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Efficiency of Gedae Applications Gedae. Inc.

How efficient are Gedae Efficiency vs Firing Overhead
applications compared to and Average Firing Time
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Two ways to define efficiency Gedae, Inc.

 Efficiency = Handcoded execution time
Gedae execution time
 Efficiency = Time firing primitives

Total execution time

* The first estimate is what you really want to
Know

* The second definition has the advantage that it
IS based on measurable values
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Overhead Gedae, Inc.

 Defined

— Overhead = Total execution time — Time firing primitives
— Overhead/Fire = Overhead/Number of Box Firings

* Overhead/Fire provides a convenient measure of kernel
efficiency that is independent of primitive execution times
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Overhead Gedae, Inc.

* Overhead functions exists for hand coded
applications too!
— Often ad-hoc implementation
— Same problems solved repeatedly
— Single point solutions can be efficient

« (Gedae has following advantages:

— Abstracts overhead functions to a small amount of
code

— Can be characterized

— Effort on optimizing Gedae overhead functions benefit
all Gedae applications
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Objective Gedae, Inc.

* The objective of this work is to
characterize the overhead of the Gedae
runtime kernel with the goal of determining
how the kernel speed can be improved
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Method Gedae, Inc.

Create timer functions
Instrument code with timer functions
Select benchmark graphs

Run graphs and get timer results from
iInstrumented code

Determine optimization areas

Gedae, Inc. KBB - 7
www.gedae.com



Timer Functions Gedae, Inc.

 New Functions » Usage
— embBeginTimer Funcl() {
— ambEndTimer embBeginTimer (F1_TIMER) ;

.. code to be timed ..

« Gather elapse
time statistics of
code between
begin and end

embEndTimer (F1 TIMER) ;
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Timer Function Characterization Gedae., Inc.

for (i=0; i<1000; i++) B1 T1 E1

( f1B2] E2 | 1
embBeginTimer (TIMER1) ; Tb1 4 4 Te1
embBeginTimer (TIMER2) ; Tb2 Te2
embEndTimer (TIMERZ2) ; Tt = Te2 — Th?
embEndTimer (TIMER1) ; Tpt = Tel — Tb2 - Tt

Timers are used to characterize themselves
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Timer Characterization ke s

Results
Processor Time Mean Stdv Min Max
Linux Tpt 1.5 0.5 1.0 2.0
Tt 0.8 4.0 0.0 125
NT Tpt 3.6 0.4 3.3 9.5
Tt 1.8 1.8 1.7 57.0
Solaris Tpt 1.4 0.7 0.0 3.0
Tt 0.5 0.5 0.0 1.0
Altivec1 Tpt 1.4 0.02 14 2.0
Tt 0.6 0.005 0.5 0.7
Altivec2 Tpt 1.9 0.2 1.7 2.6
Tt 0.7 0.1 0.7 1.5
Altivec3 Tpt 1.9 0.07 1.9 3.9
Tt 0.7 0.02 0.7 0.8

The Altivec-X processors are target BSP processors
Altivec1 has the most consistent timer times

We are not prepared to compare target BSPs at this time!
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Example Timer Calls Gedae, Inc.

B T1 E
! q’e1
Tb1 |B2| T2 EZ2 B3T3 E3

F 1 F 1

Tb2 Te2 Tb3 Te3

T2=Te2-Tb2 - Tt
T3=Te3 -Thb3 - Tt
T1=Tel-Tb1-Tt-T2-T3 - 2"Tpt

Ellapse time does not include nested timer calls
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Instrumenting Kernel Gedae;:Inc.

Static Scheduler

Dynamic Scheduler

— Run Dynamic Scheduler

— Static Schedule State Changes
— Queue Management Functions
Segmentation

— Dynamic Queue State Changes
— Reset and EOS Functions

Distributed Control not yet instrumented
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Static Scheduler Gedae, Inc.

|
f i Run-Schedule \

Not Done
Apply Run
Schedule
\ Pass J

\4

« 3 Timers: run-schedule, apply and run-schedule-pass

* The run-sched-pass function is the code that must be executed
between Apply method calls
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Dynamic Scheduler States Gedae, Inc.

Timers

[ Ready }
n * enter-ready-state
« exit-ready-state
produce recoverable *  enter-running-state
consume fault

« exit-running-state

« enter-pending-periodic

[QWait J‘pastmand (Pendjng } * enter-pending-retry
waiting for q .

« exit-pending
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Dynamic Scheduler — State Transitions Gedae. Inc.

from Above
Timers
Next . _
[Schedule } next-schedule
— exit-pending
/ F Enter Running Sth * enter-ready
et Firing
[ ranularlty _ enter-ready
| — exit-ready
i Run Schedule * enter-running-state
Not Done . .
[Apply Run — set-firing-granularity
Schedule
Pacs — run-schedule
v — exit-running-state
[gxﬂRunnmg  enter-pending-periodic
tate
\\ / * enter-ready
« enter-pending-retry
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Produce and consume - state Ge.dae. Inc.
transitions from below

- produce Timers
— produce1
update-scheduler-on " oconsume
. p - _ _
produce — update-scheduler-on-
— enter-ready-state consume
d o g * enter-ready-state
A produce-copy . read-da
* write-dgs
: — ready-to-read
— ready-to-write
- — read-dq-copy1
— write-dq

— read-dg-copy2

« write-dg-copy1 — consume

» write-dg-copy2
» produce
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Segmentation Gedae, Inc.

waiting
for end

associated queue l
drained

discard-tokens

segment-end

{ Reset-segment Set Firing
Granularity

segment-begin
next-segment

waiting for Run Schedule

adding to

' NotD
begin segment {En d-of-segment Rﬁn one
Schedule
Pass
drained segment-end
discard-tokens | qraining enter-draining- L 4
segment state Exit
Running
Segmentation State Diagram Enter-running-state function with
segmentation
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Benchmark graph rt_stap _easy

Gedae, Inc.

FLyrt_stap_easy.stap_p O] =|
File Application Edit  Wiew Opuons Help
Space-Time Adaptive Processing 1 [1=(r[p]
*r1re]al
| PROOIZIET L e
1 PrEprocEsss 1 doppler P
m= in aut = |in| out applull P
float Fs Fz P ] |1_ form_K form_l = |in|out out
float Fif Fif d = |infout in|out ]
int T 1 — | I | = |
int H N LE Hr-
const int P >= F = | F ]
Float Hal] Ha |
int Pad Pad — | L |
complex Calibl] Calib 1l
const int L ’7
const int 0
float dl]
V_fft
[range m = 0..1-1] In|0ut | —{zomplex gl1]
range 1 = U.,D*L—1| complex GLI] = g[{iHL-{D—i}H2+P}KF‘]| Wi _normalize
complex s_hat[] conplex s[il = s_hat[iﬁL]*G[i]l— In| Out

lint Nr = N/CDH?

*% demos=ta P F=ta p_p
status: canvas size snapped to window

Fully static graph with 66 primitives
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Benchmark Graph e _ comm Gedae, Inc.

=10l =]
File Application Edit ‘iew OCouons Utiliies  Control Help
Create Encode & hit chars OGP5E tiodel Channel OGP5E Decode 10 bit
random to 10 hit sequence kodulate Distortion Cemodulate seguence into chars
text
Char Bit Bit Char
Jabber | Stream |char_encode|! Stream  |modulator e_channel demod Stream  |char_decode || Stream [vc_echo
| out in| out — |in| out — |in | out |/ [in | out in| out in|
— |Fz|x_fout — |F= | pre —— |[F=| w
Fs — Sampling Freguency — |Fc| x_osc — |Fb Fei| y
Fh - Baud Clock Freguency — |Fb[x_out SR FhO) Le
Fc - Carrier Frequency I Lb
float Fs dout
float Fb ' '
Tost Fo Embeddable CQPSK MModem System Simulation

-— dema/ commd e_camm

status: parameter file "default” opened E-’E

Dynamic Schedule consisting of 19 primitives divided into 4 static
schedules connected by 3 dynamic queues
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Benchmark graph noise_removal Gedae., Inc.

A noise_removal -10] x|
File  Application Edit  Yiew puens Utilities  Control Help
brownian s_ovrl_w v dist | | i [v_mergef_c voovrl_s copy_1
Hin |out |——| in [out in|ayt infl out | in |out|— in||:|ut
Max —| N [22 [H] _ c — (Ourl

Step — (Qwrl L

v_noize_removal
in ot

const int N = Bl2f=—=—x=| N
const float Root = 3,5F——= |Root
const float Tsub = 1)p—= |Tzub

v_state |_ .
[ N2 =[] out .4

" const int Owrl = 128}

#% training/tutorialdnoise_removal/noize_removal

status: canvas size snapped to window = -:.E

Dynamic scheduling with segmentation — 55 primitives, 1 external
state variable, 5 static schedules, 5 dynamic queues
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Results Gedae, Inc.

Graph: rt_stap easy e_comm noise_removal
Proc Efficiency | Overhead | Efficiency | Overhead | Efficiency | Overhead
% (useclfire) | % (useclfire) | % (useclfire)
Linux |99 14 72 4.7 68 9.2
Solaris | 98 1.4 80 32 90 22
Nt 99 1.6 79 6.0 89 16
Altivec1 | 97 1.7 90 2.7 95 1.8
Altivec2 | 93 1.1 92 2.8 92 2.0
Altivec3 | 70. 18.0 40 41.0 41 34.0

*1-3 usec overhead for Altivec1 and Altivec2.

Atlivec3 overhead times are 18 to 41 usec. What's going on?

Gedae, Inc. KBB - 21
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Typical Weighted Timer

Histogram for Altivec1 Gredime g

Timer update-on-produce: 80894

Bin Count Perc

2.384e-07: 0O 0.00%

4.768e-07: 27336 20.02% ***kkkkkkkkk

9.537e-07: 52509 76.90% * %%k kkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkkk
1.907e-06: 1046 3.06% **

3.815e-06: 3 0.02% *

7.629%9e-06: 0 0.00%

1.526e-05: 0O 0.00%

3.052e-05: 0O 0.00%
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Typical Weighted Timer
Histogram for Altivec3

Timer update-on-produce: 58739

Bin

W kR d WPk, © N

.384e-07:
.768e-07:
.537e-07:
.907e-06:
.815e-06:
.629e-06:
.526e-05:
.052e-05:

Count
0
5909
5734
5724
7337

Perc

.00%

.12% *
.39% *
.718% **
.148 *kxxx

< VMR OO

22866 44 .50% **kkkkkkkkhkkkkhkhkhkkkkkkk

11169 43.47% **kkkkkkkkkkkkkkkkkkkk

0

0.00%
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Results — rt_stap easy

Timer

apply

run-sched-pass

run-schedule

Called

7592362

7592361

7346338

altivec1

Total

3.761e+02

1.156e+01

1.283e+00

Mean

4.954e-05

1.523e-06

1.747e-07

Stdv

7.821e-03

8.573e-07

6.751e-07

Min

3.600e-07

8.000e-08

1.200e-07

Run-sched-pass takes most of the overhead time

Gedae, Inc.

www.gedae.com

Max

2.428e+00

2.205e-04

1.950e-04

Perc

96.70%

2.97%

0.33%

Gedae, Inc.

PerFire

4.954e-05

1.523e-06

1.690e-07
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Timer

apply
run-sched-pass
read-dq-copy1
exit-running-state
next-schedule
enter-running-state
exit-ready-state
update-on-consume
update-on-produce
enter-ready-state

run-schedule

Results —e comm
altivec1

Called

667628

821288

102408

153660

153660

153660

153660

102408

102589

153661

153660

Total

1.737e+01

3.649e-01

3.392e-01

1.693e-01

1.669e-01

1.285e-01

1.026e-01

9.840e-02

9.652e-02

8.908e-02

4.083e-02

Mean Stdv

2.601e-05 2.177e-03
4.443e-07 1.167e-06
3.313e-06 5.552e-05
1.102e-06 1.207e-06
1.086e-06 1.184e-06
8.365e-07 1.144e-06
6.676e-07 3.410e-07
9.609e-07 2.084e-07
9.408e-07 1.157e-06
5.797e-07 5.875e-07
2.657e-07 1.420e-06

Gedae, Inc.

www.gedae.com

Gedae, Inc.

Min

1.590e-07

3.900e-08

1.990e-07

5.990e-07

8.800e-07

5.610e-07

3.990e-07

6.390e-07

5.200e-07

3.990e-07

1.200e-07

Max

7.901e-01

1.502e-04

1.294e-03

1.312e-04

1.316e-04

1.320e-04

1.123e-04

3.504e-05

1.173e-04

1.163e-04

1.270e-04

Perc PerFire

90.50% 2.601e-05
1.90% 5.465e-07
1.77% 5.081e-07
0.88% 2.535e-07
0.87% 2.500e-07
0.67% 1.925e-07
0.53% 1.536e-07
0.51% 1.474e-07
0.50% 1.446e-07
0.46% 1.334e-07
0.21% 6.116e-08
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Results — noise _removal
altivec1

Timer

apply
run-sched-pass
write-dq-copy2
read-dq-copy1
update-on-consume
update-on-produce
next-schedule
exit-running-state
enter-running-state
exit-ready-state
enter-ready-state
consume

produce1

Called

425702

474822

16373

32746

82376

49632

49120

49120

49120

49120

49121

82376

49121

Total

1.484e+01

1.393e-01

7.289e-02

6.523e-02

6.122e-02

5.646e-02

5.559e-02

4.133e-02

3.974e-02

3.105e-02

2.959e-02

2.439e-02

2.104e-02

Mean Stdv
3.486e-05 5.015e-05
2.934e-07 5.873e-07
4.452e-06 4.078e-07
1.992e-06 1.769e-06
7.432e-07 3.350e-07
1.138e-06 4.279e-07
1.132e-06 3.442e-07
8.415e-07 2.710e-07
8.091e-07 2.565e-07
6.322e-07 2.431e-07
6.023e-07 2.089e-07
2.960e-07 2.039e-07
4.284e-07 1.169e-07
Gedae, Inc.

www.gedae.com

Gedae, Inc.

Min

2.800e-07

4.000e-08

4.080e-06

2.000e-07

4.400e-07

5.600e-07

8.420e-07

4.400e-07

4.420e-07

3.600e-07

3.600e-07

1.200e-07

2.800e-07

Max

2.353e-04

3.880e-05

3.484e-05

3.468e-05

1.676e-05

4.243e-06

3.209e-05

2.084e-05

3.068e-05

3.112e-05

1.628e-05

3.060e-05

1.548e-05

Perc PerFire

95.14% 3.486e-05
0.89% 3.272e-07
0.47% 1.712e-07
0.42% 1.532e-07
0.39% 1.438e-07
0.36% 1.326e-07
0.36% 1.306e-07
0.26% 9.710e-08
0.25% 9.336e-08
0.20% 7.295e-08
0.19% 6.950e-08
0.16% 5.728e-08
0.13% 4.943e-08
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Conclusion — Important Gedae ‘Tne.

Timers
* Run-sched-pass « Schedule state
« Copy functions ‘E”_tter'r“”_”i”g
. — Exit-running
— Write-dg- 2
R ! q dq coPy 1 — Enter-ready
— nead-aq-eopy — Exit-ready
* Queue management _ Next-schedule
— Update-scheduler-on-
produce
— Update-scheduler-on-
consume

Gedae, Inc. KBB - 27
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Conclusion

Function rt_stap_easy
run-sched-pass 90%

copy functions

schedule state

queue
management

Total 90%

Gedae, Inc.

e_comm noise_removal
20% 18%

18% 9%

36% 26%

10% 15%

84% 68%

Four categories account for most of the overhead time

Gedae, Inc. KBB - 28
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Conclusion — suggested

Gedae; Inc.
enhancements

» Code generation of static schedule
* Eliminate copies by directly adjusting
pointers

* Improve schedule state change functions
by optimizing SchedHeap functions

We can comprehensively measure the

overhead and systematically optimize the
most costly components

Gedae, Inc. KBB - 29
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Conclusion — Future work Gedae, Inc.

Determine reason for slow Altivec3 times

Make instrumented version of library available
for general use

Add instrumentation to measure distribution
overhead

Add additional benchmark graphs

Use values measured by instrumentation in gsim
simulation

Gedae, Inc. KBB - 30
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