
The Architecture of Systems Engineering
Benjamin Recht
UC Berkeley



negative 
feedback 
amplifiers

Stochastic 
Programming

With Recourse

Action Impact

Ac
tio

n 
Fr

eq
ue

nc
y

Model 
Predictive 

Control

Distributed 
Control

PID 
Control

Bandit 
Algorithms

Game 
Theory

???



0.prompt agent

LLM
1.chat

3.tools

4.observe

2.responseA

B

-
Vin Vout

z

u

C
reference

P+

+

disturbance

noise

-





Engineering architecture
• Dave Clark: “putting components together for a purpose.”

• Component modules

• Protocols for communication

• Hierarchy





Should be PID at lowest level.





Gat's three-layer architecture

Slow

Medium

Fast

Deliberator
Planning, search, temporal projection


Asynchronous · No real-time guarantees

State about

the future

Plans / query responses Queries

Sequencer
Conditional sequencing, behavior selection


Uses internal state · No search

State about

the past

Behavior selection + parameters Status

Controller
Reactive feedback loops, primitive behaviors


Minimal state · Constant-bounded time

Stateless

(ephemeral only)

Actuators Sensors

Environment

Gat, E. (1998). "On Three-Layer Architectures." In AI and Mobile Robots, AAAI Press.



Skips Layer 5 (Session) and Layer 6 (Presentation)

From CS 168
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FIGURE 1. Systems analysis diagram for reI,'1.llation of the circulation. Units are the following: volume 
in liters; mass in grams; time in minutes; 'chemical units in milliequivaIents; pressure in millimeters of 
mercury; control factors in arbitrary units but in most instances expressed as the ratio to normaI- for 
instance. a value of 1 represents normal. Normal values are given on the lines that repre-rent the respec� 
tive variables. 

The following is a list of the important dependent and independent variables in the analysis (addi� 
tional variables are present for purposes of calculation but generally have no physiological significance): 

AAR-afferent arteriolar resistance 
AHM-antidiuretic hormone multiplier. ratio of 

normal effect 
AM -aldosterone multiplier. ratio of normal 

effect 
A MC-aldosterone concentration 
AMM-muscle vascular constriction caused by 

local tissue control. ratio to resting state 
AMP---effect of arterial pressure on rate of aldo­

sterone secretion 
AMR-effect of sodium to potassium ratio on 

aldosterone secretion rate 
AMT-time constant of aldosterone accumulation 

and destruction 
ANC-angiotensin concentration 
ANM-angiotensin multiplier effect on vascular 

resistance. ratio to normal 
ANN-effect of "sodium concentration on rate of 

angiotensin formation 
ANP-effect of renal blood flow on angiotensin 

formation 
ANT-time constant of angiotensin accumulation 

and destruction 
A NU-nonrenal effect of angiotensin 
AOM-autonomic effect on tissue oxygen utiliza­

tion 
APD-afferent arteriolar pressure drop 
ARF-intensity of sympathetic effects on renal 

function 
ARM-vasoconstrictor effect of all types of 

autoregulation 
ARI-vasoconstrictor effect of rapid autoregula­

tion 
ARZ-vasoconstrictor effects of intermediate 

au toregulation 
ARJ-vasoconstrictor effect of long-term auto­

regulation 
AU-overall activity of autonomic system. ratio 

to normal 
AUB-effect of baroreceptors on autoregulation 
AUC-effect of chemoreceptors on autonomic 

stimulation 
AUH-autonomic stimulation of heart. ratio to 

normal 
AUK-time constant of baroreceptor adaptation 
AUL-sensitivity of sympathetic control of 

vascular capacitance 
AU M -sympathetic vasoconstrictor effect on 

arteries 
AUN-effect of eNS ischemic reflex on auto� 

regulation 
A UV-sensitivity <:;ontrol of autonomies on heart 

function 
AU Y -sensitivity of sympathetic control of veins 
AUZ--overall sensitivity of autonomic control 
A VE-sympathetic vasoconstrictor effect on 

veins 
AIK-time constant of rapid autoregulation 
A2K-time constant of inter;nediate autoregu­

lation 
A3K-time constant of longMterm autoregulation 
A4K-time constant for muscle local vascular 

response to metabolic activity 
BFM-muscle bIo"od flow 
BFN-blood flow in non-muscle. non-renal tissues 
CA--capacitance of systemic arteries 
CCD--concentration gradient across cell mem-

brane 
CH Y -concentration of hyaluronic ad4 in tissue 

fluids 
CKE-extracelIular potassium concentration 
CKI-intracellular potassium concentration 
eN A --extracellular sodium concentration 
eNE-sodium concentration abnormality causing 

third factor effect 
CPG--concentration of protein in tissue gel 
CPI--concenuation of protein in free interstitial 

fluid 
CPN--concentration of protein in pulmonary 

fluids 
CPP�plasma protein concentration 
CV-venous capacitance 
DAS-rate of volume increase of systemic arteries 
DFP-rate of increase in pulmonary fr�e fluid 
DHM-rate of cardiac deterioration caused by 

hypoxia 
DLA -rate of volume increase in pulmonary veins 

and left atrium 
DLP-rate of formation of plasma protein by 

liver 
DaB-rate of oxygen delivery to non·muscle cells 
DPA -rate of increase in pulmonary volume 
DPC-rate of loss of plasma proteins through 
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systemic capillaries 
DPI-rate of change of protein in free interstitial 

fluid 
DPL-rate of systemic lymphatic return of 

protein 
D PO -rate of loss of plasma protein 
DRA-rate of increase in right atrial volume 
DVS-rate of increase in venous vascular volume 
EVR-postglomerular resistance 
EXC--exercise activity, ratio to activity at rest 
EX E---exercise effect on autonomic stimulation 
GFN-glomerular filtration· rate of undamaged 

kidney 
GFR-glomerular filtration rate 
GLP-glomerular pressure 
GP D-rate of increase of protein in gel 
CPR-total protein in gel 
H M -hematocrit 
HMD-cardiac depressant effect of hypoxia 
IIPL-hypertrophy effect on left ventricle 
HPR-hypertrophy effect on heart. ratio to 

normal 
HR-heart rate 
HSL-basic left ventricular strength 
HSR-basic strengr.h of right ventricle 
HYL-quantity of hyaluronic acid in tissues 
IFP-interstitial ft.uid protein 
KCD-ra.e of change of potassium concentration 
KE-total extracellular fluid potassium 
KED-rate of change of extracellular fluid con-

centration 
Kl-total intracellular potassium concentration 
KID-rate of potassium intake 
KOD-rate of renal loss of potassium 
LVM--effect of aortic pressure on left ventrIcular 

output 
MMO-rate of oxygen utilization by muscle cells 

L_� _____ _______ ______________ � L _________ ____ _________________ _ _ _ _ _  .J 

M02-rate of OXYien utilization by non·muscle 
celts 

NAE-total extracellular sodium 
NED-rate of change of sodium in intracellular 

fluids 
NID-rate of sodium intake 
NOD-rate of renal excretion"of sodium 
OM"M-musde oxygen utilization at rest 
OSA -aortic oxygen saturation 
OSV-non-musc1e venous oxygen saturation 
OVA-oxygen volume in aortic blood 
OVS-muscle venous oxygen saturation 
02M-basic oxygen utilization in non-muscle 

body tissues 
P A -aortic pressure 
PAM-effect of arterial pressure in distending 

arteries. ratio to normal 
PC ........ capiUary"pressure 
peD-net pressure gradient across capillary. 

membrane 
PCP-pulmonary capillary pressure 
PDO-difference between muscle venous oxygen 

P02 and normal venous oxygen Po� 
PFI-rate of transfer of fluid across pulmonary 

capillaries 
PFL-renal filtration pressure 
PGC--colloid osmotic pressure of tissue gel 
PGH-absorbency effect of gel caused by recoil of 

gel reticulum 
PGL-pressure gradient in lungs 
PGP-colloid osmotic pressure of tissue gel caused 

by entrapped protein 
PGR-colloid osmotic pressure of interstitial gel 

caused by Donnan equilibrium 
PIF-inter$titial fluid pressure 
PLA-Ieft atrial pressure 
PLD-pressure gradient to cause lymphatic flow 

PLF-pulmonary lymphatic flow 
P MO-musc1e cell POl! 
POD-non-muscle venous Paz minus normal value 
POK-sensitivity of rapid system of autoregula� 

tion 
PON-sensitivity of intermediate autoregulation 

POS-pulmonary interstitial fluid colloid osmotic 
pressure 

POT-non-muscle Cf':ll Poz 
POV-non·muscle venous P02 
POY-sensitivity of red cell production 
POZ-Sf':nsitivity of long. term autoregulation 
POZ-oxygen deficit factor causing red cell pro-

duction 
P P A -pulmonary arterial pressure 
PPC-plasma colloid osmotic pressure 
P PD-rate of change of protein in pulmonary 

fluids 
PPI-pulmonary interstitial fluid pressure 
PPN-rate of pulmonary capillary protein loss 
P PO-pulmonary lymph protein flow 
PPR-total protein in pulmonary fluids 
PRA-rigilt atrial pressure 
PRM-pressure caused by compression of inter .. 

stitial fluid gel reticulum 
PRP-total plasma protein 
PTC-interstitial fluid colloid osmotic pressure 
PTS-solid tissue pressure 
PTT-total tissue pressure 
PGV-pressure from veins to right atrium 
PVG-venous pressure gradient 
PVO-muscle venous P02 
PVS-average venous pressure 
QAO-blood flow in the systemic arterial system 
QLN-basic left ventricular output 
QLO-output of left ventricle 

QOM-total volume of oxygen in muscle cells 
Q02-non-muscle total cellular oxygen 
QPO-rate of blood flow into pulmonary veins 

and left atrium 
QRF-feedback effect of left ventricular function 

on right ventricular function 
QRN-basic right ventricular output 
QRO-actual right ventricular output 
QVO-rate of blood flow from veins into right 

atrium 
RAM-basic vascular resistance of muscles 
RAR-basic resistance of non·muscular and non-

renal arteries 
RBF -renal blood :flow 
RCI-red cell production rate 
RC2-red cell destruction rate 
RCD-rate of change of red cell mass 
REK-percent of normai renal function 
RFN-renal blood flow if kidney is not damaged 
RKC-rate factor for red cell destruction 
RMO-rate of oxygen tran:sport to muscle cells 
RPA -pulmonary arterial resistance 
RPT -pulmonary vascular resistance 
RPV-pulmonary venous resistance 
RR-renal resistance 
RSM-vascular resistance in muscles 
RSN-vascular resistance in non�muscle. non-

renal tissues 
RVG-resistance from veins to right atrium 
RVM-depressing effect on right ventricle of 

pulmonary arterial pressure 
RVS-venous resistance 
SR-intensity factor for stress relaxation 
SRK-time constant for stress relaxation 
STH-effect of tissue hypoxia on salt and water 

intake 
SVO-stroke volume output 

TRR-tubular reabsorption rate 
TVD-rate of drinking 
V AS-volume in systemic arteries 
VB-blood volume 
VEC--extracellular fluid volume 
VG-volume of interstitial fluid gel 
VGD-rate of change of tissue gel volumes 
VI B-blood viscosity. ratio to that of water 
VIC-cell volume 
VID-rate of fluid transfer between interstitial 

fluid and cells 
VIE-portion of blood viscosity caused by fed 

blood cells 
VIF-vo]ume of free interstitial fluid 
VIM-blood viscosity (ratio to normal blood) 
VLA -volume in left atrium 
VP-plasma volume 
VPA-volume in pulmonary arteries 
VPD-rate of change of plasma volume 
VPF-pulmonary free fluid volume 
VRA -right atrial volume 
VRC-volume of red blood cells 
VTC-rate of fluid transfer across systemic capil­

lary membranes 
VT D-rate of volume change in total interstitial 

fluid 
VTL-rate of systemic lymph flow 
VTS-total"interstitial fluid volume 
VTW-total body water 
VUD-rate of urinary output 
VV7-increased vascular volume caused by stress 

relaxation 
VVR-diminished vascular volume caused by 

sympathetic stimulation 
VVS-venous vascular volume 
Z8-t.ime constant of autonomic response 



Three bioenergetic pathways
How the body produces ATP during exercise
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1. Phosphagen system (ATP-PC)
Immediate energy · anaerobic · no oxygen needed

Creatine-P

Stored in muscle

Creatine kinase ATP

1 ATP

~1 ATP per creatine-P Duration: 0–10 seconds Sprint start · max lift

2. Anaerobic glycolysis
Short-duration energy · no oxygen · fast but limited

Glucose

Blood / glycogen

Glycolysis Pyruvate

2 ATP net

Lactate

~2 ATP per glucose Duration: 10 s – 2 min 400 m sprint

3. Aerobic (oxidative) system
Sustained energy · requires oxygen · highest ATP yield

Pyruvate

+ fatty acids

Krebs cycle

Mitochondria

ATP

~36

~36 ATP per glucose Duration: 2 min → hours Marathon · cycling

H₂O + CO2

Creatine
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Diversity
• action

• time scale (cardiovascular output, travel)

• application (internet, software)

• platform (physical layer)

• genotype?



Robustness
• Internet: “fate-sharing.” “Dumb network, smart endpoints.” Means more complex hosts, 

but more robust networks.

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

• Hide details between layers 



Constraints that deconstrain
• Freedom from choice

• Virtualization

• Diversity enabling


