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What i1s Gedae?
Gedae

Gedae Is a block diagram language ...

Software v A
Mode1 iC
B
» Branch Mode? 0
Modez [, Merge >
/ Mode3 — F
State
Machine

Express signal and data processing algorithms,

parallelism, load balancing, fault tolerance and mode
control
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Gedae
that Gedae transforms under user control...

Transformed Graph

User can set optimization parameters that are
Independent of the graph to guide transformation

Gedae, Inc.
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Gedae
...to operate efficiently on a virtual machine.
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Complete systems can be developed independent of
the target system without losing runtime efficiency
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Gedae Language oo o0
Gedae
» Gedae provides application information through
— modules with well-defined behavior
— ports with well-defined characteristics x_fird mult
— and manifest connectivity with explicit ] in jout " a |out[™
sequential and parallel execution paths C ’—v b
 This information is implicit in most languages D

« Gedae makes the information explicit
— over 50 different information expression

features stream complex in[N](D);

e e —

Information provided by language allows Gedae to analyze
and efficiently implement algorithms

Gedae, Inc.
www.gedae.com




Gedae Transformations

The block diagram is transformed
using over 100 algorithms.

The transformations establish the:
— Order of execution

Gedae
Functional Implementation
Specification Specification
v v

Transformations

Key Detailed Model

— Queue sizes

User

— Granularities

Gedae
Vendor Generation

— Memory layout
— Dynamic schedule parameters

— Data transfer types and
parameters

— Mode control

Deployable Application

Virtual Machine

Heterogeneous HW

The Gedae transformations build a detailed model of the deployed
application. Gedae uses that information to provide visibility

Gedae, Inc.
www.gedae.com




Gedae Virtual Machine (VM) gedae

Gedae provides the following Static Memory and
components: Execution Schedules

_ command handler Managed by the Gedae
: Dynamic Scheduler
— Dynamic scheduler
: Gedae Developer
— Segmentation Support : )
e Library Library
— Primitive Support
— Visibility Support
The vendor provides
— Inter-processor communications |:
— Optimized vector libraries Multiprocessor Hardware
— Other basic services

Generated
Application

Gedae Components

Vendor Components

Virtual
Machine

The Gedae virtual machine makes applications
processor independent

Gedae, Inc.
www.gedae.com



Three Examples Gedae

Real-Time Space-Time Adaptive Processing (RT-STAP)
— Miter benchmark graph

— lllustrates efficient parallel execution of large graph
Multilevel Mode Graph

— lllustrates nested mode control with distributed state
— Dynamic data application

Sonar Graph
— lllustrates large data reduction during processing

Each example illustrates features of the language,
transformations, and virtual machine

Gedae, Inc.
www.gedae.com



RT-STAP: Language Gedae

mrt_stap_hard_ﬂ_lE-.sl:ap_pp = Il:llﬂ
File Application Edit Wiew 30 Help
Space-Time Adaptive Processing [iri[p]
1
Hr1rZ][q.l
1 ERONEE] | i)
1 preprocess? 1 doppler P -
in in 0 out H/=m— |in| out ' - appluld F
float F= F= | P | Form_Xp Form_l — |in|out out
Float Fif Fif d infout | == |in|out W
int 0 1] i “ | T | 5 | “
int N N : | M| Nr
const int P F = | P =
Float Hall Ha ]
int Pad Pad i L |
complex Calibl] Calib — @ |
conzt int L - : :—1
conzt int (] : £
Float dl]
t conzt int M1

— 5 M_FFE const int Mp
range m = 0,.1-1] In[0ut | —|complex gC1]
range i = CIHII!*L—ll complex GLil = g[{i.f'L—{E!—l}.f'2+F'}KP]| VE_normalize
complex =_hatl] complex =[il = s_hat[iEL]*G[iJI— In| Out _—

[int Mr = MN/oDH ]

| ztap Szt al P_PP
' i —3 m—
Status: canwvas size shapped to window /" =

Families permit replicating box and data elements

Gedae, Inc.
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RT-STAP: Language

M rt_stap_hard_8_16

File  “iew

e Instantiation constants control the size of the graph
* Routing boxes allow equation based connectivity

Gedae, Inc.
www.gedae.com



RT-STAP: Transformations  gedae

« User maps primitives to o
physical processors o SOt Sew Spens
Nam;:EE]aPPlHN Pl.z;t SubSched
[56]applyll 114
e Gedae transforms graph by (571epplo 114
Inserting send/receive o Ti1s
primitives to communicate el 115
pbetween partitions el ue
Lol farm 100
[11form_ 100
* Gedae automatically creates || [Zemi i
executables to run on each Catforn 1ot
processor .o

Different mappings can be tried without modifying the
graph — the needed transformation happens automatically

Gedae, Inc.
www.gedae.com



RT-STAP Transformations

Gedae

User can set transfer properties on send/recv pairs with Transfer

Table

Transformations automatically set parameters to send/recv pairs
to communicate these properties to running application

Gruup 1 Transfer Table B

=k

File Edit ‘iew Qoo Help
nﬂame Source De=t ifer Type NB=zize Send Bufs  Recw Bufs  Kfer Params

stap_pp, form_Kp,corner_t, [01013Tm_wi_1<in 116 113 ztrean 46030 -b 10 -d 2 @
stap_pp, form_Kp,corner_t, [71014 Tmye_wi_1<in 123 114 dza 2 3 -b 10 -d 2

=stap_pp, form_Kp,corner_t, [B1014 Tmy_wx_1<in 122 114 dza 2 3 -b 10 -d 2

stap_pp. form_ip,corner_t, [51014 Tme_wi_1<in 121 114 dsza 2 3 -b 10 -d 2

stap_pp, form_ip,corner_t, [41014 Tme_wi_1<in 120 114 dza 1 1

stap_pp, form_Kp,corner_t, [31014 Tmye_wi_1<in 115 114 strean 46030

stap_pp, form_Kp,corner_t, L1018 Tmy_wi_1<in 117 115 strean 46030

stap_pp. form_Kp,corner_t, [O1018Tmy_wi_1<in 116 115 ztrean 46030

=tap_pp, form_Xp, [0Irfam_mx<[0]in 115 100 ztrean 24430 |
stap_pp.preprocess2, [20]1iq_convert2, v_multlscdin|124 123 dza 1 1

stap_pp.preprocess2, [211iq_convert2, v_multlscdin|124 128 dza 1 1

zink_pp., [01w_mux<[0]in 100 host gzim_hostrhost 3340
llzink pe.[0Tvx mux<[1lin 100 host gsim hostrhost 3840 &

User can guide transformations to optimize implementation

www.gedae.com

Gedae, Inc.



RT-STAP: Running on VM

[E&rt_stap_hard_8_16 Trace Table - O] x|

File View Options 3Stats & |

Mame 4,385269 = 10,034096 =
9.2%6010 5 . __ +0.4989%3 5

;client
100

101

||102

103
104
105
||105
167
host

Send/Recv webs show interprocessor communication
and uncover synchronization problems

Gedae, Inc.
www.gedae.com



RT-STAP: Running on VM

¢ Partition 0 Memory Map

File “iew 4| r|

Address _Hemor

Mz
|

=]

T

=lol x|
Help |

ailalBeEs |
400BASD0 | | I [

| 400BACDO [

5
| |

400BBOD0
| 400BB4D0
400BB300
| 400BECDO I
400BCODO
| 400BC4D0
400BCED0

| 400BCCDO |5

s

\_lName

¥ Structure: embeddable/stream

File Wiew Options

Walue

=10l x|

embeddables/stream/fird state

a4

[ds_terminate

Jds_start

int granularity

21236

400BDODO | =_apply

|ds_closure

| 400ED4D0

OxcdOFEDELOY

ZERO_PTR

| 1 float #in

N arrly

400BD300
| 400BICDO
400BEODO
| 400BE4D0
400BERDO
| 400BECDO
400BFODO
| 400BF4D0
400BFED0
| 400BFCDO
400C00D0
| 400C04D0
400C0300
| 400COCDO
40001000
| 400C14D00
40001800
| 400C1CD0

Memory Map

400C2000 | =_
| 400C24D0
40002300
| 400C2C00
40003000

S0

Tupes
Hame§
Elemsy
Elem Size:

M Butes:
Offzety

| 400C34D00

[stap_pp.preproce

[stap_pp.pre

400C3300

[stap_pp. [01doppler, w_multhi<y

stap_pp. [11doppler, ve_multV<\] s

Address:
p_pp. [

| 400C3C00

stap_pp.preprocess?, [01ig_convert?,w_multDscrH2

stap_pp.preprocess?, [11ig_con

t2.w_ny Min:

40004000

stap_pp.preprocess?, [21ig_convert?,w_multDscr¥2

stap_pp. [01form_l,wx_wxcons

Mazy

| 400C44D00

ztap_pp.[11form_W.vx_weconst<IN

[ ztap_pp. [21Form_bl v _v

nist4IN

400C4300

|Stap_pp,[3]FOPm_N,vx_uxconSt<IN

|stap_pp.[4]FOPm_N,ux_vxconst<IN

»{ Memory Info

float *C

D4 DOCIE001

-0,00161023, .,

int %0

D4 00C3005 1

4

float *Crurs

0400033901

-0,00161023, , .

int. N_Crurs

36

float *out

Ouc4DBOFCAC Y

ZERD_PTR

int. N

26

Structure Display

conplex

stap_pp. [41form_W,wx_wxconst<IN

BB

8

528

(rcal30

04 D0c4b00
0, 0892162
0, 181ERF

| 400C4CD0

[ stap_pp.[51form_W,wx_weconst<IN

[ =tap_pp. [E1form_b,vx_wxconst<IN

4005000

[ stap_pp. [7FIfarm W, wx_vxconst<IN

| d00rRATIO

| stap_pp.preprocess2, [01Fast_conw, circ_cor, vl :

Preplanned use of memory allows distributed runtime debugging

Gedae, Inc.

www.gedae.com




Mode Control: Language

E ModeWSeg.ApplicationP.ModesP

* Branch boxes make mode s ssicuen e v o

Gedae

C h an g eS an d I I l ar k Se g l I l e nt cp_br'anchF_e| |rnute_3 ModelliCtr 1P | r'oute_2| ul y_mergef_c
|cpar‘am in[  out m| 0 cparams |out ¢_—0| nl infl out
. [ 1 mparams 1L e
boundaries = o roagy
R 3 | Ninst[0] |— [ Ninst B

. " in Sn:ﬂc;ﬂ;e —< — Lstate
* “Exclusive” branch outputs e J

id 4
ModeluwCtr1P
show where resources can et
nparans
mp_branchf _e route | > T
. Lo Nppilll }— Hppi
b h d tparan n _ ! (1) [Winstidd — [Minst
e Share e \r e |
: -
« State shared between
= = l
. . . ,:_._.IMndeW'Seg.AppllcatlonP.MDdesP.ModeletrIP = (] _X_I
modes is explicitly declared Fle ppicalon Edi Veu Givors
. mi
I n th e g rap h cp_branchf_e i Model i y_mergef _c
const int Nmodes ‘cpar‘ams in|  out B cparams |out | | inf out
const int Ninst[] cp_decode L= T, s .
const int Nppill Vi e state
range m = 0, ,MNn node | statel
range ml = 0,0 p int MaxSz = 2048 Max5z
i R — L

The Gedae primitive language o

There is a sepe np_branchf_e| .
. — 1

directly supports segmented o e | e B

see more about

data processing, sharing of Euvim

inlout -
1

const int Mppi
resources, and distribution of e
rangs mi = 0, ,Ninst-1
State There are mi mode instances of the mode. Sequential triggers are passed to different instances of
Modelnput to signal the input box to receive the next frame of data. At this level we are routing the
trigger to the appropriate instance. Motice that there is a seperate input box for each mode and each
GEdf Instance. The exclusive branching of the triggers insures that memory will be shared by all the input
hoxes.

Segr/HodeduCtrlP | Mo comment

.Status: f -'E -‘E



Mode Control: Language

Branch box copies input data stream
to one of a family of outputs based on
a control stream. Output is:

* Segmented - the box will add
segment boundaries to the output

* Dynamic - the box will state how
much data is produced on the output
at runtime.

* Exclusive - only one of the family of
F outputs gets data on any firing.
Allows sharing of resources and
state.

The Gedae extensible language
has no “built-in” primitives.
8000+ delivered primitives.
Users can add custom primitives

Gedae, Inc.

www.gedae.com

Gedae

Input: stream ControlParamRec in;
Input: stream Int c;
Local: 1int last;
Output: exclusive segmented dynamic stream
ControlParamRec [F]out;
Reset: { last = -1; }
ApPIy: {_
int g,i;
int prdc = 0;
for (g=0; g<granularity; g++) {
int j = clgl;
if (last = j) {
iIT (O<=last && last<F) {
produce(out[last],prdc);
prdc = O;
segment(out[last],SEGMENT_END);
bs
last = j;
+
if (0<=j && j<F) {
*out++ = *in;
prdc++;
¥
in++;
+
produce(out[last],prdc);

}




Mode Graph: Transformation & ee

=lolx]

File Edi View Ootione

= Partition and Subschedule

tode, Irput default
gl Lt Lord | =0 x|
RasourcHanagensnt._[urc o —lo] x| Help |
182, we e = [
oy  File EM View Options Help |
ep branchi s are surc ten Nane  Trace Hem Truce Size Farans F
spmemfes resfe e mie
host, default L0 B
gein_hoat defsult 000K |
g3im_host default 1000000
g im_haet dorf i 000000 |
s1m, host def sult AR |
41 Modetl [ g 1
1 schedales _|defalt, (1,10 (300 lock,
1 schedules |defsult (1.1} (3.00 (2430 lock
) o L schedales |default 1.1 (5,00 (24,2 lock
il 1 sehedules defanal b A1,10 (3,00 (24,10 lock
Group Name: | Group o 1 schedules |aefsult (20,00 leck
3 1 schedules |default (1,00 (5,00 lock
Sehedule Controls ¢ Memaory Pac e a et aul 41,00 48,00 (15,00 lock  shared
{ airk =atnk o ot sl 1,00 (5,00 (16,15 lock  shared
Runon Embedded J FastP | e i 0 S malt UIG.20 leck _thared
o 1 schedules _|default Tock.
ImpariTabie.. e licy o o dataf lou 1 schedules  |default (18,00 lock
o dataf bou 1 schodales _|dafmalt 2,43 (7.0) lock
o —rr v o AT
Map Parts.. o 1 schodules |default €2,1) (7,00 (20,00 lock
default v o 1 schedules  |defalt 1.2 {2,00 16.0) lock
Set Transfer Methods.. a 1 wchedules 42,00 16.0) (26.1) lock
sefalt (2.0 (5.0) (29.1)
Set Granularies. dafault 02,00 16,00 (28,1
I o mal L 42,00 (6.0 (28,1}
Partition Memary... 4 o 1 schaduler - 2.0 (6.0} (29.0) lock
f Y. E— emmEs P »
Set Guews Capacities.. ieFault 12,00
S ] ’ ok sl b £1.7) {200 (603 (IR0}
Sel Schedue Parameters... llmlwf,w.lhdei o _!J .13 (3,00 shared
Gk Conkni Bt 1cationP, HodesP, oo 2P | — Help | (1,10 (3,00 024,30 lock
Print Allocation Summary LIEGHEE Rorkes hedukt FF = ) (1.4) (3,00 (24.2) lock 4
e Z 1icas sord . odesP  Hodndf | h Capacity  Bytes Sec Policy  Dest Palicy Hesory Tups
fepticatiinp Roduf Mods [recv tst 1 e rea narent el ault B
Reload Embedded Config : - =1
EEe g fepl icat Lok 1 15 rea lparent [defauile
Open Configuration Viewer.. H L5 req et plefault
Fel Mol | _mrin_ct i) 1 0 req loreq ldeimilt
Create Launch Package.. 1YL g . i g 1 rea Irarent [default
o 30 3 Q 1 rosy jparent. bcbed il L
(0 irnt, (5le_snlsdiitin 1 = lparent et walt
DONE HELP & <in_ 1 res parent et il
1 rey parenit. default
lumu..-v Mexia'| nm—.? n.lr",;-n.rlv 10 Hoxea,| n,wd'ngn = T e = et malt |
et = Flan a0 Chuoes It 1 saladSin 1 rea parert, |l b

User can set partitioning, mapping, data transfer methods,
granularity, priority, queue sizes and schedule properties
from the group control dialog

www.gedae.com



Mode Graph: Running on VM Gedae

B =10l x|
= « Each mode requires a
R i e e | different number of
Processors

 Branch boxes at one
level are responsible for

= the dynamic distribution
e e e T VM runtime kernel enforces
s — AW A8 dynamic data driven
oer s SH e oy t S d d i
s R Tt T execution. Send and receive
o primitives and state transfer
primitives use BSP of virtual
machine to transfer data

Gedae, Inc.
www.gedae.com



Mode Graph: Running on VM

ModeWsSeq Trace Table

File “iew Options

Stats 4| 1]

e Primitives to send and receive =

0,379453 =

0,477821 =

+00, 237

[recwstate 0

state are automatically added ot recss

State

by transformations

* Messages generated by

Virtual Machine at mode
change boundaries efficiently
coordinate state transfers

sendState_46

recvState_46

HodeInput

Mode2aProceszing

ExSet &

ExSet 4

b

ExSet 7

Group 2: pl

ExSet 24

ExSet &

ExSet 4
Extat

]

Result is efficient transparent use of shared state on

distributed processing system

Gedae, Inc.
www.gedae.com



Sonar: Language

il x]

File Application Edit

iew

o0 00
Gedae

Help

Time Domain Eeamformer

FreqTransformat.ion MakellB Integrate| |

out in  |out in| out

— Mbeams I

I_Read

Fname|Dut T

I_ByteSwap I_Mult
In| Out | —

|—— training/Ad. natrWB_SONAR | Mo comment

Status:

2]

td_beamformer BazebandF i lterlec
hydrophone_dat.a [out in out |F— | in
—— Sample_rate bbf FFTsz

const int Nhydrophones »+———— | HWhydrophones — |Sample_rate
float D¥hydrophone >————— | Dihydrophone —— ]

— Hbeams C
float Totalfngle TotalAngle
conzt int Procs Procs

float Freq = ERQ

float Sample_rate
conzt int Mbeams
conzt int I
const int FFTzz V5_Read V5«2 _BuyteSwap_V _J
| "Detave_single_stage_coef,bin” I Frame |Out In| Out.

W

Copyright by Gedae Inc.

Author: William I. Lundgren

FE-E

Sonar Graph creates low bandwidth output from high
bandwidth input data

Gedae, Inc.
www.gedae.com



Sonar: Language

Connectivity + Port Descriptions
gives information needed to
schedule graph

mx_vx produces R=120 tokens
out for every 1 token in

vx_multV box must fire 120 times
for each firing of the mx_vx box.

vx_fft box fires one time for each
firing of vx_multV box

Simple predetermined schedule
generated from graph and info
embedded in primitives

Gedae

wee_mualtY we_ Tt

‘ my_adjoin i _
— — |in| out |— inlnut B

al out
|7'I.I'

in|out
— b

pd

inplace’stream complex out[C](R) = in;

Static Schedule Timeline

mx_adjoin

MX_ VX

vX_multV _ :

wx fit Fire at granularlt%

120, 1 time

Can create a multirate graph that has boxes firing at

different granularities

Gedae, Inc.

www.gedae.com



Sonar: Transformation Gedae

e User can place boxes in subschedules to strip-mine
the vector processing

e Allows use of fast memory
e Can reduce memory usage

Static Schedule Timeline Subscheduled Timeline
. Fire at granularity
mx_adjoin 1 120 times
MX_ VX h
vX_multV
Fire at granularit% II

vx_fft 120, 1 time

Multirate graphs can be implemented using subscheduling
to improve speed and reduce memory usage

Gedae, Inc.
www.gedae.com



Sonar: Transformation Gedae

Auto-Subscheduling Tool

RI=TES

File Edit “iew Options Help

Hame TotalG Buytes Diw Thiw G Butes*i Boxes Subzched

Schedule 1 1 1440 1 1 1 1440 5 i .

1 2 1966050 2 2 1 1966050 2 1 SChedule |nf0rm ation
2 240 20484 30 0 4 £1936 B i1 ;
3 1024 4200 32 B4 16 75200 il iz 8 Dl a| 0O g
4 4095 E3628 B4 4096 1 F3628 17

» User can put boxes into named
subschedules manually — but can be difficult

» Auto-Subscheduling Tool puts boxes in
subschedules automatically

* Finds nested sets of connected boxes
running at common granularities.

» Automatically sets subscheduling levels

BT
Group 1 Schedule Parameters

File Edit Wiew Opigns

Mame Size Priority Policy Peri
Part default
Schedule 1 1448 0 dataf low
SubSched 1

Segment default 2457600

Segment parent_memary 480

SubSched 1,1

Segment default Eoh3E

Segment parent_memary 22784
SubSched 1.2
Segment. default 143040
Segment. parent_memory 10360
SubSched 1.2,1
Segment. default EL1720
Seament parent memoruy [9E0

Auto-subscheduling has reduced memory needed by graph
from 250 Mbytes to about 2.5 Mbytes - 100x improvement

Gedae, Inc.
www.gedae.com



Sonar: Running on VM

test_ WB_SONAR Trace Table

File ‘“iew Options Stats & ¢

Mame:

42.247102 &
43,184382 s

iclient

default

Schedule 1

SubSched 1

SubSched 1,2

SubSched 1,2,1

data_source

WE_SOMNAR

BazehandFilterlec

td_beamformer

[0]v_spaceTimeStore_m

[0]interpolation

[O01Im_czelen

w_nconcat

WE_SONAR

BasebandFilterlec

wx_efirdy

43.696022 s
+0.358640 =

WE_SONAR

FregTransformation

SubSched 1,1

FregTranzformat.ion

fak el

=2

fak el

WE_SOMNAR

DizphlFandPlotwithContralS

Gedae

Multiple levels of subscheduling evident on Trace Table

Gedae, Inc.
www.gedae.com



Conclusion Gedae

Gedae Block Diagram Language allows
simple expression of a wide range of
algorithms

User optimization information can be added
without modifying block diagram

100+ transformations create efficient
executable application from language and
user information

Application runs efficiently on Virtual Machine
VM provides portability and visibility

Gedae, Inc.
www.gedae.com





