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Shared Memory vs. Message Passing|
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* Let’'s look at shared memory by itself.

Bus-Based Multiprocessors with Shared
Memory

Cache Consistency — Write Through]|
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All the other caches see the write (because they are sneeping on the bus) and check to see if they
are also holding the word being modified. If so, they invalidate the cache entries
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Cache Consistency — Write Oncel
CPU «For write, at most one CPU has valid access

Clean ' Clean

Initially both the memory and B have A reads word W and gets W1. B does not
an updated entry of word W. respond but the memory does
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Dirty Tnvalid Dirty Invalid
A writes a value W2. B snoops on the bus, A writes W again. This and subsequent
and invalidates its entry. A’s copy is marked writes by A are done locally, without any
as dirty. bus traffic.
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Cache Consistency — Write Oncel

Bmn] Bl

Dirty Tavald ‘ ’ Invalid Invalid Dirty

A writes a value W3. No bus traffic is

incurred C writes W. A sees the request by

snooping on the bus, asserts a signal that
inhibits memory from responding, provides thi
values. A invalidates it own entry.

C now has the only valid copy.

The cache consistency protocol is built upon the notion of snooping and
built into the memory management unit (MMU).
All above mechanisms are implemented in hardware for efficiency.

It is easy to see that above shared memory can be implemented using message
passing instead of the bus.
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Distributed Shared Memory (DSM)|
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Distributed Shared Memory|
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[Cache | [Cache | [ Cache |
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Granularity of Chunks]
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Page consists of two variables A and B

False Sharing|

Processor 1

Processor 2

unrelated
shared
variables

Occurs because: Page size > locality of reference
Unrelated variables in a region cause large number of pages transfers
Large pages sizes => more pairs of unrelated variables
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Achieving Sequential Consistency|

« 0 5 % % % %%
-/ % 1 C
-71 # 1 % 1
- ? D 2 %
e 2 % 6 $*
— Update 2 % 112 6 1 11 &
%% 2 % 251 & %
1 %% % 4 %% 1 2
% 251 % %1 151
— Invalidate %% 2 % & % &
251 % 7 %% % 51 %
"1 E 1 % 2% % 1 %%
/&% BT h% % 1 % 51 1
% 1 Fe< FH
[}




Student Notes Pages

Invalidation Protocol to Achieve Consistency|
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Suppose Processor 1 is attempting a read: Different scenarios

Processor 1 Processor 2 Processor 1 Processor 2
® (%]
Owner Owner
[ phge [
(a) (b)

°

Suppose Processor 1 is attempting a read: Dﬁerem scenarios

Invalidation Protocol (Read)]

Processor 1 Processor 2 Processor 1 Processor 2
® (& =] ® [ %]
Owner Owner
] (c) I (d)
In the first 4 cases, the page is mapped into its address space, and no trap occurs.
rocessor 1 Processor 2 Processor 1 Processor 2

Owner Owner

(U]

———
T Ask for a copy

2. Mark page as R

3. Doread

_r T
Ask P2 to degrade its copy to R
Ask for a copy

Mark page as R =

Eal i

Invalidation Protocol (Write)|

Suppose Processor 1 is attempting a write: Different scenarios

rocessor 1 Processor 2 Processor 1 Processor 2
Owner
[ [ [ [
1. Invalidate other copies 1. Invalidate other copies
2. Ask for ownership 2. Ask for ownership
3. Ask for a page 3. Askforapage
4. Mark page as W 4. Mark page as W
5. Do write 5. Do write

Invalidation Protocol (Write)|
Suppose Processor 1 is attempting a write: Different scenarios
Processor 1 Processor 2 Processor 1 Processor 2
Owner
[ [ "—_‘; Mark page as W
2. Do write
Processor 1 Processor 2 Processor 1 Processor 2
Owner Owner
\ [ \ [
1. Invalidate other copies 1. Invalidate other copies
2. Mark local page as W 2. Ask for ownership
3. Do write 3. Mark pageas W

Finding the Owner|
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How does the Owner Find the Copies to

Invalidate.
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Strict and Sequential Consistency| Sequential Consistency]|
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— Any read to a memory location x returns the value stored by & % 9%
the most recent write operation to x.
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For any execution, a sequential order can be found for all ops in
the execution so that
— The sequential order is consistent with individual program
orders
— Any read to a memory location x should have returned (in the
actual execution) the value stored by the most recent write
operation to x in this sequential order.

o — e

How to Determine the Sequential Order?| Causal Consistency]

« Writes that are potentially causally related must
be seen by all processes in the same order.
« Example: Given H,= W(x)1 and H,= R(x)0 R(x)1, Concurrent writes may be seen in a different order
how do we come up with a sequential order on different machines.
(single string S of ops).thiat satisfies seq. cons. — « Example 1: Concurrent wries
— Program order must be maintained
— Memory coherence must be respected: a read to some
location, x must always return the value most recently written —_— P w1 W(x)3
ox P2: RO W(x)2
* Answer: S= R(x)0 W(x)1 R(x)1 P3: R(X)1 R(3 R(2
P4: RO R(X)2 R(x) 3
This sequence obeys causal consistency

Causal Consistency]| Pipelined RAM Consistency|
Causally related -

P Wyt Any pair of writes that are both done by a single
processor are received by all other processors in

P2: R(x)1 W(x)2 N . .

e (91 W(x) — the same order. A pair of writes from different
(x)2 R(X processes may be seen in different orders at

Pa: R(X)1R(x) 2

different processors.
This sequence does not obey causal consistency

P1: W(x)1
P1: W(x)1 p2: R W(x)2
P2: W(x)2 P3: R(x)2 R(X)1
P3: R()2 R(X)1 - | P4: R()TR(x) 2

P4 R()1 R(x) 2 This sequence is allowed with PRAM consistent memory

This sequence obeys causal consistency
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Cache Coherencel

Weak Consistency]|
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Weak Consistency]|
P11 w(x)1 W(y) 2 S
P2:
P3: R(y)2 R(x)0 S
P4: R(OR(Y)2 S

This sequence is allowed with weak consistent memory (but may never be coded in)

Release Consistency]|

2% A 5 &l %
Acquire Release
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P1: Acq(L) W(x)1 W(x)2 Rel(L)

P2:
P3: Acq(L) R(x)2 Rel(L)
P4: R(x) 1
This sequence is allowed with release consistent memory
° 1 Y

P2:
P3: SR(y)2 RX)1
P4: SR(x)1R(y) 2
The memory in P3 and P4 has been brought up to date
° 1 L.
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A Mechanism for Realizing Release

onsistency
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Ring-Based Multiprocessors with Shared

Memory
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Ring-Based Multiprocessors with Shared
Memory

Valid
Exclusive

// Interrupt
p

Block
Fome p 4+
#|MMU [Cache| Memorty Tablel |~ ?
T~ Location
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Private Memory 3
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Processor Consistency in Textbook]|
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Protocol for Ring-Based Multiprocessors]
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