Sharing and Racing

void loop(int &a, Int n

= Operation are not instantaneous:

for(int i=0: i<n: i += 3 = Such an operation can becomes visible to different
threads are different times

a++;
= apparent order of operations may not be consistent
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Sharing and Racing

void loop(int &a, int n)

{

= Operation are not instantaneous:

for(int i=0; i<n: i += 3) = Such an operation can becomes visible to different
threads are different times

a++;
J = apparent order of operations may not be consistent
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Share Occasionally

void loop(int &a, Int n

for(int |




Share Occasionally

void loop(int &a, Int n

for(int 1=

a++
Rd a; Add1; Wr a




Share Occasionally

void loop(int &a, int n)

{

7oV A ATa) P AL gL I M) movl  (%rdi), %eax

a++;
! (Rd a; Add1; Wr a)

addl $1, %eax
movl $0, %edx




Share Occasionally

vold loop(volatile int &a, Int n

for(int i=0: i<n: | movl  (%rdi), %eax o MOV %rgli . %oeax
. addl  $1, %eax addl  $1, %eax

aA++; movl  %eax, (%rdi) )
| | ovl $0, %edx -
1d a; AddT; Wra L3:¢qmovl  %eax, %ecx. addl  $3, %edx

cmpl %edXx, %esi

. - " " . - = . . - | = . A\ 4 A . . . . . . . = . . = - " . " .
5 L 5 L LSSHSOY S Rt 5 | L A 4 b3 PN L . - | Raaes >4 s $ 5 5 RN 5 L 5 ASRONSLIECS SIS S LSO 5 5 5 L SILCLEN

SRR ALY : : b : : ALY : : b SRANCEIRANG
el . . . N N . R 0 Rtk |




Share Occasionally

void loop(volatile int &a, int n)

t .
S . . o T @ L3: movl (%rdi), Y%eeax

for(int i=0; i<n; i += 3) movl  (%rdi), %eeax ‘ ( " )
addl  $1, %eax addl  $1, %eax
d++, v $0 %edx (movl  %eax, (%rdi) D

MmO
Rd a; Add1; Wr a . i
} ( ) L3:movl  %eax, %ecx) zlefe] $;3, Aecil)x |
add] cmpl  %edx, %esi
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Memory Model
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Memory Model
- Register size?

- Limit on the number of readers and writers?

Register

- Asynchronous reads and writes

= Global knowledge of ‘time?’




Memory Model
- Register size?

- Limit on the number of readers and writers?

Register

- Asynchronous reads and writes

= Global knowledge of ‘time?’
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Memory Model

- Register size?

Limit on the number of readers and writers?
Register

- Asynchronous reads and writes
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= Global knowledge of ‘time?’
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Memory Model
Register size?

- Limit on the number of readers and writers?

Register

- Asynchronous reads and writes

= Global knowledge of ‘time?’




Types of Registers

- Linearizable registers

= SRSW 1-bit safe register

= MRMW n-bit atomic linearizable register
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- Sequentially consistent registers
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Shared Memory

Read or Write
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Shared Memory

Read or Write Read or Write




Shared Memory

Read or Write Read or Write




Shared Memory

Read or Write
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Shared Memory

Read or Write Read or Write
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Registers

Vo, V1 0OrI Vo V10l Vo
Read — G

Write 1
Regular vo "\/. =

Quiescently consistent:

= Single writer (after there was an inactive period)

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




Registers

, V1 OI V2 V1 OrI V2
Readl O = 0

- Regular Write V1 . Ve :

o : Quiescently consistent:
NYIe WISt after there was an inactive period

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

Vo, V1 Or vV V10l V2 :
Read' g 1 2 0 .1 2:|
" V :I :I
- Regular vo e, ik - -
. . Read vo Read v+ c€Ntly consistent:
= Single writer . . .
" o ° rthere w n inactiv [
Write vi Write v : there was an inactive perio
= Reads overle | | len value or the one prior
Regular register allows this




Wait free : Registers
Vo, V1 Or vV V10l V2 :
Read' g 1 2 0 = 1 2:|
" V :l :I
- Regular vo e, ik - -
. . Read vo Read v+ c€Ntly consistent:
= Single writer - ol 4 . . .
Write vi - Write va : r there was an inactive perio
= Reads overle | | len value or the one prior
Regular register allows this




Linearizable
- Operations appear to take effect at some instant

= petween their start and enad

= |f there is no overlap, ordering is well defined

Thread A




Linearizable
- Operations appear to take effect at some instant

= petween their start and end Strict Consistency:
Operations are instantaneous

= |f there is no overlap, ordering is well defined
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Linearizable
- Operations appear to take effect at some instant

= petween their start and end Strict Consistency:
Operations are instantaneous

= |f there is no overlap, ordering is well defined
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Linearizable
- Operations appear to take effect at some instant

= petween their start and end Strict Consistency:
Operations are instantaneous

= |f there is no overlap, ordering is well defined
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Linearizable
- Operations appear to take effect at some instant

= petween their start and end Strict Consistency:
Operations are instantaneous

= |f there is no overlap, ordering is well defined
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Linearizable
- Operations appear to take effect at some instant

= petween their start and end Strict Consistency:
Operations are instantaneous

= |f there is no overlap, ordering is well defined

Thread A = o . o




Registers

Walit free "

, V1 OI V2 V1 OrI V2
Readl O = 0

- Regular Write V1 . Ve :

= Single writer Quiescently consistent

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

Walit free "

Vo, V1 0OrI Vo V10l Vo
Read. O = 0 E

. Write V2 y
Regular vo /1€ = a » &

= Single writer Quiescently consistent

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

Walit free "

Vo, V1 0OrI Vo V1 Or V2 :
Reads o :

. Write V2
Regular vo /1€ = a » &

= Single writer Quiescently consistent

= Reads overlapping with a write return the newly written value or the one prior
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Register Construction

MR Safe bit = MR Regular bit

Writer:
if (old = x) {
Write to SB
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MRSW Boolean = m-valued Register Construction

ReadsL 1Write

Regular 1-bit registers
Unary, High bit to the right
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Register Construction

MRSW Boolean = m-valued

1Write

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

ReadsL
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MRSW  Boolean = m-valued Register Construction

0 n IR g SRS\
ReadsL 0 O || 1 0 1Write Reg -> Atomic

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

(Value, Clock)

Writer: Increment Clock
EEaner Cac de lagl fean
-~ Reuse, if new value is stale |




RSW
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Boolean = m-valued

3

0

ReadsL

(s |

0 IWrite

Regular 1-bi

t registers

(Unary, High bit to the right)

Register Construction

SRSW
Reg -> Atomic

(Value, Clock)

Writer: Increment Clock

SW Atomic = MW Atomic

Reader: Cacr

N R e o R R e e e N L R e e
et £ _.. o _._ e _.. £ _.. o _._ e _.. £ _.. = _.. £ _.. o _._ e _.. %

(Value, Clock)

N R R S e R e e R R S
_._ x| — N o _._ e _.. £ _.. o _._ e _.. £ _.. o _._ e _.. £ _.. a‘_._ _-. o

(Value, Clock)

(V

e |last read

<\f<\.f ERT AT . SN N

7 N <\; 2 gN e N
AR CalE e

o N e e R R S e e R e e
s STt Tt ) Pt et | CTVAS RS | ST | RS | Aty cTuta | coint) pptat crte

I { | I ‘ | t |
i N N N AN N SR N N N e NG N SR N R N N N IR N N N e NG N N N R R e N R SN N SN N e NG N SR N R R e N e SR SN N

Note dha i aNe e N
deTaar ) 3




MRSW

0

;

Soolean = m-valued

2 3

1

ReadsL 0 ]| O

Reqgular

(Unary, Hig

1-bit registers
N bit to the right)

0 IWrite

Register Construction

SW Atomic = MW Atomic

(Value, Clock)

(Value, C\ock)

(Value, Clock)

SRSW

Reg -> Atomic

(Value, Clock)

Writer: Increment Clock
Reader: Cache last read
Reuse, If new value Is stale
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Linearization of MW
Atomic Construction

SW Atomic = MW Atomic

Value, Clock)|[(Value, Clock Value, Clock
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Thread O

Thread

Thread 2

write(1)

write(2)

u

Read (latest = 1)

. L

Linearization of MW

Atomic Construction
SW Atomic = MW Atomic

Read (latest = 2) g write(4)

write(3) : Read (latest = 3)

write(2) Read (latest = 4)

u

s S e

(Value, Clock)

(Value, Clock)

One SW Reg per Writer —

(Value, Clock)

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




Thread O

Thread

Thread 2

write(1)

write(2)

u

Read (latest = 1)

. L

Linearization of MW

Atomic Construction
SW Atomic = MW Atomic

Read (latest = 2) g write(4)

write(3) : Read (latest = 3)

write(2) Read (latest = 4)

u

s S e

—ach write is SW (linearized as the way SW is)

Any pair of writes can be ordered (lexicographically)

(Value, Clock)

(Value, Clock)

One SW Reg per Writer —

(Value, Clock)

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




Thread O

Thread

Thread 2

write(1)

u

Read (latest = 1)

v§/rite(2)

Linearization of MW

Atomic Construction
SW Atomic = MW Atomic

Read (latest = 2) g write(4)

:—D [

~ write(3) : Readé(latest=3)

B -

u

write§2) Read (latest == 4)

- L stime

—ach write is SW (linearized as the way SW is)

Any pair of writes can be ordered (lexicographically)

(Value, Clock)

(Value, Clock)

One SW Reg per Writer —

(Value, Clock)

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




Thread O

Thread

Thread 2

write(1)

u

Read (latest = 1)

v§/rite(2)

Linearization of MW

Atomic Construction
SW Atomic = MW Atomic

Read (latest = 2) g write(4)

:—D [

~ write(3) : Readé(latest=3)

B -

u

write§2) Read (latest == 4)

- L stime

—ach write is SW (linearized as the way SW is)

Any pair of writes can be ordered (lexicographically)

Reads linearized (wrt to Write order)
y after who they deemed to be the latest .

Immediate

(Value, Clock)

(Value, Clock)

One SW Reg per Writer —

(Value, Clock)

S22 20 Write In their lane,
Read all clocks, use |latest+1
Readers: Read all, use value with latest clock




Thread O

Thread

Thread 2

write(1)

u

Read (latest = 1)

v§/rite(2)

Linearization of MW

Atomic Construction
SW Atomic = MW Atomic

Read (latest = 2) g write(4)

:—D [

~ write(3) : Readé(latest=3)

B -

u

write§2) Read (latest == 4)

- P stime

—ach write is SW (linearized as the way SW is)

Any pair of writes can be ordered (lexicographically)

Reads linearized (wrt to Write order)
y after who they deemed to be the latest .

Immediate

(Value, Clock)

(Value, Clock)

One SW Reg per Writer —

(Value, Clock)

S22 20 Write In their lane,
Read all clocks, use |latest+1
Readers: Read all, use value with latest clock




Linearization of MW

Atomic Construction
SW Atomic = MW Atomic

ite( Read (latest = 2) write(4
Thread O .Witef ) ; ' ( )
Thread - . vglrite(Z) o e write(3) ) Readé(latest = 3)
N (Iatest%1) ) write(2) _Read (atest = 4

i i L P time
—ach write is SW (linearized as the way SW is)
Any pair of writes can be ordered (lexicographically)

Reads linearized (wrt to Write order) f Rj starts after Ri completes, Rj's
Immediately after who they deemed to be the latest .latest clock can't be less than Ri's

1 b 1 lv,

(Value, Clock)|(Value, Clock)|ee |(Value, Clock) Read all clocks, use latest+1

One SW Reg per Writer — Readers: Read all, use value with latest clock



