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Conflicts between 2 vector transfers
in Cray=XMP computers

Rémi Putel

INRIA

RFSUME ¢ :
Cette note examine un aspect du foactionnement de la
mémoire des Cray XMP, et compledte l'analyse de ce syst &dme de
mémoire effectude par Cheuna [1]. _

fette &tude correspond principalemeat au cas ol deux
.acceds simultands 3 la mémoire sont effectués par un seul
processeur pour des transferts de blocs vectoriels avec
incrédments différents. Ce genre de situation est d'une part
‘assez fréquent dans Lles codes scientifiguesr, et d'autre part
conduit 3 wune dégradation de performance importante, qui peut
aller jusau'a diminuer la vitesse de ces transferts simultanés
d'un facteur 2. . , '
. L'analyse a &t8 faite 3 partir de simulations et de
tests rédels, .

On ne s'est intéressd qu'au cas d'un seul processeur,

- sans prendre en compte les dégradations de performances

résultant des acc®s simultands 3 la mémoire par un ou plusieurs
autres processeurs de l'ordinateur., et des transferts
d'entréde~-sortie.

ABSTRACT : , '
This paper examines an aspect of the Cray~-XMP menory '~
system bhehaviour, and completes the analysis of this memory
system done by Cheung [11]. : e

This study is mainly focused on the case where two
simyltaneous accesses are done between memory and a CPU for
vector block tranfers with different strides. This kind of
situation is in fact frequent in scientific programs, and leads
to a noticeable degradation of performance of the transfer
speed, which may be decreased in some very bad but rare cases
by a factor two. The analysis was done by means of simulations
and real runs. :

The case of a single CPU is the only studied :; the

other deqradations of performance resulting of the interaction’
between CPU's or of 1/0 transfers are not examnined.
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T Memory system working princinles
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The Cray=-Xwpo memory systems architecture anA
functionning are described in Cray osublications [23,031. We
will aive here their princinal features.

The memory is comoosed of chios shase cycle time is 4
cycles of C°U, I'n order tn keen maximum d2rfyrmances and speed
of transfer, the memdory is divided in iaterleaved nanks (their
number is a nower of two in nrder to nake 2asy the adressing)
these banks are arouoed in sections 5f 8 banks.(1) These
sections are independant for each C2J. Each C€2J has four
access ports to> the memory, one of then is devated for 1/9
transfers, It is nossible to simultaneously carry out twd
vectnrial load transfer an1 one vectorial stare transfers (and
then - in the best case =~ to carry 34t 13 Jiadic speration at
the rate of 57 result »er CPU cycles, 33°rands loading and
results storing included),

banks

Access _
path with
section
group of
other

processor

0 1 2 3 Sections

One CPU

T T R T N T T N e e - e w - A e W

(1) 4 for the Cray Xup-2>
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Fach vectorial hltock traasfer instruction is
allocated to on2 of the three myectorial® oorts (two ports for

loading transfers, one  for storing traasfers), Zach time 3

port s allocated, it becomes reserved Jntil all elementary
access request of the transfert are completed, ~'These

.elementarvy reauests (one word each) are. iadividually and

serially scanned, in order to detect memdry access conflictse
and no elementary request of a transfer can ae executed,be¥ore
the previous would be (for the same traasfer)., So the requests
are executed serially inside 2 transferes at the maximum rate of
one hy CPU cycle (we shall now say cycle iastead of CPU cycle).

: ~ The simultaneity of access to memory between
different instructions has four consejuences. 2

- There is a passibility of conflicts between different
instructions for gaining access t? the same bank at the
same time, or to the same sectisn inside a €°U (as for a
bank, at a given time there is snly one access altowed
to a section, but section reservation is only one
cycle).

- The rate of one access per cycle can 15t be juaranteed.

- A priority mecanism has bheen iatrodiced to solve the
simultaneous access conflicts.

L. when necessary, the serial execJtion of hlock transfers
can (and must) be ensured Dy ned nard4are instructions.

I.? Conflict resolution scheme

Conflicts can occar netueen elemeatary reajests.

- of a same instruction (case &)

- 0f different instructions executing on the same CPY
(case 3I) :

- or on different €PN (case C).

Thege conflicts are of three kinds ¢

, .
- Simultaneous access to the same bank (“Simu[taneOJs hank
conflict” in F21) ', (in cases 3 ).

- Access to a bank reserved fsr 4 cycloes by a orevious
_access ("3Iusy bank conflict™ ,» (ia cases A, 3, O).,

- Simultaneous 3access to the s3amne section ("Section
conflict”) » (in case ). '



Notes @

This Last ¥ind of conflicte which can only arises
heiween Aifferents reaquests of a  sanme tPJ, dnes o0t exist in
rray=-1 computers, ‘ ‘ :

The reservation Aduration of a s2ction is one cycles
and so delay a!ll other instructions reju2sting access to this
sectjon,

The oriority of an elementary rejuest is aiven by the
following rules :

~ Retween differenats nrocessors @

In Cray XWP=22 and ¥X“P-?24, the sriority poermutes every 4
cycles.

- Inside a processor @

- add stride transfers instructions have sriority on
those with even stride and scatter-gather transfers,

- with same stride parity, tne requests of the first
instruction initiated have priaritye Y

-~ gcatter-qgather transfers always have the Llowest
priority (these transfers exist oaly for Cray XWP=-42),

Motes

When there are conflicts, results cannot »ne detivered
at each cycles, but chainina vet Ddccuarse, in ooposite with
tray-1S,

"n a oprocessors, as only 21e dinastruction can be
initiated at each cycles, and as each wvectorial transfer
instruction must be oreceded by the jaitialisation of the
address renistsr AN, a minimum of tad> cycles senaratzs each
vectorial transfer instruction initiation. :

when only two instructions conflicts there never will

he nriority permutation, either because strides have different
sarities, nr hecause there is an initiatis> arder,

4
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TI.1 Working orincioles

A simulation  oaf one or ' t4d - vectoar transfer
instructions can be done, nossibly with chainings, in reading or
writing mode for the seconAd, These iastructions will be noted
A and B.

The two instruction . simulations- are "initiated"

independantly, and delay hetween these twd initiations can »oe
specified. '

For each stride nair tested, th2 <simulat%an is done

for all initial configurations, i.e. for all initial bank ga»s
(this aao is of course taken modulo ths total number of nanks),.

Therefore we obtain minimum, maxinidn 3131 mean times of
execution for each stride nair, o

. The non unit stride is to be taken anly between 1 and
NR  the total ~umher 5f bank of the comnduter(1) ,» all others
strides give identical results, So 42 have onaly N8 % NB x 2
simulations to run.(?)

Yhen the second instructisn is a3 writing one, we
suppose that it is chained with the first instruction (always 23
readina transfar), either directly (cooy of a wvector for
examnle), or wvia an onseration ;  behaviour of the instructions
is not the same in this two cases, A ~eq kind of instruction
holding can hanpen in chained mode , whea the o9perand is nnt
ready., The simulator then prints the index 2f read and written
vector reqister compsnents (the index of the ooerand register
can never bhe greater than the index of the last loaded register
comnonent), '

The wvaryina delay is wused t> take in account the
effect of the execution of a vector oderation hetween the loa+
-and the store (for exawmnle : PC(i) = A(i) + Cte),

This node af simulation will ~A3w Do designated as the

LS mode (Load~Store), whereas the other 4ill 28 denoted LL mode
(Load=l.nad), _

The LL mode <corresnonds, for cexamnle, to the case
where two operands .are loaded simultanesusly for an opberatinn,
(1) 14 for XMp2?2, 22 for X¥WP24L, AL ¥or XWP4LP

(2) On a Cray 1-S, for A4 bankss, only 14 secands of €PU, without
printing the ressrvation tables ')



with no immediate storinn of results (that do not match the
case of a diadic oderatinn, but aooslies to Llittle more
complicated operations), The LL mode alsy <corresssnds to the
storing of a result of a precedent operatisn, simultaneous with
the Loadina of an operand 2f a new operatisn.

The rules descrihed in the sarajrash I.? are applied
at each simulation cycle in oarder t> dJetermine the %ank and
section reservation, and the state changes of instructions A
and R,

The choice of the detay in the _S mnode is usualty 17
(vector copy)s 1748 (floatina add with scalard), or 17+)
(floating multioly with scalar). In the _L node, the range of
choices is agreater, hut the duration that se2jarates two vector
transfer instructions is at least twd <cycless, so ase have
focused our interest 2n this case, witn 3 maximum sverlapoing
between the transfers, TIn.fact, due to the opartial thaining
capacity of the Cray-X¥P, it is important to minimize the delay
detween the loadina of the first operand 3n3d the start of the
operation, start aiven by the avaitibility of the second
operand,. (1) :

Moreover, unlike the cases examined by fheung [1] -
which were restricted to enual stride simultaneouys transfers -
the two instructions are svstematicaly idaitiated at different
times. The repartition of kind of conflicts arising is not the
same as the one with simultaneous initiation. The Jelay of two
cycles may in fact aspear arbitrary, sut sthers delays give
slightly different results, TIn LS mnode, 4ith the chaining
condition, the prohlem disanpears.

Tt seems als> that the most significative measure of
performance is not the mean elementary request acceptance
ratio, but the mean tntal time of comoletion of the tws
instructions (suppnsingy that no other transfar Jperation occurs
durina their execution ; this 1is not a great restriction since
the simulator is abhle to accept vector levatr multiole of 64),

"Tn LL mode, the total time directly gives the duration of
operations chained on transfers,

The stride pairs tested were all of the form <1,i> or
<i,1> (using Cheuna's Antation), w2 shall show that it js
sufficient to cover all the cases ia 253r3arash TI1,5, They
were tested princinaly in LL mode, because . mode qgives rise
to very complicated and more difficult t> axplain conflicts.

D O T o o " 0 e "t " > ™~ - e e W e

(13 We can not assume that the compilar s able to minimize the
delay between the two loadinas, so this twd cvcles delay may be
very rare in practice).



1T.2 Dutoputs

BERY

The direct result of a simylation 1is 'a rmemory
reservation table (Xogae » 81 [41), 3iviag at each CPJY cycle
and for each bank and section of the memory system a mark.
This mark identifies the, instruction an elenentary request of
which has reserved the hank or section. ‘ o

A short exslanation 4is 3d4e4 in case of request
holdina (givina the kind of conflict). ‘

More analytic results presented for each stride oéir
are the following :

= mean duration, assuming an uaifora resartition in the
interval [02,.N3-1) of the initial bank gan between the
two instructions,

= minimum and maximum duratisn,
= mean duration of the first completed inastruction.

= oeriod of the memory reservatioa tansle pattern :
AL the initial hank gao cases dJevelon in a periodic
phase (catled steady state phase o2y Ch2u13), and, inside
this period, the same kind of sitsatinn can appear, with
‘ a circular shift madulo the total aunser of banks. The
duration between this quasi-identical situations is a
sub-perinod named P, In fonction 5f the initial bank 9as
the period may vary. The sccurencas 5f this phenomenon
will be nointerd out.

= the numbers Ra ani Ph of eleneatary requests accepted
durina a sub-neriod, for iastructisns A 314 3.

- mean infered duration =
The mean duration T can bhe aosroximated from the
sub-perisd P and from the ~umbars Ra and Rb in the
followina way :

We suopose here that the iastruction & ends first,
With VL the vector lenath (in 1..54) , we have

T(end A)
T

VL * (P [/ Ra3)

T(2nd A) 4+ numnher >f r2m3aining 3 requests
T(end A) + VL - VL * (2> / Pa) &« (Rb / P)
VL * (1 + (P - Rbh) / R3)

i

More generaly, the formula is :
T = VL * (1 + (P - min(RasRH)) / nax(Ra,Rbh))
Moates

1) Accentance ratio durina the periodic dhase is :



(Ra + Rb) / (2 + »)

2) The formulas of infered mean time 45 nst anoly if conflicts
5ccur between elementary raaguests of a same instruction (ie the
supoosed transfer rate for the lonely iastryction is 1)

3) The wvalidity of the formula is cdoiserved in the puyre
transfer LS mode for any VYL, since the use of the same vector
reaister for A and 3 ia the chained ldad-stare operations
implies that a double reservation on this vector, which ends at
the end of 3 plus S5 cycles, aiving then a syachrpnisation after
"each A4 elements transfer., This is nst the case ashen an
operation is chained between the tw> transfers, there is ns
more double reservationn.



TYI Results
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The notation <i,j> indicates that the first initiated
tead has stride "i" and tha second stride bl
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t <i,1> conflicts
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ITIv1.c Cray=X™P22 : <1,i> conflicts
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<1,2>

<1,3> 2 <¢3,1> :

(107)

<1,10>

. €1,14>
€1,17>

<1,31>

€1,?2> ;

sect,

n12z

- . .
DQ»’D%)U‘&»&N"
]
-

et X X N
O W NN AD™ Ny -
3 » D >

> >
- 2 > D >
> >
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The most frequent

illustratiap pf the dattern modification with
initiation dermutatiogn

instruction conoleted hefore the

the second first
initiated
an example of yery conplex pattern and conflict

chaining

pattern modification with the iaitial bank gao
a pair quasi equivalent to <1,1>

a both bank conflict case !

A sub-perisd is nointed out oy "|" 5, the right side.

initial banks 0,N 7 99 cycles
banks
n 1 2 3
012?45679901?365679001?!65678931
A
AR
AAA ==~ %3nk conflict -
AAAA =* d3nk conflict
AAAA == line conflict
B AAAA :
B AAAA == line conflict
7 B AAAA
B A AAAA7 == line conflict
B 3 Aap2
B 3 Apraa == line conflict
"3 R AAAg
3 R AAAA =~ line conflict :
9 R AAAA
R o Aaan ==~ line conflict :
R 3 AAAA
R B  AAAA == line conflict H
3 3 AAAA ‘
3 3 Aapp == line conflict

14

stride saijr sbserved in programs.

w
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<1,3> &t initial banks : PP 2 _.. cyctes .
sect. hanks
n % 2 3
n123 u12365679?3?23L§5?9“3??%5%573;}1”
1 A - A
R | ~ AA
3 A = AAA : . =" bank conftict
4 & -~ AAAA == bdank conflict
S A ~ AAAA : " == tine conflict
A AA - B AAAA o
7 A - R AApA == hank conflict
R A -8 ARAA == tine conflict
9 A B = 8 B AAAA
10 A - 3 AAAA == bank conflict
11 A - 3 ARAR -= Lline confltict
12 A - 3 R AAARA .
13 A - B AAAA == bank conflict
146 A - R AAAR == Ltine conflict
<3,1> : initial banks : 7,7 ; 112 crcles
sect, hanks
n B | 2 . 3
n123 N1234S67RIN1234654799N12345472201 .
-1 R - A
? A - A A
3 A - A A A -= bank conflict
VA | - A A A A -= bank conflict
5 A - A A A A == tine conflict
6R A -8 A A A A ,
7 BA- - AR A A & »
8 A8 - naapg A A A A
9 A A - mRBRe LI
1N 8 A - ApR32 AA KA
11 BA -  PpR3B AR A A
12 AR - A p3gmE A A A
12 7 - A 3I3RAQ AR & -= haak conflict
14 A - A A3Rg~A " A == Fine conflict
15 n - A & pAap - == hank conflict
16 R - A 9nAj3 == bank conflict
17 na - A AR33
18 R - AR33] == bank conflict
19 n - A 3233 == hank conflict
20 R - A QA’pgy == bank conflict
21 pr - AjRRm == Lline conflict
2?2 R’ - A RAY == hant conflict
23 n - A RAA . -- hank conflict
24 AA - A ARAR B
?5 R - AR3OR == bank conflict"
26 !Ro- A 73AB? =~ bank conflict
27 . R - 4 onpn = hank conflict
28 A - ARAQ == tine conflict
290 n - A RR3 -- bank conflict
N A - == bant conflict
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<1,7>

-
D0 VNN DN

11
12
13
14
15
14
17
18
19
2n
21
22
23

24
25
26
27
28
20
n
21
32
2
74
35
36
37
3R
79
4n
41
42
43
44

45

46

47

sect,

0123

initial banks

banks

n

A

A

AAA
AAAA

AAAA
R OAAAA

D DL LD

2D PD

DD DD

1

AAAAR
AAAR
AAR
AR

AA
AAAQ
AAA3
AAS
A3

2D DD

[irs

A

DD® D

D NN

DB DD

w8 D

A

)

D U LD

AAAR
AAAB

AAR

@ MWW

A

4 D DD

3

AA
AAAD
AAAR
AAR
AR

A

e N

O DD D

A

P 192 cycles

2

D DD W
DDLOwW
2B DD

DR DN

AAAR
AAMR

D NN

AR
A

14

3
b

AR
AAAR
AAAR

AAD
A

AA
ARAR
AAAD
Y]
A3

W W W W

ow N MM

W Ww

W ww w

3

N123456783N123454790N12245478901

D W D

M

W oW W

- -

bank
bank
line

bank
hank
hank
Line

bank

hank

bank
line

hank
hank
Hhank
Line

hank
bank
bank
Line

bank
hank
5ank
line

bank
hank
hank
line

bank
bhank
bank
line

conflict
conflict
conflict

conflict
conflict
conflict
conflict

conflict
conflict
conflict
conflict

conflict
conflict
conflict
conflict

conflict
conflict
conflict
conflict

conflict
conflict
conflict
conflict

conflict .

conflict
conflict
conflict

conflict
conflict
conflict
conflict
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<1,10>

-
DO BXINDIPADNNY -

- 3 s

14
s

16
17
12
19
2n
21

?2
23
24
2S
2h
27
28
29
zn
31

32
23
34

%5

24
37
3R
79
4n
41
4?2
43
b4

S 4S
46

sect,

ny123

~e

initial baaks N,N

193 cycles

3

SwWw DD

& www

8
A
aaq
AAAR
AAAY
AnA
AR
L}

banks
n 1 -7
“1234567ﬂ901734567£901236557390]
A
AN
AAA
AAAA
AAAA
B AAAA
B AAAA
R AAAA 3
A AAARAE 3
LYYEE] 3.
AAAR ]
AAA 8
TYY) a
R AAA A
R AAAA "
R AAAA Q.
R ABAA  n
A AARA
A AAAR
R ANAS
YYY!
ARAR
R RAAA
8 AAAA
A AARR 3
oA ARAR 3
Y o AAAA3
3 q AARY
.3 a RRA
£l Y ELY
r n R oA
R a .3 A
R A 3
R L ]
A R 3
AA 2
AAA )
LYYy '
AAAA
8 AAAA
R AAAA
) AARA 3
) AAAA 3
AAAA3 2
AAA] C
AAA a
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bank
bank
lLine

Lline
tine

bank
bank

Line

tine
hank
bank
bank
line

Line
" line

hank
bank

Line

tine
bank
hank
hank
-~ line

lLine
tine

bank
naank

conflict
conflict
conflict
conflict

conflict

conflict
conflict

conflict

conflict
conflict
conflict
conflict
conflict

conflict
conflict

conflict
conflict

conflict

conflict
conflict
conflict
conflict
conflict

conflict
conflict

conflict
conflict

se %0 se se e 1] "¢ so s

0 W o

.0

4} O B 0w w

>

0

o
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sect,

ni23

p-J

initial banmks 0,2 maxinygm covflict

hants
n 1 > . 3.
ﬂ1?365678901236*67!00121&5673?01'
- A
- AA .
- AAA .-
- AAAA -
= AAAA -
- AAAA . -
~ AAAA --
- B AAAA
- P AAAA _ .-
- P AAAA n
- R AAAA 2] -
- AdAg n 3
- AAAA n 3 .-
- ARAA 3 e
- AAAA . | .-
- AAAA . -
- : AAAR -
- ’ 3 AAAA
- 3 AMAA : -
- A AARA 3
- q AAARA 3 --
- A AAAA 3
- ] ANAA 3 --
- n AARA --
- A _ ARAA .-
- , AAAA --
- T AAAA --
initial banks 7,12 ; minimum earflict
n 1 2 3
012?45679?01?365679°ﬂ1?!656759“1
- A
- AR
- AAA :]
- AAAA 3 3
-  AAAA ] 3 --
- AAAA A 3 3
- AAAA R 3 --
- AAAAR 3
- JAAAP 2 -~
- I ANe n 3
- B 3 AAA [ 3
- 8 3 AAM ) --
- B rABA 0 3
- 8 AARAN N .-
- AAAAR 3
- JAAAR 3 --
- 3 AAS 3 3
- ) 3 AAA 3 3

19

2 112 cycles

tine
bank
bank
bank
tine

line

Line

“line

2ank
Sank
bank
Line
Line
Line
line
bank
hank

bank
Line

tine
Line

bank
lLine

line

bank

conflict
conflict
conflict
conflict
conflict
conflict
conflict
conflict
conflict
conflict
conflict
conflict
conflict
conflict
conflict
conflict
conflict
conflict
conflict

cycles

conflict
conflict

conflict

conflict
conflict

conflict
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P

~
-

N A
NN

€1,31>

LAV I R . N Y S S T A §
DOV NN WN D

ANV VNN YN
DO 0 AP NS NN

7

N
JEN

3

3S
36

=7

z

19
40

41

O 90NN DN e

sect.

RA
AB
RA

" AR

RA
AR
BA

AR

RA
AR

. RA

AR
CY

AR

BA
AR

.o

11

initial banks @ N,0 7 72 cycles
banks
n . 1. .2 - 3
N1234567830123454720N12245478791
)
AA
AAA
AAAA
AAAA
R AAAS _
8  AAAA A A 3
R AAAA 33
] AAAA A 333
AAAA , 3333
AAAA 3333
AAAA o 3333
ARAA 3333
AANA 3833
AAAR 3R83
AAAA aRARg
ARAA 3339
AAAA RB3A
AAAARRAR
AAARRR
AAARR
AR
|]A
RaAA
AAQAAL
IRAIAAAA
93RAR  AARA
RRAQ ARAA
33193 AAAA
33893  AAAA
2387 . AAAQ
SEEL] AAAA
R2333 T AAAQ
AR3R AAAA
RAR3 : Y YY
A 8RA/A , . AAR
AA  233R% : AA
AAAR3IY : _ !
ApARTY
AARS
‘AR

10

== bank conflict :
- bang conflict ¢ R
== Lline conflict ¢ 9°

.- both.bahk conflict’
== both hank conflict’
= hoth 2ank conflict’

=~= hoth bank conflgct
== both hank conflict
-- 5oth bank conflict

i
i
|
!
!
|
l
!
1
!
|
!
|
]
{
!
!
!
!



| Stridel mean T | maxe T ! min, T | End 1 1t Per, | Ra | Rb | infer., T
————————————————————————————————————————— P S D D n g Y S P W T R P L e e s e W .-

1, 21 97.% | 100 I 94 I 43,2 11 ? P 2 ! 11 25

b2, 1 94.1 | 99 | 9s b 65.3 11 { | |
------------------- '----——----—-—-—-—-—--h—-—ﬁ-‘-c---—-———--'--—?—---—---

1, 461 111,01 115 I 107 I 63.2 11 & 141 1 112

I 4, 11 110,31 113 1 1R | 65,7 |} | 1 |

1, 61 1147 1 120 o114 I 53,3 11 5 1 41 1 117.3

A, 1 1 116,31 1109 I 118 I 65,7 11 I | }

t 1, 81 104,77 | 106 Io1n2 bo77.6 10 12 t 81 51 194

I R, 1 1 104,00 | 104 I 103 I 8’02 1 | 1 {

I 1,101 100,9 | 103 | as I 66.9 11 17 1 161 B8 | 122

P 1n, 1 | 100.3 1 107? ) 99 b 49,1 11 ! | !

I 1,12 | R2.2 1 85 ! R1 1 63,8 || 6 1 41 3 20

112, 1 1 0.8 1 83 ! | N ! 65.8 11 ! ! 1

I 1,14 1 100,41 112 | P4 87,1 11 12 1191 3 13R,.8

i i | ! ! Hi 7 1t 451 5 1. 85.5

1 14, 1 | 94,7 1 111 l /5 71,7 11 7 V51 61 25.5

| ] | | I M1 10 301 10 ) 178.8%8

I 1,16 | 1446 .2 1 147 1 141 b 70,46 11 18 1 16V 71 108¢1)

b 16, 1 | 142,01 145 I 141 1 72,7 11 | ! {

I 1,18 | 97.1 1 100 | Qs I 63,4 1 2 1 21 11 25

1 1%, 11 06,3 1 G0 ! 98 | 6S5.5 11 1 | l

I 1,20 | R9.9 | 91 | 39 I 79,2 11 5 1+ 4 1 5| R3.5

| | | | | I 5 1. A0 2 16,7

20, 11 91.1 | 93 | 29 b 76,2 11 | ! |

11,22 1 95.0 | 98 | 24 I 72,4 11 2 S B I 75

b 22, 11 b4 | 90 ] XA I 75,4 11 | { 1

t 1,24 104,77 106 I 1" I 62,8 |} R 1 R 1 3| 104

I 24, 11 1M4.0 1 104 I 1R I 65.5 11 | | |

1,26 1 101,31 10% I 1NN I 66,7 1L 17 1 16 1V R | 120

I 26, 1 1 100,44 v 102 ! a9 b 42,8 1| ! ! |

1 1,28 | 93.5 | 94 f 92 I 74 i 8 1 71 5| 91.4

I 22, 1 92.0 .1 92 ! 02 76,1 1 ) f |

I 1,30 | 1M1.1 4 122 I 19 I 44,8 11 17 1 146 1 8 | 122

1 30, 171 100,001 101 | 09 t 59,3 1| | { !

b 1,32 | 265 I 266 I 263 I AS.5 | -t -1 - - (1

1 32, 1! 26N 1 241 I 2593 I 57,7 11 i i |

20
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7

I Stridel mean T | max., T | min, T | End 1 It Par, 1 Ra I Rb | infer. T |
I 15 1 01 68,50 82 1 A% 1 65 1.1 1 11 11 64 !
o1, 1 ) T "o woo 1«5 1 41 4 R0 |
I 1, 31 105.0 1 110 1 10+ 1 83,2 11 3 1 31 11 12%5.7 1
b2, 1010 113,91 119 1 117 0 761 00 7 1 21 61 117.3 1
L1, 50 114,51 118 1 111 - 1 63.3 011 S 1 S 1 11  115.2 |
IS, 10 101,61 106 1 9% 1 83811 7 1 70 30 117.4 |
I 1, 71 101.8 1 103 1 10 1 79 11 4 1 31 S 1 107.4 1
I 7,101 91,21 9% -1 29 | 43,7211 S5 1 51 3| 89,4 - |
I 1,91 .8.01 85 | =1 1 77.3 11 & | | 76.8 |
I 9,10 81,8 1 R4 4 8Y | 77.1. 11 m oy omoy om " !
1,11 0 113,91 119 1 110 1 761 00 7 1 20 61 117.3 |
L11, 11 105,01 110 1 101 1 83,2 001 3 1 30 11 1167 1
1,13 1 101,61 104 1 99 | 63811 7 1 71 31 "“100.5 |
1%, 10 114,55 1 118 1 111 1 83,300 05 1 S 4 11 115.2 3
b 1,15 1 8.0 1 8% 1 8 | 78.4 11 17 1 71 91 R5.3 |
115, 11 R6,0 1 8RR 1 BS 4 7R.4 11 7 1 51 6 | RS.3 |
I 1,17 1 70,8 1 82 1 A6 1 46911 1 1 11 1.1 64 )
I 17, 10 70.8 1 R2 1 A4 1 4.9 11 xS | 41 4 | 81 |
b 1,191 102,81 110 1. 83 | 70,7 11 8 | 54 7| 91.4" |
119, 11 92,8 1 94 1 91 | 71,301 x4 1 &1 21 116.7 1
1,21 0 82,9 1 B& 1 70 | 77.1 01 29 1 16 1 1 75 !
21, 101 Q2.3 1 R6 1 7% 4 77.3 001 o omyom " |
I 1,231 91,20 94 1 9 | 4%.7 11 S5 1 S5 1 3| 9.4

123, 11 101,81 193 1 1n0 1 70 11 4 1 34 51 102.4 .
I 1,25 1 R.1R 1 84 1 =1 1 77.1 11 | i i 27 |
i 25, 1 1§ 2.1 | 885 | RN | 77.3 11 " ! "o "o " |
I 1,27 1 92,8 | 94 1 091 | 71.3 411 = 1 71 5 | 91,4 |
27, 11 102,88 1 110 1 R0 ° | 7007 11 x5 1 41 201 114.7
I 1,29 1 R2.3 1 B& 1 72 L 77.3 001 20 1 16 1 16 | 21 !
1 20, 11 82,91 86 1 72 1 77.1 11 " 4 moqy w " |
I 1,310 78,4 1 80 1 75 1 74.1 11 19 14 1 16 1 7% |
131, 1 1 78,4 1 8’0 1 7% | 74.1 11 12 1.15 1 16 1 7% i

" The asterisk points out a change of the perinsd 7 the periods of the

inversed stride pair can then be  deduced from the conjugate pair
results (see 111,46 generalisation)
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T11.5 Comments

The performances are very variabloe,

The soeed slackening goes from 2 % to 91 %, for LL
mode as for LS mode, :

In the Cray-X“rP24 simulatisns se can obsery the
period modification for the cases (1,1) , (1,14) , §1.15)
(1,17) » (1,19) , (1,27).

As there is no oriority modificatisan hetween unit
stride and even stride when initiation times are permuted, only
transient nhases are nodified, and thare are Little differences
between the two simulation <1,i> and <i,1> ; in facts, on or twd
cycless, excepted the <1,14> case already characterised by its
two periods, ' '

On the other hand, wvery strony differences exist for
the conflicts <1,0dd> and <odd,1>.

The simulations in LS mode showed similar differences
with initiation order bpermutation, for even as for odd strides,
in this case due to the chaining mechanisnm.

The correlation bhetween infered nean time and the
mean time both ohtained by simulatisn is 3ood. ‘This result
shows the minor imnortance of transient shases for this kind of
conflicts in LL mode., fact also confirmed in ageneral by 3
slight difference hetween minimum an4d naxinum dirations., Large
differences are in fact revealing the oeriad changes in
function of the initial bank aap. The reciorocal is false, as
shows the (1,15) pair, with two periods 3nd the same infered
mean time,

The <1,7> conflict illustrates the fact that same
index elementary reocuests of two instructisons are not satisfied
in serijal order on the fray-¥M2 conpitars: here the second
initiated instruction is completed before the end 5f the first
one, To insure the serial order of these requests when
necessary, new hardware instructions have seea added :

CMR (Complete VMemory References) is haold nefore issue
unt il atl vector bhlocks tranfers curreatly executed are.
completed, ‘

and DAM  (DPisable PBidirectional Memdry transfers)
forbids simultaneous loads and stores,. (1)

-’-----‘-------—---w-- ————————————— - - e - o

(1) These instructions are also very wusesfyl for synchronisation
' hetween processors,
r 2P
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I17.4 Generalisation to the case of twd any strides:.. ..

---—--—-—-—-—---------—---——————--------------—---—,.,v:'

Tf pairs of strides'usually found in scientific codes

are of type (1,i), it is however interesting having a
the general case (i,j). :

Preliminary result

A poser o5f two anig an »5dd aamnber are
relatively prime,

This result is at the basis 3f all the fo
discussion,

Cheung mentioned in his paser [1) that the
two eaqual odd strides s eouivaleat to the <1,1> ¢
renumbering of ‘the banks,(1) The case of two equ
strides was alss discussed 7 there are tud sJyh-cases :

= If the initial bank aqap is o544, the two t
instructions do not interfer, and are sxecuted in >
without any conflict (excented the patholagic strides
LR, ...) . :

look on

always

[lbwing

case »of
ases hy
al even

ransfer
arallel
16, 32,

- If the initial banV gap is evear, conflicts osccur of
type (i/?,i/?) in a reduced memory systen (half banks, half

_sections),
and more aeneraly, if 2 ** k (twd at oower k) divides

the twn

strides, there are 2 «% k syh=-cases, all 5f them of the first

type except one,

These results can bhe qenerélised to> the aener
of two different strides.

_ I1f one of the stride is 944, thea the
isomorphic to -a case with wunit stride, -again using
hering 7 from oretiminary result, with o044 "i" ,there
exists a number "k" suych as i * k = j (mdduls 32) since

invertible, and so <i,j> and €1,¥> are jdeatical.

-y W G GS D e e -y > - — - LR R R . )

(1) From  the preliminary result, the anplication k => 3 %
72/3%2 2 in itself is a one to one mapping «hen "i" is odd,
the inverse of the wanted renumbering, 32 is the total
of bank, here for Cray=-X¥P24, and the rosylts are similar
and A4, .. :

23

al case

case is
renymn-
always
lli" is

k fron
and is
number
for 1%



As illustration, one can soe the exact similitude of
results for stride pairs <1,3> and <11+1> 2 <€1,5> and <13,1>
€1,7> and <23,1> ... in table T171.%3

Cases where the two strides are syen ajain give rise
to Adecoupled or reduced systems, Tables of oserfsrmance aro
aiven here :

We can notice that the results for <2%i,2%j> are in
averaqe better than thase for <isj>» due ta the decoupling, and
that the <4*xi,i*xj> stride pairs give juasi-uniform resultss, due
to the fact that the reduced memory syste2m  involves only one
section ! .

IStridest mean T 1 maxo 71 ninn 11 Eag 1y
V220 sals 1 e 0 es 1T
IR T e
N T PR
2.8 1 sens 1 115 0 ss 1 ania
210 1 sao 1 a0 s 1 erid)
212 1 sas 1 10 0 a1 seia
21t saas t tns 1 se 1 aina
| 216 1 147.e 1 ke 1 1ms 1 reiay
R T PR
220 1 a7 0 tns 1 as 1 aeiad
V222 1 meae 1 t1e 1 s 13l
2201 mena 1 1re 1 s e
I T I T PR
228 1 wels 1 e 1 s 1 7ai
U 1 e er 1 ae TR
2% 0 asees 1 ser 1 zss 0 aela

24
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v IStrides! mean T mAax., "ine T | End 1

" 4 61 s1.7 0 131 1 55 1 53

. A

| a1z 1 et.e 1 131 1 55 1 53
| 4s16 1 143. 1 103 1 128 1 63
| 4,20 1 %1.8 1 131 1 85 1 83
| G261 BT.e 1 131 1 55 1 83
| 428 1 m1.m 1 131 1 85 1 63
\ a3z 1 255.m 1 288 1 255 1 63

.
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T11.7 Real tests

ey -

T am indebted to A, Lichnewsky in performing some
tests on the Cray XMP-4R of Cray Research Inc., at Vendota, us,
The results of some of - these tests are described and discussed
here,

Two tnoos with a oair of sinultanesus transfers werse
tested :

a pure load-store transfer (copy) :

hO 1073 i o= 1, qul
AGi * ia) = B(i % ib)
1000 CONTINUF

and a diadic operation :

DO 2000 i = 1, ivl
ACi * ja) = B(i * ih) + (te
200N CONTINUF

The arravs & and R were declared s as to have a zern
initial bank qa>s. ’

The results are the qlonal duration of 1NNV
executions of each loon, in cseconds, given for vector lenagthes
of 254, 512 and 1024 Civl). From these measurss the loop
overhead can bhe eliminated, and we c31 condute the mean number

nf cycles of one execution of the looo body, Tn ¢comdoarison are

given the numher of cycles nhtained from sinulation, far zero
initial hank gaps, and for minimum and mnaximngm durations., Ag
two consecutive iteration nf a &4 elensat ls20 may interfer, 2
simulation with vectar lenyth multipls of 54 must he used.

Note

The simulations showed a interesting hehaviour of
transfers in the case where, in LL moyde, thes acceotance ratin
would bHe areater for the second reguest, Th LS mode, this
accentance ratio can not he oreater, s5r more accuratly, it can
‘not  remain areater durinn a Inng time : a relative lack of
drerand induced by this predominance »5f instructioa B against
instruction A occurs, anA P hecnmes alocked, not by memory
econflicts, but by the chainino mechanism. So the reservation
table shows patterns where hy turns 3 is oredaominant (and A
slowed), or B is hlocked, 3nd » increasing its nace.

26
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Results table

‘The fi
one

<10, 1>

|

1

t

P :
! <7, 1>
!

1 17, 1>
|

-1 <€ 1, 1>

Looo ?

WD - - - -

! strides |

rst stride is the loading one, the second is the storing

T 256 1T S12 1 T 1924 | Overd, | cyc Il 0-2, min, mnax
L05788 1 L106S2 | 2038 | ,NN%> ] 512 4] 443, 395, 472
<N5927 1 09142 1 1736 1 00218 | 433 11 4154, 412, 432
N&726 1 L08528 1 (1414 | .DI92 | 433 1| 448, 396, 477
05846 1 10820 1 2070 1 .0092 1 S21 |} 440, 380, 450
LNL498 1 08071 1 L1522 1 .NN923 | 374 |1 295, 384, 411
5220 1 .09517 1 L1810 1 D992 | 452 1) 474, 395, 454%
«N4231 1 ,07541 1 ,1415 1 ,DN92S 1 348 11 340, 324, 383
SNA343 1 07747 1 L1451 1 .0N92 1 349 1) 352, 348, 349
SN4192 1 07440 1 L1401 1 L1401 b 344 11 %324, 324, 38D

-‘-—----—---——---——n———-—-——------------—---—---------—------

CNSN22 1 .NROL 1 J1677 1 21135 | 412 1) 4R4, 476, 499
SNLR70 1 (02634 | L1414 1 01107 1 395 |11 404, 491, 411
LN4707 1 .0R317 1 1S5S4 1 _N1I95 1 38D 11 424, 332, 454
4973 1 08710 1 L1614 1 D125 | 393 1) 432, 430, 435%
LD4601 1 J0ROI7 1 L1510 | . N111) | 348 11 373, 348, 379
05201 1 ,09253 1 L1741 1 .N1129 1 428 11 438, 407, 440
LN4187 1 .N7270 1 L1471 U711 I 324 11 332, 332, 38)
<4597 1 N34 1 1564 1 D135t 384 11 343, 344, 348
SNG1R3 1 07273 1 L1242} 011 I 325 11 732, 332, 389

Except for two measures, all real test results fit in the

simulation
coarrespond
for the sec
bad,

The difforencss can 23ssioly result fron the

;implifibat

minimum=maximur duration intervals, 314 in 1eneral yell
to the 722ro0 initial hank aan simulation (almost always
ond loop). Only the accord with the <1,3> stride nsair is

ions done in the simulator, or, 5n aasther hand, from the

way the comniler generated the code.

Inspite of this restriction, we can s3y that

1) The accord ié aoad for the first L350, yet better for

the second. The simulation 3ives gssd indications for .

predictina behaviour of pairs >f transfers. .
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mode.

)

The decreasing of nerformance is characteristic of ‘tha &
vector register Adoyhle reservation, gag mentioned :
rarlier ¢ the secaond loon is faster than the first !

Some tests written in CAL will be dq5ne to test the L.



Conclusion

- - o - -

ITn the LL mode

ALl the "races” between two wvectorial transfer
instructions lead to a nerindic ohasse, the dDeriod of which can
vary with initial bhank qgap and initiatiosn delay netwzen the two
instructions,

A more " or less complex chaining of conflicts occurs
durina this period phase, then giving a oserfarmance decrease in
almost all cases, and in average (on strides, if this fiqure
have a meaning) of asout ST ¥ slower thana the ideal <1,1> case,
and sometimes close from the worst case (serial execution of
instructions, see <1,6>),

This denrajation is a quasi-random function of stride
pairs, depending .in addition of the activation order of
instructions, :

In the LS mode : T

Resultinag from the add1tvonal btockvna mechanvsms ‘af
ehainina and vector double reservatisns the hehaviour 1is far
nore comniex than the LL mnde, No true aeriadic ohase asoearse
hut a nuasi periodic comportement may exist however,

Tn the twd modes, the behaviour c¢hanges uhen'véctdr
length is increased, as end of one transfar 3f the srevious %4
loop iteration interfers with the sther travsfer beginning in
the current.iteration. ' '

At a2 hardware level, the increasing total bank
numbers fram Cray-XM222 to fray-X4p4R 3ives medium improvement,
due to the increasina of the cub=-nerisd i1 the psriasdic nhase,
fimulations wére done with eiaght sectians for a Cray-X¥P48, and
‘shoupd much more significant irnrovements (Cheug already
mentioned the disparitions, in this casse, of the linked <1,1>
conflict ), ' '

At a software level, concurrency beatween unit and non

unit stride transfsrs should be 3voidad, However, these
gituations may arise in onrohblems 3s inoortant as soectral
methods (with real ojerators anpl!ied to cowolex fields), »or

odd-even linear systen solvers.

20



In conclusisan, minimizing Lo3ds and storss remains a

rule on Cray=YMP, with the surplementary co1straint to use 2as .
often as nossible unit strides, - .
6)
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