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VAMQOS configuration: gd

C d

VAMOS™ — VAMOS" gd

~N

cup : PID

rdy : list (list ;)

wkp : list,,

Inactive : list oID

current_max_prio : PRIO

currently running process

array of ready lists

list of PIDs, waiting for IPC

..., hot yet activated

current maximum priority,
PRIO={0, ..., MAX PRIO -1}
PID={0, ..., PID_MAX -1}



" J
VAMOS configuration: PrcsConf

PrcsConf
4 )
pid : PID process ID
pri: PRIO priority (higher is better)
state : nat current status={READY, INACTIVE ...}
tsl : nat amount of CPU clock ticks to use
ctsl : nat already consumed timeslice




VAMOS Scheduler
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" A
vamosData

W global )
¢ VA/V/OSJ computation C vamos

S W concrete S
VAMOSJ computation VAMOS

o VamosData( S, y0s » Qyamos ) | ‘

> VamosData( S’ u0s » @'\ unos )




W
vamosData

m Disjointness of lists of VAMOS
Vi e PID.
(@ un0s-9a.P(l).state = INACTIVE <> I € d,,,0s-9d.1nactive)
(Cn0s-90.P(l).state = READY < 1 € (4 4,05-90.ray [P(1).pri]) A
(A 05 -90.P(1).state = INACTIVE A Q) ,0s-90.P(1).state = READY
<> I € Qyayos-90.Wkp)

m Current process Is always ready
d,os-90d.P(cup).state = READY



W
vamosData

m Always exist at least one ready process (IDLE)

Qvumos-9a.ray [0] = []

m Length of ReadyListsArray
length(a, ,,0s-9d.rdy ) = MAX_PRIO

m Priority is in correct range

ViePID. d0s.90.P0).pri < MAX PRIO
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vamosData

m  Current Maximum Priority (CMP) Is Iin correct range

a,.os-9a.current _max_ prio < MAX_PRIO

m Ready List indexed by CMP is not empty

A nos-9a.rdy [ 4, ,,0s-90 .current _max_prio ] + []

m Current maximum priority is correct

cmp _correct (005 ) =
Max {i| [ <MAX PRIO Ad  0s-90.ray [T ] # [] }
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S
Specification: search next process

Signature: search_next_process : D, 1,0s = Dyos

Assumptions:

VamosData( S, 11,05 s Qyanos ) A CMp _correct (A 0s )

Let
d'\ s = Search_next_process a,,.,0s

Result:

cmp _correct (d' 4,05 ) AVamosData(S' 11,05 » Q' anos ) N
' os-9a - cup’ = a, 41,05 -90.19y[0, 11,05 -ga-current_max_prio[0]]



Specification: compute _max_prio

Signature: compute_max_prio : D, s — Nat
Assumptions: VamosData( S, 05 » Qvanos)
Let

res = compute_max_prio (d, 05 )

Result:

res = Max {i| 7 <MAX PRIO Ad  ,ps.90.rdy [i] =[] }
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Specification: wake up

case P(p).pri < current _max _prio

2

ad,0s-90-current_max_prio = I

wep [ (P L (RN, (P

pri=1

o
g e
N
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Specification: wake up

case P(p).pri < current_max_prio

2
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Specification: wake up

case P(p).pri < current_max_prio

2

1 (p, | [pid) InsertTail

prio=1
state=READY
0 L
@ d,,.0s-90.-current_max_prio = 1




Specification: wake up

case P(p).pri > current _max _prio

cup
> change
ori0=2 current_max_ prio,
state=READY

call
search_next_process

ad | uos-90 -current_max_prio =2
a gd .cup = pid

VAMOS*

wkp

#Be
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Specification: wake up

Signature:

Let

Assumptions:

Let

wake _Uup > D05 < PID — D10
d'I/A/l/IOS — Wake_ up dl/A/I//OS p/d

pId € Gyyyos-90 WKD A
VamosData( S, 05 » Qyamos) N
cmp _correct (a,,.,0s )

pIa_pri = Gyayes -9a.P(pid).pri
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Specification: wake up

Result:  a',05.00" WKD' = A 41,05 .90 Whkip \ {pid}
VAN
0 \vamos-90°.1ay’ = @y yos-9d.ray [
pid_pri: = (Qyayos-gad.ray [ pid pri]) @(pid) ]

VAN

d'\ aos-90" P’ (pid).state’ = READY

AN

(G105 -90 .current_max_prio < pid_pri —
ad'\vos-9d -current_max_prio’ = pid_pri n
dupos-9d.cup’= pid )

VAN

VamosData(S' 11,05 » '\ anos ) A cmp _correct (d° 105 )



S
Specification: process get mypid

Signature: process _get _mypid : D, 05 —> PID

Assumptions:

VamosData( S, 05 » O uos) A CMpP _correct (A, 05 )

Result:

process_get mypid ( Gy uos ) = Ayamos-9d-cup



Specification: process_switch to

PZ
pid

ctsl
tsl

wi




Specification: process_switch to

—
pid

H
- | &
P O

donated timeslice

ctsl

donate timeslice tsl




Specification: process_switch to

E—
pid

donated timeslice

ctsl

Delete, then InsertTall tsl




Specification: process_switch to

P 2

[ e, ) T
cup prd

1 = | I

iy

donated timeslice
ctsl

change cup !




S
Specification: process switch to

Signature: process_switch _to : D, s X PID = D,,1,0s

Assumptions:

VamosData(S, 1,05 » Qyanos ) A Cmp_correct(@, .05 )

Let

d'\vos = process_switch _to a0 pIa,
pid is valid = (pid = 0 A pid < PID MAX),
pid_is_ready = (0,05 -P(pld).state = READY),
precond = pid is valid A pid Is _ready



" S
Specification: process switch to

Abbreviations:

CUP = Qyanos -99.cup,

CUP’ =d'\0s-94" - CUD,
cup_pid = da,,,s-90.P(CUP).pia,
pid_ctsl =da,,,,s-90.P(pid).ctsl,
pid _ctsl' =d',,,,0s-90".P" (pid).ctsl,
cup_tsl = a pns-90.P(CUP).LsI,
cup_ctsl = a,ns-9d.P(CUP).cts/



S
Specification: process switch to

Result(1): precond ~ (pid # CUP) —
CUP’ = pid A ' y0s.9d"P" (CUP).CtSI" = 0
VAN

d\upos-ga-ray’ [
cup_pid = (Quyos-9d.ray \ {CUP}) @ [CUP] ]
VAN
(pid _ctsl < (cup tsl —cup ctsl) — pid ctsl'=0)
AN
(—(prd ctsl < (cup _ts/ —cup ctsl) ) —
pid ctsl'= pid _ctsl — (cup _tsl — cup ctsl))

AN

(VamosData (S' 105 » Q' anos ) A cmp_correct(d’ 1,05 )



S
Specification: process switch to

Result(2):
precond A (Pid = Cyupos -Ayamos -99-cUp) = &'y pyos = Ayayos

Error Result:

precond — d',110s = A anos



=
Specification: prcs _ch _sch p
Signature:

pres ch_sch p : D, 0s % pid x pri xtsl — D,,1,5s

Assumptions:

VamosData( S, 1,05 » Qanos ) A €Mp _correct (4, .05 )
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Specification: prcs _ch _sch p

Let

'\ ivos = prcs_ch_sch p a0 prad  pri sl
pid Is valld = (o +0 A pid < PID MAX),
pid_is_inactive = (4,05 -94d.P(pld).state = INACTIVE),
pid_is ready = (0 ,0s-90.P(pld).state = READY),
pri_Is_valid = pri < MAX PRIO,

pid ts/ = 0\ 105 -90.P(pld). tsl,

pid_pri = Qyay0s-99-P(pid).pri



" J
Specification: prcs _ch _sch p

Let
precond = pid _Is valid ~ pid Is inactive ~ pri Is _valid

ray’ = Ayupos-9a.-rayf
pia_pri := dl/A/l//O.S‘ gd.radyfpid_pri] \ {pid},
pri = Qyamos-9d.ray [pri ] @ [pid]
/

Error Result:

precond — d' 1,05 = A uuos
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Specification: prcs _ch _sch p

Result:
precond — (VamosData (S’ 1105 » A'\vanos ) A cmp_correct(@’ 105 ) A
ad'\ivos-90 . P(pld).tsl’ = ts/
A\
ad'\uvos-9a" .P(pid).pri" = pid _ pri
N\
(pid _Is _ready ~ pri = pid pri —
d\amos-9a-ray’ = ray’
A\
d'\0s-9d" - current_max _prio’ =
Max {i| 7 <MAX PRIO rady'[i] =[] })
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=
Proof Sketch: wake up

int wake up(pib_p p)

{
pib_p dummy;
int dummy_int;

wakeup_list =
dlist_pib_t queue Delete(wakeup list,p);

ready_lists[p->priority] =
queue_InsertTail(ready_lists[p->priority],p);
p->state = VAMOS_PROCESS_READY;

iIT (p->priority > current_max_prio)

{
current_max_prio = p->priority;
dummy_@nt = search_next process();

}

return O;

}




=
Proof Sketch: wake up

cI/AMO.S]

[Pre(wake_u p)

A
[Pre Do) adlList M{akeup st | J
p € dList wakeup list
/

a )
Post(Delete) dList wakeup list\ {p}
. /
A
a )
Pre(InsertTail) dList ready lists
. /
A
4 N
Post(InsertTail)  dList ready list @[p]
. J

int wake up(pib_p p)

{
pib_p dummy;
int dummy_int;

wakeup_list =
dlist_pib_t queue Delete(wakeup list,p);

ready_lists[p->priority] =
queue_InsertTail(ready_lists[p->priority],p);
p->state = VAMOS_PROCESS_READY;

iIT (p->priority > current_max_prio)

{
current_max_prio = p->priority;
dummy_int = search_next process();
+
return O;

}
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Proof Sketch: wake up

[Pre(wake_u p) cVAMOSJ
A
[Pre (Delete) adlList Wakeup_ list | J
p e dList wakeup list
i
- ™
Post(Delete) dList wakeup_ list\ {p}
o J
A
(~ )
Pre(InsertTail) dList ready lists
(& J
y
4 )
Post(InsertTail)  dL/st ready list @[p]
(& J

int wake up(pib_p p)

{
pib_p dummy;
int dummy_int;

wakeup_list =
dlist_pib_t queue Delete(wakeup list,p);

ready_lists[p->priority] =
queue_InsertTail(ready_lists[p->priority],p);
p->state = VAMOS_PROCESS_READY;

if (p->priority > current_max_prio)
{

current_max_prio = p->priority;
dummy_int = search_next_process();

}

return O;

}
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=
Invariants: Safety properties

m Proceses from wakeup_list are not scheduled

m After call of search_next _process current
process has priority current_max_prio

m If process | has priority less than current_max_prio
It can only be scheduled if switch_to(i) is invoked
(not by handler_clock)



=
Invariants: Safety properties

m If during execution of process i there was no call

of wake_up of process with priority higher than
current_max_prio, then process | consumes Its
whole timeslice (it will not be interrupted)

m If there is only one process with priority
current_max_prio, then it will run until
call of switch_to() or
call of process_Kkill performing suicide or
wake up of process with higher priority.
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Invariants: Liveness properties

m Processes with current_max_prio share CPU
time with respect to their timeslices
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Summary

Function call Specification | Implementation | Verification
InsertTail + + +
Rotate + + +
search _next _process + + +
compute _max_prio + + +
wake_up + + ;
process _get mypid + + +
process _switch to + + -
prcs _ch_sch _param + + -
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Thank you.

Questions?



