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PP
M M

I

PM P MS
tatic and dynam

ic locality of reference are critical for high perform
ance.

C
om

piler support? A
rchitectural support?

B
us-based sym

m
etric m

ultiprocessors (S
M

P
’s): com

bine both aspects

P
hysical O

rganization 

E
arly parallel processors like N

Y
U

 U
ltracom

puter

P
roblem

: w
hy go across netw

ork for instructions? read-only data?   

w
hat about caches? 

I

- U
niform

 m
em

ory access (U
M

A
) m

achines

- N
on-uniform

 m
em

ory access (N
U

M
A

) m
achines:

A
ll m

em
ory is equally far aw

ay from
 all processors.

A
ccess to local m

em
ory is usually 10-1000 tim

es
faster than access to non-local m

em
ory
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P

P

P
P

address space
single 

x

I
PM P M

I

MM
P P

Logical O
rganization 

- S
hared M

em
ory M

odel

(conceptual picture)

- D
istributed M

em
ory M

odel (M
essage P

assing)

PP
P P

(conceptual picture)

- hardw
are/system

s softw
are provide single address space m

odel

    to applications program
m

er

- som
e system

s: distinguish betw
een local and rem

ote 

- each processor has its ow
n address space

- com
m

unication betw
een processors: m

essages (like e-m
ail)

- basic m
essage-passing com

m
ands: 

    references

send    receive

put  get
- com

m
unication betw

een processors: read/w
rite shared m

em
ory locations:

K
ey difference: In S

M
M

, P
1 can access rem

ote m
em

ory locations
w

/o prearranged participation of application program
 on  rem

ote processor
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M
essage P

assing 
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- S
ender and receiver rendezvous to exchange data

   
    O

verlapping of com
putation and com

m
unication is critical for perform

ance

x : =
 ....

........

.......
......

.......

S
rcP

D
estP

S
E

N
D

(x, D
estP

)
R

E
C

E
IV

E
(y,S

rcP
)

P

F
M

F

P

M

B
locking S

E
N

D
/R

E
C

E
IV

E
: couple data transfer and synchronization

- S
rcP

 field in R
E

C
E

IV
E

 com
m

and perm
its D

estP
 to select

    w
hich processor it w

ants to receive data from

- Im
plem

entation: 
            - S

rcP
 sends token saying ‘ready to send’    

            - D
estP

 returns token saying ‘m
e too’

            - D
ata transfer takes place directly betw

een application program
s

                w
/o buffering in O

/S

one possibility: new
 com

m
and T

E
S

T
(S

rcP
,flag): is there a m

essage from
 S

rcP
?

         - receiver cannot do other w
ork if data is not available yet

         - sender cannot push data out and m
ove on

- P
roblem

:
- M

otivation: H
ardw

are ‘channels’ betw
een processors in early m

ulticom
puters

H
istory: C

altech C
osm

ic C
ube
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P

F
M

F

P

M

P

F
M

F

P

M

N
on-blocking S

E
N

D
/R

E
C

E
IV

E
: decouple  synchronization from

 data transfer

x : =
 ....

........

.......
......

.......

S
rcP

D
estP

S
E

N
D

(x, D
estP

,tag)

N
etw

ork

R
E

C
E

IV
E

(y,S
rcP

,tag,flag)

- S
rcP

 can push data out and m
ove on 

- M
any variation: return to application program

 w
hen 

        - data is out on netw
ork?

        - data has been copied into an O
/S

 buffer?

- T
ag field on m

essages perm
its receiver to receive m

essages 
    in an order different from

 order that they w
ere sent by S

rcP

-  R
E

C
E

IV
E

  does not block 
- flag is set to true by O

/S
 if data w

as transfered/false otherw
ise

-  A
pplications program

 can test flag and take the right action

- W
hat if D

estP
 has not done a R

E
C

E
IV

E
 w

hen data arrives from
 S

rcP
?

- D
ata is buffered  in O

/S
 buffers at D

estP
 till application program

 does a R
E

C
E

IV
E

C
an w

e elim
inate w

aiting at S
rcP

 ?

C
an w

e elim
inate buffering of data at D

estP
 ?
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P

F
M

F

P

M

P

F
M

F

P

M
x : =

 ....

........

.......
......

.......

S
rcP

D
estP

N
etw

ork

A
synchronous S

E
N

D
/R

E
C

E
IV

E

IS
E

N
D

(x, D
estP

,tag,flag1)
IR

E
C

E
IV

E
(y,S

rcP
,tag,flag2)

- R
E

C
E

IV
E

 is non-blocking: 
           - returns before data arrives
           - tells O

/S
 to place data in ‘y’ and set ‘flag’ after data is received

           - ‘posting’ of inform
ation to O

/S

       

    before m
essage arrives at D

estP

- S
E

N
D

 returns as soon as O
/S

 know
s about w

hat needs to be sent

- ‘F
lag2’ is w

ritten by O
/S

 and read by application program
 on D

estP

- ‘F
lag1’ set by O

/S
 w

hen data in x has been shipped out

- A
pplication program

 continues, but m
ust test ‘flag1’ before overw

riting x

- E
lim

inates buffering of data in D
estP

 O
/S

 area if IR
E

C
E

IV
E

 is posted 
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S
o far, w

e have looked at point-to-point 
com

m
unication

C
ollective com

m
unication:

- patterns of group com
m

unication that can be im
plem

ented m
ore efficiently

   than through long sequences of send’s and receive’s

- im
portant ones: 

- all-to-one reduction

- all-to-all broadcast

- one-to-all personalized com
m

unication

- all-to-all personalized com
m

unication

every processor sends a piece of data to every other processor

(eg. adding a set of num
bers distributed across all processors)

        (eg.  A
*x  im

plem
ented by row

w
ise distribution: all processors need x)

each processor does a one-to-all com
m

unication

one processor sends a different piece of data to all other processors

- one-to-all broadcast
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123
4

6

75

0
1

3

3

3

2

2

3

E
xam

ple:  O
ne-to-all broadcast

A
ssum

ing m
essage size is sm

all, tim
e to send a m

essage =
 T

s +
 h*T

h 
w

here T
s =

 overhead at sender/receiver
            T

h =
 tim

e per hop 

T
otal tim

e for broadcast =
 T

s +
 T

h*P
/2

+
  T

s +
 T

h*P
/4

+
 .....

=
 T

s * logP
 +

 T
h*(P

-1)

R
eality check: A

ctually, a k-ary tree m
akes sense because processor 0 can send

                        m
any m

essages by the tim
e processor 4 is ready to participate 

                        in broadcast

(intuition: think ‘tree’)

M
essages in each phase 

do not com
pete for links
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1
2

2
2

2

2-D
 M

esh

S
tep 1: B

roadcast w
ithin row

 of originating processor

S
tep 2: B

roadcast w
ithin each colum

n in parallel 

T
im

e =
 T

s logP
 +

 2T
h*(sqrt(P

) -1)

O
ther topologies: use the sam

e idea
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M
essages in each phase 

do not com
pete for links

E
xam

ple:  A
ll-to-one reduction

123
4

6

75

0
1 2

2

1

1

1

1

P
urpose: apply a com

m
utative and associative operator

contained in each node
(reduction operator) like +

,*,A
N

D
,O

R
 etc to values 

C
an be view

ed as inverse of one-to-all broadcast 
S

am
e tim

e as one-to-all broadcast

Im
portant use: determ

ine w
hen all processors are finished w

orking
                         (im

plem
entation of ‘barrier’)
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E
xam

ple:  A
ll-to-all broadcast

123
4

6

75

0

0

12

3
4

5 6

7

123
4

6

75

0
01

2
3

4 5

6
7

- Intuition: cyclic shift register 
- E

ach processor receives a value from
 one neighbor ,

    stores it aw
ay, and sends it to next neighbor in the next phase.    

- T
otal of (P

-1) phases to com
plete all-to-all broadcast

T
im

e =
 (T

s +
 T

h) *(P
-1)  assum

ing m
essage size is sm

all

- S
am

e idea can be applied to m
eshes as w

ell: 
      - first phase, all-to-all broadcast w

ithin each row
      - second phase, all-to-all broadcast w

ithin each colum
n
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A
 M

essage-passing P
rogram
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G
oal:  P

ortable P
arallel P

rogram
m

ing for 

            D
istributed M

em
ory C

om
puters

- E
ach vendor had its ow

n com
m

unication constructs
      =

>
 porting program

s required changing parallel program
s

            even to go from
 one distributed m

em
ory platform

 to another!

M
P

I: M
essage-P

assing Interface

- M
id 1994: M

P
I-1 standard out and several im

plem
entations available (S

P
-2)

- M
P

I goal: standardize m
essage passing constructs syntax and sem

antics

- Lots of vendors of D
istributed M

em
ory C

om
puters:

    IB
M

,N
C

ube, Intel, C
M

-5, .....
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A
b

- one m
aster, several slaves

- m
aster co-ordinates activities of slaves

- M
aster initially ow

ns all row
s of A

 and vector b

- S
tyle of program

m
ing: 

M
aster-S

lave

- S
laves are 

- slave perform
s product, returns result and asks for m

ore w
ork

- m
aster sends a row

 of m
atrix to slave

- each slave com
es to m

aster for w
ork

- M
aster broadcasts vector b to all slaves

W
rite an M

P
I program

 to perform
 m

atrix-vector m
ultiply

self-scheduled

- V
ery naive algorithm

, but it’s a start.
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K
ey M

P
I R

outines w
e w

ill use:

M
P

I_IN
IT

 : Initialize the M
P

I S
ystem

M
P

I_C
O

M
M

_S
IZ

E
: F

ind out how
 m

any processes there are
M

P
I_C

O
M

M
_R

A
N

K
: W

ho am
 I? 

M
P

I_S
E

N
D

: S
end a m

essage

M
P

I_S
E

N
D

(address,count,datatype,D
estP

,tag,com
m

)

perm
its entire data structures

to be sent w
ith one com

m
and

identifies process group

M
P

I_F
IN

A
LIZ

E
: T

erm
inate M

P
I

M
P

I_R
E

C
V

: R
eceive a m

essage (blocking receive)

M
P

I_B
C

A
S

T
: B

roadcast 
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