froma—

Criterion (i): op &L

Didn’t pull already

Criterion (if): L allows op

Can act as if op happened earlier

{tx ¢, 0, L}, Gi°[op,g] G2

_}
{tx ¢, o, L-[op,pulled]}, Gi-[op,g] G2

Application: Opacity [GK'08] and dependent transactions [RRHW’'09]

Apply Push (Pull)Unpull Unpush Unapply Commit




Thread
(ht.map(3,x),0,04
{q.enq(‘a’),0’,c""
(ht.get(3),01,02), pulled

| o

(g.enq(‘a’),o’,0""),quC
(ht.get(3),01,02), g

Criterion (i):  fin(c)

Criterion (ily: L€ Gy
Criterion (iii).  |Lluw C1G1

Criterion (iv):  cmt(G1, L, G2) Swap my flags from gUC to gC
{tx ¢, 0, L}, Gi

—

{skip, g, []}, G2

Apply Push Pull Unpull Unpush Unapply (Commit




(i)-  c144(my,c2)

(i2)— Ly allows (my,01,02)
(iii)— fresh(id)

{tx c1,01,L1},G1 fwd {tx c2,02,L1 - [(m1,01,02,id),unpushed ¢1]}, G1

APP

UNAPP

{tx c1,01,L1 - [(m1,0’2,0'3,?:d), unpushed 62]}, G1 bwd {tx ¢c2,02,L1}, Gq

(z)- op < I.Lljunpushed
(7'7')_ I.GIJgUCmt N I.Ll ' L2qushed < Op
(ii1)— Gj allows op

PUSH
{tx ¢1,01, L1 - [op,unpushed ¢2]- L2}, G1 fwd {tx ¢1,01, L1 - [op, pushed ¢2]- L2}, G1 - [op, gUCmt]
(i)- allowed G; - G2
(ii)_ I_L2qushed <« 0Op
UNPUSH

{tx c1,01, L1 - [op,pushed c]- Lo}, G1 - [op, 9] - G2 bwd {tx ¢1,01, L1 - [op,unpushed c2]- L2}, G1 - G2

(i)- op¢lL
(i1)— L allows op
(ZZ’I,)— op < IL]pushed U ILJunpushed

PULL
{tx C1,01, L}a Gl ’ [Op’g] ’ G2 M_ {tx 61,0’1,[/' [op,pulled]}, Gl : [Op:g] ' G2

(’i)— allowed L1 . L2
{tx c1,01, L1 - [Op, pU”Ed] . LQ}, G bwd {tx c1,01, L1 - L2}, G

UNPULL

Apply Push Pull Unpull Unpush Unapply Commit



Theorem. The Push/Pull model is serializable.

Apply Push Pull Unpull Unpush Unapply Commit



Theorem. The Push/Pull model is serializable.

Push/Pull model guarantees that transactions
are executed equivalently to just each being
done atomically.

Apply Push Pull Unpull Unpush Unapply Commit



Theorem. The Push/Pull model is serializable.

Push/Pull model guarantees that transactions
are executed equivalently to just each being
done atomically.

Proof via simulation with atomic machine.

Apply Push Pull Unpull Unpush Unapply Commit



Evaluation
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Conclusions

e Can encode numerous TM schemes into this
e Informal tool for thinking about TMs

 Formally provides serializability



Questions?

Apply Push Pull Unpull Unpush Unapply Commit



