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= Training on each /O limits performance
- Keep option open to train less often

= Eliminating QAS limits performance

- Keep QAS for those target / initiator pairs that want
to go fast

= Incremental changes to SPI-4 eventually add up
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Performance impact depends upon :

- 1/0 size —) - Significant for < 8 KB 1/Os
+ 1/O direction (read / —« Higher impact for Write on
write) larger transfers
- Queue Depth —) - |Impact increases as
queue depth < 8
+ Target head —> . Impact increases as head
movement movement decreases

Do we create a specification that optimizes a specific operational environment,
or one that can work well over a wide range of environments ?
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= Evaluate:
- P+ QAS baseline Packetized, QAS, no training
- P+ QAS + Training  Packetized, QAS, 2us training
- P + Training Packetized, no QAS, 2 us training

= This analysis does not consider Parallel option,
with or without training
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Performance Cost of Changes

Training & QAS impact
< 2% at 320 at large -

24%

blOCkS’ at 10 Q’d I/OS EP + QAS, No Training - Baseline

22% +—
EP + QAS, 2 us Training

20% A

B P, 2 us Training
18% -

Impact of Training 9%
at 8KB, 4 Q'd

Impact of QAS another =

9% at 8KB, 4 Q'd o |
Impact of each Training .. ‘ ‘ ‘
& QAS is 14% each at a MM HMNE | AN

% Throughput Loss
Compared to P + QAS + no Training

' 6R+4W 6R+4W 4R 6R+4W 6R+4W 4R
Ultra640 - it gets o8 3 o 8 3
U320 U320 U320 U320 U320 U640 U640 U640 U640 U640

worse!
Ultra 320 Ultra 640

I/O size in Kbytes
4 4W = 4 Queued Write I1/Os
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Impact of changes is
small at Q Depth > 8.
Today Q Depth =1 for

Performance Cost of Changes

26%

24%

Sequentlal Wh|Ch o OP + QAS, No Training - Baseline
applications will change e
the Way they |Ssue |/OS o B P, 2 us Training

for Ultra3207?

Impact of Training & QAS
each are significant at

16%
14% -
12% -
10%
smaller Queue depths, % |
together they can cripple 5%
SCSI e ‘
2% A
o ddBN | JHN
“ s )

% Throughput Loss
Compared to P + QAS + no Training

Lots of 1/O happens with SR oReaW i GReaw GRean i
blOCkS Of 4K to 8KB U320 U320 U320 U320 U320 U640 U640 U640 UB40 U640

Ultra 320 Ultra 640
These problems get /O size in Kbytes

s worse at Ultra640 4W = 4 Queued Write 1/Os
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Ultra320 Performance Cost of Changes, IOPs, 0.5 KB 1/Os

Theoretical

results - only 250000

counts SCSI | OP + QAS, No Training - Baseline

protocol timings 225,000 BP + QAS, 2 us Training g

Realistic IOPs w0000 | e P, 2 us Training ~

values are 40 - s

50 % lower than 175000 | [ m

these theoretical " S

results at 0.5 KB S 150,000 =

g— 125,000 & §
£ : :

Ultra320 with 3 g 3
Packetized & £ 100 N < 3
training will be ¢ s 8
slower than 7000 5 S
Ultra160 Non 50000 | 5
Packetized at 1 =
Q’d I/O per drive 25,000 -
- same test as
we use today ! 0

6R+4W 1R 4W

6R+4W =10 Q'd I/Os, 6
read, 4 write

4W =4 Q'd I/Os, all write
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Removing QAS simplifies design and validation

. But ..

- Reducing impact of no QAS requires high queue depths for
sequential I/O

- High queue depths increases /O latency
- Heroic seek optimization may not be as effective as expected

- Will applications be rewritten to make use of large queue
depths ?

- Will early implementations use queue depths > 1 for
sequential 1/0 ?

- Assuming high queue depths also assumes specific workload
profiles - not a general solution

... This trades 1 problem for a new set
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Ultra320 Performance Cost of Changes

Theoretical
results - only 559
counts SCSI
— OP + QAS, No Training - Baseli
protocol timings  s0% . o Training - Baseline |
EP + QAS, 2 us Training
4o% | HP, 2 us Training ]
(o]
S 40% |
©
2 S 35%
1 =
52 0%
go
g) +
o
o o 25% -
il
-
X9 20% -
©
Q.
g 15% -
(&)
10% -
5% -
BR+4W =10 Qd I/0s, 6 0% -

read, 4 write BR+4W 1R 1W 4R 4W BR+W 1R 1W 4R 4W BR+4W 1R 1W 4R 4W
05 05 05 05 05 8 8 8 8 8 64 64 64 64 64

4W =4 Q'd I/Os, all write
8

0.5 KB Sequential 8 KB Sequential 64 KB Sequential
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Ultra640 Performance Cost of Changes

Theoretical
results - only 55%
counts SCSI OP + QAS, No Training - Baseline
protocol timings  50% * ]
EP + QAS, 2 us Training
> 45% — MP, 2 us Training |
£
c
'S 40% -
S
n -
® o
92 35%-
52
Q
£9  30%-
S5
l-E |_; 25% -
X9
S 20%
£
[}
O 459
10% -
5% -
6R+4W =10Qd I/0s,6 0%

read, 4 write BR+W 1R 1W 4R 4w 6R+4W 1R W 4R 4w BR+W 1R 1W 4R 4w
05 05 05 05 05 8 8 8 8 8 64 64 64 64 64

4W =4 Q'd I/Os, all write
9

0.5 KB Sequential 8 KB Sequential 64 KB Sequential
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. Ultra320 Performance Cost of Changes
Theoretical

results-only ..,
counts SCSI
protocol timings 275 |

OP + QAS, No Training - Baseline

250 1 EP + QAS, 2 us Training

225 —— WP, 2 us Training

200 +

175

150

125

/0 Throughput, MB/s

100 -

s 4]l

50

25

6R+4W =10Q'd I/0s,6 0 + ‘ ‘ ‘ ‘ ‘
read, 4 write 6R+4W 1R 1w 4R aw 6R+4W 1R 1w 4R aw BR+4W 1R 1w 4R aw

0.5 0.5 0.5 0.5 0.5 8 8 8 8 8 64 64 64 64 64
4W =4 Q'd I/Os, all write

10

0.5 KB Sequential 8 KB Sequential 64 KB Sequential
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Ultra640 Performance Cost of Changes
Theoretical

results - only 600
counts SCSI
protocol timings >°°

OP + QAS, No Training - Baseline
500 -

| EP +QAS, 2 us Training

450 —— WP, 2 us Training —l
400 -

350

300 +

250

/10 Throughput, MB/s

200 ~

150

100 -

50

6R+4W =10 Q'd I/Os, 0 - * * * * *
6 read, 4 write BRHW 1R 1W 4R 4W BR+4W 1R 1W 4R 4W 6R+4W 1R 1W 4R 4W

05 05 05 05 05 8 8 8 8 8 64 64 64 64 64
4W =4 Qd I/Os, all

it 0.5 KB Sequential 8 KB Sequential 64 KB Sequential
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Ultra640 Performance Cost of Changes, IOPs, 0.5 KB 1/Os

Theoretical
results - only 250,000
COUﬂtS SCSI o OP + QAS, No Training - Baseline %
pI’OtOCOI timings 225,000 g P + QAS, 2 us Training % S
= B P, 2 us Training §
200,000 -
2 <
Realistic IOPs 175,000 | g <
values are 40 - h
50 % lower than g 150,000 -
these theoretical = 3 g
results at 0.5 KB g 125000 = =
£ 100,000 - Q 8
= @ %
Ultra640 with 75,000 g
Packetized &
training will be 50,000
slower than 25000
Ultra160 Non '
Packetized at 1 0
Q’d I/O per drive BR+4W 4R aw
- same test as 6R+4W = 10 Q'd I/Os, 6
we use today ! read, 4 write

12 4W =4 Q'd I/Os, all write



