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What is STM?

Concurrency Control via transactions 

‣ atomic unit of work (set of operations) on shared data
‣ all-or-nothing

[T :
x := 1; 
y := 1;

// x = y = 0

// x = y = 0   OR   x = y = 1
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Which STM?
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Strong consistency - inefficient 

‣ serialisability 
‣ strict serialisability 
‣ … 

Weak consistency 

‣ parallel snapshot isolation (PSI) 
‣ snapshot isolation (SI) 
‣ …
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STM Context
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‣  Shared memory setting 
                (with weak memory consistency) 

‣  Mixed accesses to shared data 
                (transactional  and  non-transactional) 

‣  Cannot instrument non-transactional accesses 
                (weak isolation)



‣   Declarative semantics

‣   Lock-based reference implementation (operational semantics)

➡ Sound:         Behaviours(imp)  ⊆  Behaviours(spec)
➡ Complete:   Behaviours(spec)  ⊆  Behaviours(imp)

SI STM Desiderata
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✓ Declarative semantics 
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x ↦ t0 : 0

time
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write skew (WS) / store buffering (SB)

[T1 : x := 1; 
a := y; // 0 [T2 : y := 1; 

b := x; // 0

!7

SI: Allowed Anomalies

// v denotes that v was read
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lost update (LU)
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x := b+1;
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Lock-based 
SI reference implementation 
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✘  Global lock 

➡ disjoint accesses allowed

Which Locks for SI?
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✘  Per-location locks 
➡ concurrent reads allowed

✓ Per-location MRSW (multiple-readers-single-writer) locks



SI Reference Implementation Pattern
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SI(T)≜ 
 // must hold read locks on RS 
 s := snapshot(RS) 
 // must hold write locks on WS 
͉ T ͊;

͉ a := x ͊≜ a := s[x]

͉ x := a ͊≜ x := a; s[x] := a

͉ S1;S2 ͊≜͉ S1 ͊;͉ S2 ͊
…

snapshot(RS)≜  
 for(x∈RS) s[x]:=x  
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complete: allow write skew (WS)
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w_locks are acquired too late! 
acquire them before releasing r_locks!
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(WS)
[T1: x:=1; 
a:=y;// 0 [T2: y:= 1; 

b:= x;// 0



1. w_lock({x});  
2. r_lock({y}); 
3. s[y] := y; 
4. r_unlock({y}); 
5. x := 1; s[x] := 1; 
6. a := s[y]; 
7. w_unlock({x});

T1
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1. acquire them as r_locks first; 
2. promote them to writers later

w_locks are acquired too early!
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    ⇒ see paper for non-deadlocking implementations 

        (prescient and non-prescient)
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