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SCHE

Example: ArduPilot Scheduler

typedef void (*task_fn_t)(void);

struct Task {
task_fn_t function;
uintl6_t interval_ticks;
uintl6_t max_time_micros;

|5
Task _tasks[num_tasks];

* run one tick; this will run as many scheduler tasks as we can in the specified time
*/
void AP_Scheduler::run(uint16_t time_available)
{
uint32_t run_started_usec = hal.scheduler->micros();
uint32_t now = run_started_usec;

for (uint8_t i=0; i<_num_tasks; i++) {
uintl6_t dt = _tick_counter - _last_run[i];
uintl6_t interval_ticks = pgm read word(&_tasks[i].interval_ticks);
if (dt >= interval_ticks) {
// this task is due to run. Do we have enough time to run it?
_task_time_allowed = pgm read word(&_tasks[i].max_time_micros);

if (dt >= interval_ticks*2) {
// we've slipped a whole run of this task!

}

if (_task_time_allowed <= time_available) {

// run it

_task_time_started = now;

task_fn_t func = (task_fn_t)pgm read pointer(&_tasks[i].function);
current_task =1i;

func();

current_task =-1;

// record the tick counter when we ran. This drives
// when we next run the event
_last_run[i] = _tick_counter;

// work out how long the event actually took
now = hal.scheduler->micros();
uint32_t time_taken = now - _task_time_started;

if (time_taken > _task_time_allowed) {
// the event overran!

}

if (time_taken >=time_available) {

}

time_available -= time_taken;
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Syntax, Semantics and Logic
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Syntax

Rules how to write down the program text. Often expressed as grammar.

Grammar: (Z,N,P,S)

 finite set of terminal symbols: Y :={0|1] ... [true|false|x]| ...| == |=|+]| — | * |'| ; | iflwhile)|(|'{" | '} }
 finite set of nonterminal symbols: N := {B, 1, S}

* finite set of production rules: P
* B —>true|false|!'B|B==B|l==1
e | - no*|I1+1|—=1I[(D|I *I|var
e S - wvar =1]S;S|if (B){S} | while(B){S}

e distinguished start symbol: S

Parsing: the determining of production rules that have lead to a given program.
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Syntax, Semantics and Loic

Example

B - true| false |!B|B==B|I ==

I -»no*|I+1|—-1I|()|I=I|var

S - var =1]S;S|if (B){S}| while(B){S}

TECHNISCHE
NIVERSITAT

*
=1 Syntax Tree
* * * | > -1
read x
* * | >y | —>1 l->x 1—>(-1)
read x
|l >x 1—>0 | >y+1 | > x +(-1) equal int
equal int
B— x==0 S>y=y+1 S—> x=x+(-1)
not
. B —>Ix== S—>y=y+1, x=x+(-1)

S — while (Ix==0){ y=y+1, x=x+(-1)}

Summer 2015
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Semantics
B - true| false|!B|B==B|I ==

[Blpexp = Bool

[truelpexp = true
[false]pexp = false
true  if[Blpexp — false
[! B]]bexp — .
false otherwise
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Syntax, Semantics and Logic

Semantics

I sno*|I+1|=1|D|I *1|

[[I]]exp - 7

[42] exp = 42
[[4‘2 + 23]]exp = [[4‘2]]exp + [[23]]exp % MAXINT

State s : var —» Z
[Iexp — State - Z e
[[x]]exp(s) = s(x)
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Syntax, Semantics and Logic

Semantics

B - true| false|!B|B==B|I ==

I »no*|1+1|—-1I|(D|I*I|var

S - var =1]S;S|if (B){S}| while(B){S}

[S] — State — State

[x=1](s)=s P x= [[I]]exp(s)
[So; S11(s) = [S:1([S61(s))
[if (B)(SYI(s) = {[[S]]S(S) TUB ey (5) = true

otherwise

Semantics: Meaning or behavior of the program (or part of it)
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(Program) Logic

Means of reasoning about the behavior of programs.

(P}S1{R},  {R}S,{Q}

(P}S1; S,{Q} e PSP, (PISIQ), Q=0
1 (P}5{Q}

seq

ASSLIN P Exp/x]} x = Exp (P}
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Syntax, Semantics and Loic

(Program) Logic

Means of reasoning about the behavior of programs.

% * *
{[y>1Ax=5}={y*xx>1Ax=5Ay*xx>x} {y*x>1Ax=5Ay*x>x}y=y*x{y>1Ax=5Ay>x} {y>1Ax=5Ay>x}={y>x}
{y>1 Ax=5}y=y*x{y>x}

»\
* * * \

{y>1}={y>1A5=5} {y>1A5=5}x=5{y>1Ax=5} {y>1Ax=5}={y>1Ax =5}
{fy>1}x=5{y>1 Ax =75} " {y>1Ax=5ly=ys*xx{y>x}

{y>1}x=5y=y*xx{y>x}

PIS1R}, {R}S,{0}

{P}Sy; S,{Q} o PP, PISIQY, Q=0
1 {P}5{Q}

seq

%

{P[Exp/x]} x = Exp {P}

assign
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IMP: a C-ish language
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Why Imp?
* Cblurs the concepts of expressions and statements:
e Statement: control flow and side effects

* Expression: side-effect free execution

* But:
e x=5isan expressioninC(e.g., if(x=5<86)...)
e y=x<57-1:3*x;iscontrol flow inside an expression

e Starting easy with State s : Var -> Value

e Cmemory model:
* State s: Address -> Byte
* Interpretation of bytes when reading with a certain type
e.g., read_int(Address a) = int_from_bytes(s[a], s[a+1], s[a+2], s[a+3])
* No structure type
 (Callows complicated to formalize type construction using incomplete structs
e e.g.struct A; struct B {A * a;}; struct A {B *b;};
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" IMP

Types:

e truth values

* variables / locations

e arithmetic expressions

* boolean expressions

e statements / commands

Arithmetic expressions (Aexp):
Boolean expressions (Bexp):
Commands (Com):

State:

Summer 2015
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Glynn Winskel: The
* numbers Z: positive and negative integers, including zero (m,n, |, r) Formal Semantics of

Programming Languages
B = {true, false} 8 & ~angtias

Loc (X, y)

Aexp (ay, aq, ...,y )
Bexp (bg, b1, ..., by )
Com (cg,Cq, ey Cpp )

a #=n|X|ay+ ai|l-aplag*a,
b ::=true | false |ag=aq|ag<a;|—by|by A by
c ==skip|x = alcy; cq| if (b) then { ¢y} else { ¢, }|while (b){c}

s : Loc -> Value vs. Loc -> Type x Value

(here: not required; cannot store Booleans)
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Denotational vs. Operational Semanti - () universiTaT

Denotational Semantics:
Construct mathematical objects (denotations) that describe the meaning of expressions
n]:Z =n lag+a:Z XZ->Z=A.Ar.l +r
[3+5]=[3]+[5]1=3+5=28

Operational Semantics

Describe how programs compute

e Structural operational semantics (small step): how to compute individual steps
e |]:C1,S]]—>S’ [[Clis]]_)[[cllisl]]
B [C13Co S-S T  [C1iCasIIC1iCosT Tskip,sT—s
* Natural semantics (big step): how to obtain the overall result
C ) r’ C ) !/ "
e'g') [[ 18]]_)5 [[ : SH]:I_)S
[C1;Cp,S]—s
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Operational Semantics

Natural Semantics (Big Step):

natural semantics

const (bool / arith): where ¢ € {n,true, false}

[c,s]—-c
[b,s]-n
[eb,s]—on

unary expression (bool / arith):

[a,s]-m [b,s]-n

binary expression (bool / arith): where o € {4, Ax, =, <}

[aeb,s]-mon

] s(x)=n

read: TesTom
Sklp: [skip,s]—-s

P [a,s]-m
assign: -

. [[CO'S]]_)S,: [[Cl,S/]]—)S”
S€q: [coica, s—s"
if- [b,s]—-true, [cq,s]-s’

[if (b){co} else {c1},s]—>s’
[b,s]—false, [cq,5]—s’
[if (b){co} else {c1},s]—>sr

while: (later)
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[b,s1->(ns")

where o € {—, =} (side effects: [ob.s]>(ens))

(! Reading device registers may cause side effects)



Operational Semantics

Structural Operational Semantics (Small Step):

natural semantics small step
const (bool / arith): Tesloc (same)
. Ry [b,s]-n on=m
unary expression (bool / arith): Tob.s]oon Tobsloloimens] " Trslotm
. . R la,s]l-m [b,s]-n
binary expression (bool / arith): lasb s]omen lavbslolaannebsl’ " Teebslolbammems]
) s(x)=n | .
read: TesTom (same) latomicity of reads
skip: TkipsTos (same)
— [a,s]-m I . .
assign: e (same) latomicity
seq; [co,s1-s’, [c1,57]-s" [co,s]—s’ [co.sT-[co.s7] [ao,s]-(s’,m)
' [co;cq, sI-s"! [co;c1,51-lc1,571 [co;c,s1-lcor;c1,57] [ag;A n.aq(n),sl-laq(m),s’]
if- [b,s]-true, [cq,s]-s’ r=true
I [if (b){co} else {c,},s]—s! [if (b){co} else {c1},s]—[b; A r.if (r){co} else {c1},s]" ~ [if (r){co} else {c1},s]~[co,s]
[b,s]l-false, [cq,5]-s’ r=false
[if (b){co} else {c,},s]—s! [if (b){co} else {c1},s]=[b; Ar.if (r){co} else {c1},s]" " [if (r){co} else {c1},s]-[c1,s]
while: (later)
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Denotational Semantics

Denotational

natural semantics small step denotational
const (bool / arith): lesToc (same) [cl(s) =c
unary expression (bool / arith): bslon [e b](s) =o [b](s)
' [eb,s]—on [eb,s]—=[b;An.on,s]

binary expression (bool / arith):

read:
skip:

assign:

seq:

while: (later)

Summer 2015

[a,s]-m [bs]-n

[aeb,s]-mon
s(x)=n

[x,s]-n

[skip,s]-s

[a,s]-m

[x:=a,s]-s[x\m]

|IC0r5]]_>5,, [[Cl,S/]]—>S”

[[CO;Cll S]]_>S”

[b,s]-true, [cqg,s]—sr

[if (b){co} else {c,},s]—s!
[b,s]-false, [cq,5]-s’

Lif (b){co} else {cq},s]—s/

[aeb,s]—-[a;An.nob,s]

(same)

(same)

(same)

[co,s]-s’ [co,sT-[ch.s7]
[co;c1,51-lc1,571 [co;cr,s1-lcor;c1,57]

[if (b){co} else {c,},s]—[b; A r.if (r){cy} else {c,},s]

Constructing and Verifying Cyber Physical Systems - Marcus Volp

[a o b](s) = [al(s) o [bI(s)

[x](s) = s(x)
[skip]l = {(s,s)}

[x =a] =

{(s,sD]s" = s [x\[a] ()]}
[co; c1]l = [ea]l @ [coll
[if (b){co} else {c1},s] =
{(s, s") € [col| [DI(s) =t} U
{(s,s) € [cr]| [DI(s) = £}
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Logic for reasoning about program safety / lifeness:

1969 C.A.R. Hoare

precondition: What holds initially? postcondition: What holds afterwards?

{P} %’ {0}
program
SKIP: 7 skip (7)
. {P}co {0Q}{Q} c1 {R}
>€q: {P} co; c1 {R}
. {PAB} ¢ {Q},{PA=B} c1 {Q}
CONd: (1757 (8) feo} else (er} (0}
assign: (PIE] x =F (7] @ if P also holds if we replace x with E, we can “ignore” the assignment and use P[x\E]
PP (P} ¢y {01} Q'=Q Soundness:
consequence: (P} co (Q} vs,s',c,P,Q.if {P}c{Q} and [c,s] = s'then P(s) = Q(s")
\—'—I

all goals close when applying hoare rules.
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Loops and Invariants () unwversiTar

Structural Operational Semantics
while(cond) { if (cond) {
stmt ‘ stmt; while (cond) { stmt }

But what if the loop never terminates (i.e., cond never becomes false)?

There is no final state s’ and we cannot ask whether the predicate Q is true on s'.

1) assume termination and show correctness under this assumption: partial correctness

2) prove termination to obtain total correctness

Operational Semantics (SOS)
[while(B){c}] - [[if (B) {c ; While(B){c}} else {Skip}]]

How to capture the behavior of while in one step?
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Loops and Invariants

Natural Semantics (Operational big step semantics):
while(cond) {

stmt

}

How to capture the behavior of while in one step?
helper function:

c;iterate while(c,n—1)(s) ifn>0

iterate while(c,n)(s) = { < otherwise

e ——————
- -
- ~~

O—O0—0—0—0—
S SII SIIII
[B,s] » true [B,s"] - false [B,s""'] — false
Sl SIII

[B,s'] - true [B,s"""] — true

[while(B)(c), s] = {mgn{s | s" = iterate while(C,n)(s), [B,s'] = false} if 3n.[B,iterate while(C,n)(s)] — false

hang otherwise
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Loops and Invariants —_—

Denotational semantics
while(cond) {

stmt

[while(B){c}] = fix(I'(¢)) where
fix(I'(¢p)) is the least fixed point of I'(¢), i.e., where ¢ = T'(¢)

[(p) = {(s,s)|[Bls = true A(s,s") € ¢ o [c]} U{(s,s)|[Bls = false}

266
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Loops and Invariants ~.. [} UNIVERSITAT

Hoare Rule and Invariants

- —_
- ~ - =~

I I I I I AN—=B

{I AB} ¢ {1}
{1} while(B){co} {IN—B}

iteration:
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Break, Continue, Except 0

Normal execution

hang

[while(B)(c}, 5] = {mnin{s | s" = iterate while(C,n)(s), [B,s'] = false} if 3n.[B,iterate while(C,n)(s)] — false

hang otherwise

Abnormal execution

» » » ﬁ o >
» » » > > > O

break ‘ “ ‘ ‘ '/ catch(cause = break)

abnormal(cause, s)

268
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Parallel Systems Verification

in a microscopic nutshell

\j
‘V(\'
N
N
\1
’
7
) 4
) 4
v

interference free: don’t write variables read by other process A:{Py, Ry}ca{Gy, 04}, G4 = Pg
= all interleavings are equivalent (in particular to seq. execution) B:{Pg,Rg}cg{Gg,05},Gg = P,
{Pa A Pg,Rs ARp }cullcg {Ga A Gp, Q4 N Qp }
rely guarantee: \ \
A: | rely on B not to do bad things. | guarantee B not to do bad things.

B: I rely on A not to do bad things. | guarantee A not to do bad things. rely guarantee
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|
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KeYmaera X Dashboard Models Proofs (@

= Agenda w = Overview

Invariant Initially Valid
vZ20AAS0AB>0FVvZ0AB>0AA>0

Use case
Fr>20AB>0AA>0=v2>210

Induction Step

Fv20AB>0AA>0= [(@a=A U a:=0U a:=(-B)); Nal

KeYmaeraX.org (+ see Email)

Induction Step
0 [

v0DAB>0AA>0

o

[

1 fa=Ava:=0uva:=(-B));
7 (@) =
x'=v,v' =al), (v20)
Iw=0AB>0AA>0)

Custom Tactic

| 1 .
, Rule Application N ImplyRight

. I \ & Seq & Choice & AndRight & < (

I _ . T - | \ ﬁss'._gn & 5_5_:1 & Test & ImplyRight & ODESolve & ImplyRight & ArithmeticT,

: [a:=0ua:=(-B) [Na) =a; x' =v.V' =a0 & (v 2 0)]v 20 : Chcuce &.Andﬂlght &<

I 1 AssTgn & Seq & Test & ImplyRight & ODESolve & ImplyRight & ArithmeticT,
I [a)¢ |2|¢ ) I'F A ! d Assign & Seq & Test & ImplyRight & ODESolve & ImplyRight & ArithmeticT
| ‘ e v ‘ (weaken) 5y - v

I [

D \| ’: )

| " | P

I HT;Q I, Run Custom Tactic

I o

D e e e e e e e e e e e e e e e e e e == b
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