;.

;.

;.

Events, Co-routines,
Continuations and Threads
OS (and application)
Execution Models
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Sequential
program

func()

v

func ()

: * Single flow of control

* Exclusive access to global
state

return
——

* Execution state is maintained
¥ by the language runtime

—local variables
—stack
— control-flow constructs

THF UNIVERSITY OF
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System Building

* General purpose systems need to deal with
— Many activities
« potentially overlapping
- may be interdependent
— Activities that depend on external phenomena
* may require waiting for completion (e.g. disk read)
« reacting to external triggers (e.g. interrupts)
* Need a systematic approach to system structuring
« concurrency and synchronisation
« scheduling
* shared data
THE UNIVERSITY OF
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;.

Threads, Events,
Continuations

* In the OS course you learned about threads
and synchronisation

* Today:
— Alternative execution models
— More about threads

THF UNIVERSITY OF
NFW SOUTH WAl FS © Kevin Elphinstone.

Events

* External entities generate (post) events.
— keyboard presses, mouse clicks, system calls

* Event loop waits for events and calls an
appropriate event handler.
— common paradigm for GUIs

* Event handler is a function that runs until
completion and returns to the event loop.

THF UNIVERSITY OF
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cse
Memory « The event model only
requires a single stack
CPU 7 — All event handlers must return to
// Loop the event loop
Event « No blocking
| sp | Handler 1 « No yielding
REGS Event A
Handler 2 « No preemption of handlers

;.

— Handlers generally short lived

No concurrency issues within a
handler

Event
Handler 3 .
Data |
 stack |

THF UNIVERSITY OF
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Stack ripping

example (argl, arg2) { example (argl, arg2) {

int x; int x

Pl(argl, arg2);

if (need_to_block) {
save_args_and_locals() ;

Pl (argl, arg2);
if (need_to_block) {
perform io();

P2 (arg2) ; start_io();
} else { return;
P3(); } else {
} P3();

} }
}
io_complete() {
recover_args_and locals();
P2 (recovered arg2) ;
thread syscall_return (SUCCESS) ;
}

THF UNIVERSITY OF
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Stack ripping

* No language support for maintaining control
flow across event handlers:

— No stack:

* what happens if a blocking operation
occurs in a library function?

— No local variables
— No control flow constructs

* what if a blocking operation occurs
inside a loop?

8
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Event-based
design guidelines

* Events can be simpler and more efficient than
threads.
* Use with caution:

— Usually inappropriate for deep software
stacks.

— Refactoring is hard.

* Design control flow structure and
communication protocols in advance

9
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Event-based kernel on
CPU with protection

Kernel-only Memory User Memory

CPU

Event
Loop UsSFT—— |
Event Code
Handler 1
Event
Handler 2 User

— |
[ _sp |
/ REGS

L

Data

Event

Handler 3 * How to support

multiple

i P processes?
Stack

Stack

e

Event-based kernel on
CPU with protection

Kernel-only Memory User Memory CPU
PC
— T
Dispatcher. User /
Event Cod#]
Handler 1 |
— User-level state in
Event | PCB PCB
Handler 2 A Uzer
Event Data Kernel starts on
Handler 3 | PCB fresh stack on each
E trap
R PCB Z No interrupts, no
c Stack blocking in kernel
Stack mode
1
THE UNIVERSITY OF
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Co-routines

« A subroutine with extra entry and exit points
« Via yield()

— supports long running subroutines

— subtle variations (yieldto, asymmetric and symmetric)
« Also called Fibers

12
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; .
. . - Yield
Routine A Routine B ! €
:
1
v !
yield(a,b) _—
i
H
.
H
.
1 yield{b,a)
— 1
:
H
.
:
H
H
.
v :
yiell(a,h) —_— :
:
H
.
:
H
.
:
H
:
ﬁ sy or 13
e

Co-routine example

var q := new queue
coroutine produce
loop

while g is not full
create some new items
add the items to g
yield to consume

coroutine consume
loop
while g is not empty
remove some items from g
use the items
yield to produce

Derived fron http://en wikipedia.org/wiki/Coroutine
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Co-routines

Memory * yield() saves state of routine
A and starts routine B

= A — orresumes B’s state from its
| routine previous yield() point.
* No preemption
* No concurrency issues/races

as globals are exclusive
between yields()

Implementation strategy?

M

15
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Co-routines

Memory * Usually implemented with a
stack per routine

* Preserves current state of

execution of the routine

ﬁ THE UNIVERSITY OF 16
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Co-routines
Memory * Routine A state currently
loaded
Ls * Routine B state stored on
L stack
T « Routine switch from A — B
— saving state of A
regs, sp, pc
— restoring the state of B
regs, sp, pc
Stacko| stack
A B
17
THE UNIVERSITY OF
)
cse
A hypothetical yield()
yield:
/*
* a0 contains a pointer to the previous routine’s struct.
* al contains a pointer to the new routine’s struct.
*
* The registers get saved on the stack, namely:
*
* s0-s8
* gp, ra
*
*
*/
/* Rllocate stack space for saving 11 registers. 11*4 = 44 */
addi sp, sp, -44
18

;.

THF UNIVERSITY OF
NFW SOUTH WAl FS



/* save the registers */
sw  ra, 40(sp)
sw  gp, 36(sp)
sw  s8, 32(sp)
sw  s7, 28(sp)
sw  s6, 24(sp)
sw  s5, 20(sp)
sw  s4, 16(sp)

sw  s3, 12(sp)
sw  s2, 8(sp)
sw  sl, 4(sp)
sw S0, 0(sp)

/* Store the old stack pointer in the old pcb */
sw  sp, 0(a0)

cse
/* Get the new stack pointer from the new pcb */
1w sp, 0(al)
nop /* delay slot for load */
/* Now, restore the registers */
1w s0, 0(sp)
1w s1, 4(sp)
1w s2, 8(sp)
1w s3, 12(sp)
1w s4, 16(sp)
1w s5, 20(sp)
1w s6, 24(sp)
1w s7, 28(sp)
1w s8, 32(sp)
1w gp, 36(sp)
1w ra, 40(sp)
nop /* delay slot for load */
/* and return. */
j ra
addi sp, sp, 44 /* in delay slot */
.end mips_switch
cse
Coroutines
* What about subroutines combined with
coroutines
—i.e. what is the issue with calling
subroutines?
* Subroutine calling might involve an implicit
yield()
— potentially creates a race on globals
« either understand where all yields lie, or
» cooperative multithreading
21

;.
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Cooperative
Multithreading

 Also called green threads
» Conservative assumes a multithreading model
—i.e. uses synchronisation to avoid races,

—and makes no assumption about subroutine
behaviour
« it can potentially yield()

ﬁ THE UNIVERSITY OF 22
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Memory + Thread attributes
— processor related
* memory
[’Code - program counter
- stack pointer
. - registers (and status)
— OS/package related
- state (running/blocked)
* identity
- scheduler (queues, priority)
- efc...
ﬁ THE UNIVERSITY OF 23
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cse
Memory * To support more than a
single thread we need
CPU
s to store thread state
Code .
and attributes
[ sp_] .
REGS o * Stored in thread control
block
M — also indirectly in stack
TCB
A
24

;.
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Thread A and Thread B

Memory * Thread A state currently
loaded

CPU - Thread B state stored in TCB

B
¢ Thread switch from A — B

&

e

¥

b
| sp_|
— saving state of thread a
— - regs, sp, pc
— restoring the state of thread B
© regs, sp, pc

* Note: registers and PC can
be stored on the stack, and
only SP stored in TCB

;.

25
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mi_switch()
{
struct thread *cur, *next;
next = scheduler ();
/* update curthread */
cur = curt] ad;
curthread = next;
/*
* call the machine-dependent code that actually does the
* context switch.
*/
md_switch(scur->t_pcb, &next->t_pcb);
/* back running in same thread */
}
26
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0S/161 IlIipS switch
mips_switch:
/*
* a0 contains a pointer to the old thread's struct pcb.
* al contains a pointer to the new thread's struct pcb.
*
* The only thing we touch in the pcb is the first word, which
* we save the stack pointer in. The other registers get saved
* on the stack, namely:
*
* 50-s8
* gp, ra
*
* The order must match arch/mips/include/switchframe.h.
*/
/* Allocate stack space for saving 11 registers. 11%4 = 44 */
addi sp, sp, -44
27
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0S/161 mips_switch
/* save the registers */
sw  ra, 40(sp)
sw  gp, 36(sp)
sw 8, 32(sp)
sw  s7, 28(sp)
sw  s6, 24(sp)
sw  s5, 20(sp)
sw  s4, 16(sp)
sw 3, 12(sp)
sw  s2, 8(sp)
sw  sl, 4(sp)
sw S0, 0(sp)
/* store the old stack pointer in the old pcb */
sw  sp, 0(a0)
ﬁ THE UNIVERSITY OF 28
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0S/161 mips_switch

/* Get the new stack pointer from the new pcb */
1w sp, 0(al)
nop /* delay slot for load */

/* Now, restore the registers */

v s0, 0(sp)
v s1, 4(sp)

v s2, 8(sp)

1w s3, 12(sp)
1w s4, 16(sp)
1w s5, 20(sp)
1w s6, 24(sp)
1w s7, 28(sp)
1w s8, 32(sp)
1w gp, 36(sp)
1w ra, 40(sp)

nop  /* delay slot for load */

/* and return. */

5 ra

2ddi  sp, sp, 44/* in delay slot */
.end mips_switch

29
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Thread
Switch

Thread a Thread b

mips)switch(a,b)

<+ mips_switch(b,a)

mipsiswitch(a,b) ~—————*

30
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