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What 1s Gedae?

Gedae

Gedae Is a block diagram language ...
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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.
www.gedae.com
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Complete systems can be developed independent of
the target system without losing runtime efficiency
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Gedae Language T
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);

]

complex data elements tokens.
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

m rt_stap_hard_8_16.stap_pp

File Application Edit

S

ey O

Space-Time Adaptive Processing
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float F= F= | P | |_|| 1 Form_¥p
Float Fif Fif d TS
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Float Hall Ha [ M|
int Pad Pad — | L |
complex Calibl] Calib — @ |
const int L :—1
const int 0 F
float dl]

t congt int M1

W_fft const int Mp

range m = 0..M-1] In[0ut | —|complex gC1]
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Status: canvas size snapped to window
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Families permit replicating box and data elements

Gedae, Inc.
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RT-STAP: Language

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
* 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 || [Zems 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 gedse

» 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

_Iolx
File Edit ‘iew Ootione Help
Hame Source De=t Afer Type NBzize Send Bufz  Recy Bufs  Xfer Params
stap_pp. form_Kp,corner_t, [01013Tme_wi_1<in 116 113 ztrean 46030 -b 10 -d 2 =y
stap_pp. form_Kp,corner_t, [71014 Tme_wi_1<in 123 114 dsza 2 3 -b 10 -d 2
stap_pp. form_Kp,corner_t, [B1014 Tmye_wi_1<in 122 114 dsza 2 3 -b 10 -d 2
stap_pp. form_Kp,corner_t, [51014 Tme_wi_1<in 121 114 dsza 2 3 -b 10 -d 2
stap_pp. form_Kp,corner_t, 141014 Tme_wi_1<in 120 114 dsza 1 1
stap_pp. form_Kp,corner_t, [31014 Tme_wi_1<in 115 114 ztrean 46030
stap_pp. form_Kp,corner_t, [11018Tm_wi_1<in 117 115 ztrean 46030
stap_pp. form_Kp,corner_t, [01018Tm_wi_1<in 116 115 ztrean 46030
=tap_pp. form_Xp, [0]rfam_mx<[0]in 115 100 ztrean 24430 |
stap_pp.preprocess2, [20]1iq_convert2 ,v_multlscdin|124 123 dsza 1 1
stap_pp.preprocess2, [211iq_convert2 ,v_multlscdin|124 123 dsza 1 1
zink_pp., [01w_mux<[0]in 100 host gzim_hostrhost 3340
zink pp.[01vx mux<[1]lin 100 host gzim host>host 3840 £

User can guide transformations to optimize implementation

Gedae, Inc.
www.gedae.com



RT-STAP: Running on VM

[ rt_stap_hard_8_16 Trace Table - O] x|

File ‘iew Options Stafs &

Mame 4,385269 = 10,034096 =
9,296810 = +(1,498933 =

client
100
101
102
102
104
105
Lo I | | S (A= caatll . |l g | s
107 [ , Sy ]

hiost

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  Wiew & »

Addresz  Hem
|

Y
400BABD0

=1al x|
Help

ja]
I
I

Hap
|
|

400BACDO [

400BBOD0

400BB4D0

400BB300

400BBCDO I

400BCOD0

400BC4D0

400BCED0

400BCCD0 | =

=

[ds_terminate

Jds_start

400BDODO | =_apply

|ds_closure

400BT400

400BD300
400BDCDO
400BEDDO
400BE4D0
400BERDO
400BECDO
400BFODO
400BF400
400BFED0
400BFCDO
400C00D0
40000400
400C0800
400COCD0
40001000
40001400
40001800
400C1C00

N arrly

Memory Map

400C2000 | =_sc
40002400
40002300
400C2C00
40003000

»{Memory Info

Tupes
Hame§
Elemsy
Elem Size:

M Butes:
Offzety

400CE4D0

[stap_pp.preproce

[stap_pp.pre

400C3E00 [

[stap_pp. [01doppler, w_multh<y

stap_pp. [11doppler, ve_multy<\] 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

40004400

ztap_pp.[11form W, vx_weconst<IN

[ ztap_pp. [21Form_bl v

nist4IN

400C4300

|Stap_pp,[3]FOPm_N,vx_uxconSt<IN

|stap_pp.[4]FOPm_N,ux_vxconst<IN

S~

»¢ Structure: embeddable/stream;fi o ] 1|
File Wiew Options
Hame: Walue
embeddables/stream/fird state|,..
int granularity 31296
float *in (4 07BDEL0: ZERO_PTR
float #*C D OOCEZ00: 0, 001B1023, ,
int %0 Qe 0OC3008: 4
float *Crurs QA 00CE290: -0, 00161023, . .,
int. N_Crurs 36
float *out Qx4 0B0FCAG: ZERO_PTR
int M 35

conplex

Structure Display

=101 x|

stap_pp. [41form_W,wx_wxconst<IN

BB

8

528

(rcal30

04 D0c4b00
0, 0892162
1, 131ERE

400C4C00

[ stap_pp. [51form_W,vx_weconst<IN

[ stap_pp. [EIform_bl,vx_wxconst<IN

4005000

| stap_pp. [7 Iform_W, we_vxconst<IN

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

40075470

Preplanned use of memory allows distributed runtime debugging

Gedae, Inc.

www.gedae.com




Mode Control: Language

 Branch boxes make mode Fie Applation Edt View Osions

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 HodeGhCtr1P r'oute_2| ul v_mergef_c
|cpar‘am in|  out m| O cparams |out —0| nl infl out
. [ 1 mparams 11 e
boundaries H e | | B
TafETE | 3 | Ninst[0] '7 N:’nit =
in| mode —< State S
HE I - ” b h t t smode Mot |® J
o XCIUSIve Drancn outputs et a0 i
i
ModelwCtr1P
show where resources can
nparans
mp_branchf _e route - "
S K e} i
—
be shared SR SNy
&
ModeZP
« State shared between _
. . . ,:_.‘_.IMndeW'Seg.AppllcatlonP.MDdesP.ModeletrIP - ||:| il
modes is explicitly declared Fle _spploalon_Edt Vew i
. mi
I n th e g rap h cp_branchf_e ni Model i v_mergef _c
const int Nmodes ‘cpar‘ams in =; cparans |out inf out
constint Ninst(] cp_decode L= . |[uparans wic
conzt int Nppill in] mode state
range m = 0, M snode | statel
range ml = 0,,F : _< @ Hatiz
szt = o Hppi

The Gedae primitive language =

There is a sepe np_branchf_e| .
. =~ 1

directly supports segmented o e | e B

see more about

data processing, sharing of v

inlout —
1

const int Mppi
resources, and distribution of s
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
GEdi instance. The exclusive branching of the triggers insures that memory will be shared by all the input
hoxes.

Segr/ModeduCtrlP | 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);
by
last = j;
+
if (0<=j && j<F) {
*out++ = *in;
prdc++;
¥
in++;
+
produce(out[last],prdc);

}




Mode Graph: Transformation

Group Control
Group Name: | Group
Schedule Controls
Fun on Embedded

ImportTabie...

Partition Group.

Map Parts...
Set Transfer Methods...

Set Granuarities.
Partition Memory...
Set Gueue Capacities..
Sel Schedue Parameters...
Set Contral Metheds...
Print Allocation Summary

Reload Embedded Config
Open Conliguration Viewer...
Create Launch Package..

DONE

o0 00
Gedae

wer : Maptmbedinfo —lo]x| File Edit View O Help |
e
File Edt View Cptions Help | Nane Siza Priocity Policy  Period Fatry £ Hesbarship
Uik i Proc M Suttem Hawe  Trace Hes Trace Size Parans ] ot ET QP | "' P=X 1= Ceoh P | 4]
e m—rrra— q —woet-Staticocned
Shedule 8 B 1 schediles retry
gt 1ahoat et 2000000 Seheduln 72 f o 1 schedules  |default retry noeeeq
gain_host default 1000000 p= Y ) e
e im bt ol 2000000 ) 'ﬂ! = m ey
ain host Geisult 10000 =
= = 16416 o 1 schedules [defmalt 1) (.00 lock
E"= E;"‘ Miew  Dptiona 40568 o 1 schedules |asfault (1.1 (3.00 (24.3) leck
= 2 izu_ss o 1 schedules |default €,1 (3,00 (24,2 lock
| 4056 0 1 schodules | ofamal b 1,13 43,00 (24,10 Dok
g e Zipptr ity Ll BT o 1 schedales |dsfault (1) (3.0 (24.0) lock
I & o q b = B 1 schedules |defsult 1,00 15,00 lock
Aot iore, M arens, plHergy ot host e o ot auslt £1,00 18,00 (16,00 lock shared
T jacat donb, Hovies? Howni®, v morped oic b = o vt lous o smal £ 1,00 45,00 (15,13 lock  shared
Fast P - e - 254 o dataf low e sal t (1,00 (5,00 (16.2) lock shared
w200 & datafloe 1 schedules |defsult (1,39 4,09 lock
g ETH o dataf low L schedules  |default 1.5} 14,00 (15,00 lock
1 32600 o dataf low 1 schedles  |defmalt 4,20 (240 (7,00 lock
[ [orc =erc 1920 o dataf low 1 schedules | defsult (1.2) (2.1} (7.00 (30.1) lock
s1508 o dataflow 1 schedules |default 1,2} (2,1 (7,00 (30,00 lock
00 0 dataf low 1 schodules | ofamal b 1,23 42,00 (6,03 leck
] o datafiow 1 schedules (4.2 (2,00 (6.0) 28.0) lock
Gron Mult Mt Gran  Max Gran Seguent. defsult | 75704 Sersilt (1.2) (2.0 (6.0) (28.0)
rplicationd ModesP Mo, fschadule 72 1 1 = | if Sogment dna.l [20504 defauile 11,2) (2,00 (6,00 (28,10
w N r I O r I [ s o smal £ 1,93 42,00 (5,00 {7813
Mt lonP HodesP Hoode!| || o A, N e — e o dutaric 1 schedules 1.2 (2,00 (6.0) 20.0) lock
= Jeplacsuaont Hidesh ool Aplicat jord — Soqpent. default | TS704 Gefsult ©1,2) (2,00 (6,00 (28,00
| freLicat onP, NodesP, HodeZP L ] Sngaent den 2|16 s ault (1,20 (2,00 (6,00 (28,00
- Hodelultr]P |Smcmant. dna 3|16 ot sl 01,2 (2,00 (6,00 (95,00
T R— P ks S = Lo
T . ——— =loix|
el | | | e | A0 G0 005 et
feplicat lonP, RodesP Hodi2P | v 4 .1 (3,00 (3.0 lock i
Lacation? FodesF oo .| l._a:-%_ Hane Capacity  Dytas Sre Palicy Dest Policy Hemory Tuge
l‘gpll(mlonl‘.ﬂqu.Mi | 1 2 rea lparent ldefoult ]
LizstionP. Hedesl Hods || [y v iore 1 15 rea lparent ef il 5
e oo Mo oz ||l 3L 1 1 18 res parert it
Geplicat 1onP, HodesP HodeP HodeZaner IP, [ 1 HodeZa, - B 1 Y — ! . — — joureul
1 1eat ionf, Hoceal  HodelF  HodeZauCtr 1P, [1 1Models,| - ! | ¥ Q L s Jrarent detmlt
MM o d 38 B 1 rey laret doé il
- licak jord,| it Planloading, [0]fhoesn lrat, [Shv_soladdlin el i réd jparent e mult
HELP *T:;:::fy&mrmﬂr::]m’ﬁ:“*“f“: l’ﬁb‘liuhwi’ Rrstnarcharusgement. Pl ard o, 0 Chomsalnst. [41y,_sals<in 1 rea oot [aetoult
T T T o v <PlanLosding, [0]Chooselnst , [ 30, selsubkicin 1 ey lparet e
1 icat forf, HodosP  HodelF , ModeZaultr 1P, [0 1Modela, ModePaProcs ry
e 7 e Planioading, [0)Chozan lrae, [2]u_selsubicin 1 reg lparet e il vl
L ool o crf. ssturcHanssent. Pl ard oo, (0 Chusse st (11y selsufSin 1 e loarent st b

User can set partitioning, ma

ping, data transfer methods,
granularity, priority, queue sizes and schedule properties
from the group control dialog

www.gedae.com



Mode Graph: Running on VM Gedae

T e Each mode requires a

0 PEY different number of

- Processors

i  Branch boxes at one

o level are responsible for
= the dynamic distribution
e e e T T VM runtime kernel enforces
s — AW A dynamic data driven

o SHL= o o ] t S d d I
;2: 38 —EH—HTHEE Ti——inni HH—H-——n execu Ion . en an recelve
et | | primitives and state transfer
ExSet. § —H—e—e— AR . ., n .

S . — L. . — primitives use BSP of virtual
e mon wmeow machine to transfer data

Gedae, Inc.
www.gedae.com



. - .
Mode Graph: Running on VM 2o4e

ModeWSeq Trace Table

File “iew Options Stats 4 1

e Primitives to send and receive =

[recwstate 0

state are automatically added i = P n
by transformations

* Messages generated by
Virtual Machine at mode

change boundaries efficiently

coordinate state transfers e (THTH Y T
Exgeti . 7z - | |
t G r
. .

Result is efficient transparent use of shared state on
distributed processing system

Gedae, Inc.
www.gedae.com



Sonar: Language

@ test_WB_SONAR.WB_SONAR

Gedae

(=13

File Application Edit “iew Help
Time Domain Eeamformer
td_beanformner BasebandFilterllec FreqTransformation MakelB Integrate
hydrophone_data hydrophone_data |out in out |I— | in aut. in |out in| out
—— Sample_rate bbf FFTsz Nbeamz 1

const int Nhydrophones >+———— | MWhydrophones — |Sample_rate
float D¥hydrophone >—————— | Dkhydrophone — ]

— Hheams C
float Totalfngle TotalAngle
conzt int Procs Procs

float Freq = BRO

float Sample_rate
conzt int Wbeams
conzt int T
const int FFTzz V5_Read V5«2 _BuyteSwap_V _J
| "Nctave_zingle_stage_coef,bin” | Frame |Out In| Out.

I_Read

Fname|Dut —

In|

H
I_ByteSwap I_Mult
Out  |—

-- trainings narAWB_SOMAR | Mo comment

Status:

Bel

Copyright by Gedae Inc.

Author: William I. Lundgren

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

L mx_ad join v WA wi_mul ey w_fft
al out  |—|injout |———|in| out |— inln:uut B
lh ’— W

v

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

Static Schedule Timeline

mx_adjoin

MX_ VX

vX_multV _ :

wx fit Fire at granularltxv

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 L 120 times
MX_ VX h
vX_multV
Fire at granularitxv 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 Boyes Subzched

Schedule 1 1 1440 1 1 1 1440 5 il .

1 2 1966050 2 2 1 1SEE0R0 2 1 SChedule |nf0rm ation
2 240 20484 30 0 4 £1936 B 1.1 ;
3 1024 4200 32 B4 16 7EE00 1 1.2 Dl a| 0O g
4 4035 E3628 B4 4096 1 E3628 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

1.2.1
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 &) 1

Mame:

43,247102 =
43,184382 =

client

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

[O01m_czelen

W_nconcat

WE_SONAR

BasebandFilterlec

wx_efirdy

=10 x|

43,696022 =
+0, 358640 =

WE_SOMAR

FregTransformation

SubSched 1,1

FregTransformat.ion

fak el

EE

fak el

WE_SOMNAR

DisphlFandPlotwithContralS

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
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