
Subodh Kumar

Sharing and Racing

➡ Operation are not instantaneous:  

➡ Such an operation can becomes visible to different 
threads are different times 

➡ apparent order of operations may not be consistent 

➡ Even consistent operations can be concurrent (vary 
from execution to execution) 

➡ Program must remain correct no matter the order

void loop(int &a, int n) 
{ 
      for(int i=0; i<n; i += 3) 
           a++; 
} 
.. 
int a = 0, n = 10; 
#pragma omp parallel 
     loop(a, n);
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➡ Such an operation can becomes visible to different 
threads are different times 

➡ apparent order of operations may not be consistent 

➡ Even consistent operations can be concurrent (vary 
from execution to execution) 

➡ Program must remain correct no matter the order

void loop(int &a, int n) 
{ 
      for(int i=0; i<n; i += 3) 
           a++; 
} 
.. 
int a = 0, n = 10; 
#pragma omp parallel 
     loop(a, n);

Race condition: If variable order of concurrent   
                          operations affects correctness

Data race:         Concurrent RW or WW operations



Subodh Kumar

Share Occasionally

void loop( 
{ 
      for(int i=0; i<n; i += 3) 
           a++; 
} 
.. 
int a = 0, n = 10; 
#pragma omp parallel 
     loop(a, n);

int &a, int n)
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void loop( 
{ 
      for(int i=0; i<n; i += 3) 
           a++; 
} 
.. 
int a = 0, n = 10; 
#pragma omp parallel 
     loop(a, n);

int &a, int n)

(Rd a; Add1; Wr a)
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       movl    (%rdi), %eax 
       addl    $1, %eax 
       movl    $0, %edx 
.L3: movl    %eax, %ecx 
       addl    $3, %edx 
       addl    $1, %eax 
       cmpl    %edx, %esi 
       jg        .L3 
       movl    %ecx, (%rdi)

void loop( 
{ 
      for(int i=0; i<n; i += 3) 
           a++; 
} 
.. 
int a = 0, n = 10; 
#pragma omp parallel 
     loop(a, n);

.L3: movl    (%rdi), %eax 
       addl    $1, %eax 
       movl    %eax, (%rdi) 
       addl    $3, %edx 
       cmpl    %edx, %esi 
       jg      .L3 
       ret

int &a, int n)volatile

var = val need not be “seen” 
          or, need not be “atomically” seen

(Rd a; Add1; Wr a)
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Memory Model

Address space

atom@
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➡ Global knowledge of ‘time?’

✴ What is the value read?

Memory Model

Register

(Correctness)
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• Register size?

• Limit on the number of readers and writers?

• Asynchronous reads and writes

➡ Global knowledge of ‘time?’

✴ What is the value read?

Memory Model

Register

(Correctness)
“Most recent Write”
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• Register size?

• Limit on the number of readers and writers?

• Asynchronous reads and writes

➡ Global knowledge of ‘time?’

✴ What is the value read?

• Increasing guarantee ⇒ reducing performance

Memory Model

Register

(Correctness)

Same ideas apply to higher level data structures
thread A:    Pu-3       Po-2  
thread B:    Pu-2       Po-3  

Stack



Subodh Kumar

• Linearizable registers

➡ SRSW 1-bit safe register 

➡ MRMW n-bit atomic linearizable register 

• Sequentially consistent registers

• Causally consistent registers

• FIFO consistent registers 

• Weakly consistent registers

Types of Registers
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Read or Write
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Shared Memory

• What is possible? REGISTER

Read or Write Read or Write

Asynchronous

BIT ReadWrite Read is safe if the 
written bit has settled
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Registers

• Regular

➡ Single writer 

➡ Reads overlapping with a write return the newly written value or the one prior

Read
Write   v1v0

v0, v1 or v2

v1 v2

v1 or v2
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Registers

• Regular

➡ Single writer 

➡ Reads overlapping with a write return the newly written value or the one prior

• Atomic

➡ Multiple writers 

➡ Read the value of latest write (takes effect at some point in its duration)

Read
Write   v1v0

v0, v1 or v2

v1 v2

v1 or v2

Quiescently consistent: 
   (after there was an inactive period)

Linearizable

Wait free

A later read cannot see an earlier write

Read v2

Write v1 Write v2

Read v1

Regular register allows this
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➡ between their start and end 

➡ If there is no overlap, ordering is well defined

A1 A2
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C1 C2 C3

Thread A
Thread B
Thread C
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Linearizable
• Operations appear to take effect at some instant

➡ between their start and end 

➡ If there is no overlap, ordering is well defined

A1 A2

B1 B2
C1 C2 C3

Thread A
Thread B
Thread C

Equivalent sequential history S exists: A1 B2 C3 A2C2B1C1

1. Got the result S would get 
2. No thread’s history is violated in S 
3. Non-overlapping operations retain order in SLinearizability is Composable

Strict Consistency:  
     Operations are instantaneous
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Registers

• Regular

➡ Single writer 

➡ Reads overlapping with a write return the newly written value or the one prior 

• Atomic

➡ Multiple writers 

➡ Read the value of latest write (takes effect at some point in its duration)

Read
Write   v1v0

v0, v1 or v2

v1 v2

v1 or v2

Quiescently consistent

Linearizable

Binary 
Regular 
Register

SRSW
m-valued 
Atomic 
Register

MRMW
Binary 
Safe 
Register

SRSW

Wait free

A later read cannot see an earlier write Safe: Any value may be   
       returned if R/W overlap
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Register Construction

Writer: 
    if (old != x) { 
        Write to SB 
        old = x; 
    } 
Readers Read

Writer writes to all SR 
Reader i reads from SR[i]

MR Safe bit ➔ MR Regular bit

SR ➔ MR

One copy per reader
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Register Construction

Binary 
Regular 
Register

SRSW
m-valued 
Atomic 
Register

MRMW

WriteReads
0       1      2       3

0       0      1       0

  Regular 1-bit registers 
(Unary, High bit to the right)

Boolean ➔ m-valuedMRSW
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Register Construction

Binary 
Regular 
Register

SRSW
m-valued 
Atomic 
Register

MRMW

WriteReads
0       1      2       3

0       0      1       0

  Regular 1-bit registers 
(Unary, High bit to the right)

Boolean ➔ m-valuedMRSW

To write i, set ith bit 
                unset all to left 
To read, scan for 1 from left
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Binary 
Regular 
Register

SRSW
m-valued 
Atomic 
Register

MRMW

WriteReads
0       1      2       3

0       0      1       0

  Regular 1-bit registers 
(Unary, High bit to the right)

Boolean ➔ m-valuedMRSW

Writer: Increment Clock 
Reader: Cache last read 
              Reuse, if new value is stale

(Value, Clock)

Reg -> Atomic
SRSW
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Register Construction

Binary 
Regular 
Register

SRSW
m-valued 
Atomic 
Register

MRMW

WriteReads
0       1      2       3

0       0      1       0

  Regular 1-bit registers 
(Unary, High bit to the right)

Boolean ➔ m-valuedMRSW

Writer: Increment Clock 
Reader: Cache last read 
              Reuse, if new value is stale

(Value, Clock)

Reg -> Atomic
SRSW

One SW Reg per Writer —  
Writers:   Write in their lane, 
                Read all clocks, use latest+1 
Readers: Read all, use value with latest clock

SW Atomic ➔ MW Atomic

(Value, Clock) (Value, Clock) (Value, Clock)

Writes ordered by clock 
            (lexicographically) 
Reads ordered by the latest clock
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Linearization of MW 
Atomic Construction

Writers:   Write in their lane, 
                Read all clocks, use latest+1 
Readers: Read all, use value with latest clock

SW Atomic ➔ MW Atomic

(Value, Clock) (Value, Clock) (Value, Clock)
One SW Reg per Writer — 



Subodh Kumar

Linearization of MW 
Atomic Construction

Writers:   Write in their lane, 
                Read all clocks, use latest+1 
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write(1) write(4)
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Read (latest = 2)

Read (latest = 3)

Read (latest = 1) Read (latest = 4)

Thread 0

Thread 1

Thread 2
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Linearization of MW 
Atomic Construction

Writers:   Write in their lane, 
                Read all clocks, use latest+1 
Readers: Read all, use value with latest clock

SW Atomic ➔ MW Atomic

(Value, Clock) (Value, Clock) (Value, Clock)
One SW Reg per Writer — 

time

write(1) write(4)

write(2) write(3)

write(2)

Read (latest = 2)

Read (latest = 3)

Read (latest = 1) Read (latest = 4)

Thread 0

Thread 1

Thread 2

Each write is SW (linearized as the way SW is)  
   Any pair of writes can be ordered (lexicographically)
Reads linearized (wrt to Write order) 
    Immediately after who they deemed to be the latest

If Rj starts after Ri completes, Rj’s 
latest clock can’t be less than Ri’s


