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Cngineering architecture

e Dave Clark:"putting components together for a purpose.’
e Component modules
* Protocols for communication

e Hierarchy
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FIGURE 1 The GNC architecture used for Apollo missions (taken from [1]).
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FIGURE 5 Multirate robotic control can be viewed through the lens of layered architectures (taken from [51]).

Should be PID at lowest level.
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Gat's three-layer architecture
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Gat, E. (1998). "On Three-Layer Architectures.” In Al and Mobile Robots, AAAI Press.
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Figure 1 A brief history of abstraction in design (Source: F. Schirrmeister).



— threads N/

ask-level models

' —

synthesizable

VHDL programs
DL programs
——
FPGA configurations
| \J/
HA

silicon chips

standard
cell

P4-M 1.6GHz

microprocessors



Application Space Architectural Space

.a .
¢ ¥
i
g da S Tl S
f' 777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777777 , |
| 7
€
i
‘ll
1 &

Application Instance Platform Instance

Platform Platform
Mapping Designh-Space
Export



Web VoIP P2P
Email RTSP

TCP UDP
ICMP

Ethernet
Sonet ATM

Anabolism

Catabolism (Biosynthesis)

ADP
Carbohydrate G ATP > Amino Acids

Fat QNADPH Nucleotides
Proteins Lipids

Triose-P, ..., Hexose-P
Pyruvate
Oxaloacetic Acid
o-Ketoglutarate
Acetyl-S-CoA
Succinyl-S-CoA

PEP
——

) Few .
Diverse Diverse
: Precursors and
Nutrients ; Products
Carriers



T e e i i i s aniadits |

it et B

[ == e e e e e e o e e o -

NON-MUSCLE OXYGEN DELIVERY

28!

260

S

08y

44 4

00333

PoTLx.J‘

2400

Qo2

284

IF POD>Q, POJ: POD
IF POD< 0, POJ=POD X33

PA1

M e e e e e e e == ad

AUC=0
(When>PA1>80)
AUC= .03 (80-PA1)
(When PA1>40,<80)
AUC=1.2
(When PA1< 40)

300

AUB=0
(When PA1>170)

. AUB=0143(170-PA1)

(When PA1>40,< 200)
AUB =1.83
(When PA1<40)

J08

AUN=0
(When PA1>50)
AUN=.2(50-PA1}

—M  (When PA1 >20, <50)

AUN=6
(When PA1<20)

2z
124
302
3¢ ! 307
td
=
j
a0 AU
|+
~1° X =
/ AUK \ -~
6
AUS X
28
()

310

wrmm - — o =t

bt e e

et m e ] e — —————

I 5 -
|
VASCULAR . | KIDNEY DYNAMICS AND EXCRETION
STRESS ' | s
RELAXATION = -
! Az5
65 | | 205
! ll o078l
|
[ } 125
| t
! | 161204
‘L I PC 209
‘ I
‘ : 18 loLp 'r
! X 20352 i
[ PA T
| ; ' :
| 1
J i i }
o : r
| ! N !
i : 1% i
i : REN !
|
!
! i 2or J12 . I
: ; RR ,oo; |
\ ] b
| ! i
______ —_—— e ——na : :
; FAl ppg a :
H ;
[ — e m t
I Rt Ml sttt : ! Y
. t
| e Y- = === A — = | 42 i
i eN3 o212 dy_ o ___-_-
] I e
} : i |
. i . i
| ) ] I
! | | "
; ) : | REN
i : H 1
: ) : i PA
: | L
| - " |
1 ! i 54
L | ! jLcna
1 | } |
I i i ;
! ; I i
1 PR1 X . )
i i ! ' .
{ ! i :: _____________________________
; ! | |
: : I T 172
¢ | 1 1
' | : i ANTILOG
I [
‘ 4
| " DFP ol oy f 1 ; r7e | AM2
i 1 f
; ! \J T : :
: QRO, Lit4--4t4++--4--|— =~ - -1 - - —————}-4 |
: l
| ATT= "I 7 — ---r--—-"=---7r{tT-" - - -"=-"-"=-"===- | i
| 1 . ! !
) 1 Q | o7 } |
I ! — L02] VTL - | i
| 23 RPT 22 PLA : 5 . JOB' ; }
| . {5 §'+ ﬂy—l, VPE /‘\, 38 005 : PT DPL ! :
| PG PGL BN /l\vpg a . 1o 04 1 |
! L——e.ooas 5.30625 VRE | x e | !
~tr t {
; CIRCULATORY DYNAMICS ; A .-
SO 3 e i O B e —— j 25 ! e i
1 1 ]
i Jiti
: | i I
] : 1 1
o Sy e i EEEE L LR (el T - A
i PPC SRS U AR O A I Lo ' ' d
| o Sl T : e
) w8 45[PPR /TP bt | ! 340 ; ; i
I 40 ) ! 1 I )
= [
! CPN VPF 1 .4 st by oL | ! :
| 0002257 47 4 L ;| I | |
| | ! ! )
I x| GAE X L b | we : I ,
| PPN +§> 2 Ny R [P i : )
! S o5 Jeal| | ! | e : R
> N ;
i 0003 PLF | X : i : i PA4 i ) :
! .009 | ! | ,l ! | !
. is4 £ro. Lo b l3ee | : !
* ! i (3 : NlE
I 1y ! 1 ) !
j il \-no ! | : 33"3 57600| 545 ], 57600 | | HMD ! ! oS + Dz
: PPl | 43 [ : i ) i : :
! P50 N by : '
- 1
: T ! E 3»;9:; 0000058 : is« 345 ! X
H ! i 1 1
, Tz o) RKC DS e S HPR ! '
] VPF 'y ¢ ! : 1
' ?) / (D125 1 CO00NE ] i 'l ! .
1 [ Ty 1
| | ! ! t
| PULMONARY DYNAMICS o RED CELLS ! ' HEART HYPERTROPHY ! ;
P
| AND FLUIDS « + AND VISCOSITY | ! OR DETERIORATION i : {
L e e e e e e e e e e e e == 3 B N T ]




Three bioenergetic pathways

How the body produces ATP during exercise

4 )
1 . PhOSphagen SyStem (ATP'PC) 7 Creatine
Immediate energy - anaerobic - no oxygen needed /
o ihe-
S [ Crea.tlne P ]—» Creatine kinase — [ ATP }
(@) Stored in muscle 1 ATP
o
~1 ATP per creatine-P Duration: 0—10 seconds Sprint start - max lift
\ _J
2. Anaerobic glycolysis o P
Short-duration energy - no oxygen - fast but limited
v
c Glucose : Pyruvate
= Glycolysis
o Blood / glycogen 2 ATP net
)
~2 ATP per glucose Duration: 10 s — 2 min 400 m sprint
4 )
3. Aerobic (oxidative) system
v Sustained energy - requires oxygen - highest ATP yield
&
©
= [ Pyruva.te W { Krgbs cyc.le J _ | ATP
'g + fatty acids J Mitochondria ~36
Ll
~36 ATP per glucose Duration: 2 min = hours Marathon - cycling
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UNITED STATES ARMED FORCES ORGANIZATIONAL STRUCTURE
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Robustness

* |nternet:fate-sharing.”"Dumb network, smart endpoints.” Means more complex hosts,
but more robust networks.

e Robotics: low level control allows for simpler model at higher level

e Hide detalls between layers



Constraints that deconstrain

e Freedom from choice

e \/irtualization

e Diversity enabling



