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Thread 2Thread 1

atomic { 
   x := 3; 
   y := 9; 
}

atomic { 
  if (x>y) { 
    //shdnt happen 
  } else { 
    ... 
}

x := 0; y := 0;
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Thread

atomic { 
   x := 3; 
   y := 9; 
}

Thread

atomic { 
   stk.push(4); 
   ht.get('a'); 
}
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Criterion (iii):

PUSH
{tx c, σ, L1·[op,unpushed c]·L2·}, G 

➝ 
{tx c, σ, L1·[op,pushed c]·L2·}, G·[op,gUC]

Thread

⟨ht.map(3,x),σ,σ'⟩,unpushed 'c
⟨q.enq(‘a’),σ',σ''⟩,pushed 'c1

op ◀ ⎣L1⎦unpushed

G allows op
⎣G⎦gUC ∖ ⎣L1·L2⎦pushed ◀ op

Push ⟨q.enq(‘a’),σ',σ''⟩,gUC

L1

Act as if op happens next

No conflict with other uncmted

Application: Optimism vs. Pessimism 
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PULL
{tx c, σ, L}, G1·[op,g]·G2 

➝ 
{tx c, σ, L·[op,pulled]}, G1·[op,g]·G2

Thread

⟨ht.map(3,x),σ,σ'⟩,unpushed 'c
⟨q.enq(‘a’),σ',σ''⟩,pushed 'c1

L allows op

Pull
⟨q.enq(‘a’),σ',σ''⟩,gUC

L1

Criterion (i):
Criterion (ii):

op ◀ ⎣L⎦pushed ∪ ⎣L⎦unpushedCriterion (iii):

⟨ht.get(3),σ1,σ2⟩, g

op ∉ L Didn’t pull already

Args/RVs abide seq. spec

Can act as if op happened earlier

Application: Opacity [GK’08] and dependent transactions [RRHW’09]
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PULL
{tx c, σ, L}, G1·[op,g]·G2 

➝ 
{tx c, σ, L·[op,pulled]}, G1·[op,g]·G2

Thread

⟨ht.map(3,x),σ,σ'⟩,unpushed 'c
⟨q.enq(‘a’),σ',σ''⟩,pushed 'c1

L allows op

Pull
⟨q.enq(‘a’),σ',σ''⟩,gUC

L1

Criterion (i):
Criterion (ii):

op ◀ ⎣L⎦pushed ∪ ⎣L⎦unpushedCriterion (iii):

⟨ht.get(3),σ1,σ2⟩, g

op ∉ L

⟨ht.get(3),σ1,σ2⟩, pulled

Didn’t pull already

Args/RVs abide seq. spec

Can act as if op happened earlier

Application: Opacity [GK’08] and dependent transactions [RRHW’09]
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PULL
{tx c, σ, L}, G1·[op,g]·G2 

➝ 
{tx c, σ, L·[op,pulled]}, G1·[op,g]·G2

Thread

⟨ht.map(3,x),σ,σ'⟩,unpushed 'c
⟨q.enq(‘a’),σ',σ''⟩,pushed 'c1

L allows op

Pull
⟨q.enq(‘a’),σ',σ''⟩,gUC

L1

Criterion (i):
Criterion (ii):

op Criterion (iii):

⟨ht.get(3),σ1,σ2⟩, g

op ∉ L

⟨ht.get(3),σ1,σ2⟩, pulled

Didn’t pull already

Args/RVs abide seq. spec

Can act as if op happened earlier

Application: Opacity [GK’08] and dependent transactions [RRHW’09]
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COMMIT
{tx c, σ, L}, G1 

➝ 
{skip, σ, []}, G2

Thread

⟨ht.map(3,x),σ,σ'⟩,unpushed 'c
⟨q.enq(‘a’),σ',σ''⟩,pushed 'c1 ⟨q.enq(‘a’),σ',σ''⟩,gUC

L1

⟨ht.get(3),σ1,σ2⟩, g⟨ht.get(3),σ1,σ2⟩, pulled

C
o

m
m

it
cmt(G1, L, G2)
⎣L⎦pulled ⊆ ⎣G1⎦gC

Criterion (ii):
Criterion (iii):
Criterion (iv):

L ⊆ G1

Criterion (i): fin(c)
Pushed all my stuff

Pulled all committed stuff

Swap my flags from gUC to gC
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Theorem. The Push/Pull model is serializable.
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Theorem. The Push/Pull model is serializable.

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

Proof via simulation with atomic machine.

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



Evaluation



ADT Ops 
(Boosting)

Serializability!

Opacity!Pessimism!

Optimism!Memory Ops

Hardware TM
Software TM

Hybrid TM Open Nested

Dependent Txns

Irr
ev

oc
ab

ilit
y

Consistency

Eager Writes

Lazy Reads



Conclusions

• Can encode numerous TM schemes into this 

• Informal tool for thinking about TMs 

• Formally provides serializability
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Questions?


