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Modern computer systems

The tar pit of software engineering will continue to be
sticky for a long time to come. One can expect the
human race to continue attempting systems just within
or just beyond our reach; and software systems are
perhaps the most intricate of man’s handiworks. This
complex craft will demand our continual development of
the discipline, our learning to compose in larger units, our
best use of new tools, our best adaptation of proven
engineering management methods, liberal application of
com- mon sense, and a God-given humility to recognize
our fallibility and limitations.

Frederick Brooks, ”The Mythical Man-Month”

Marcin Cópik GPU-accelerated stochastic simulator engine for PRISM model checker.



Model checking
Methods of model checking

GPGPU
Technical aspects

Bibliography

Computer system failures
Automatic verification
Model checking

Modern computer systems

What we need to guarantee?

corectness, safety, reliability
performance, resource usage(battery life!)
security, privacy, anonymity
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Marcin Cópik GPU-accelerated stochastic simulator engine for PRISM model checker.



Model checking
Methods of model checking

GPGPU
Technical aspects

Bibliography

Computer system failures
Automatic verification
Model checking

Modern computer systems

What we need to guarantee?

corectness, safety, reliability
performance, resource usage(battery life!)
security, privacy, anonymity
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Automatic verification

Formal verification: the application of rigorous,
mathematics-based techniques to establish the correctness of
computerised systems
Automatic verification: formal verification without human
intervention

Marcin Cópik GPU-accelerated stochastic simulator engine for PRISM model checker.



Model checking
Methods of model checking

GPGPU
Technical aspects

Bibliography

Computer system failures
Automatic verification
Model checking

Automatic verification

Formal verification: the application of rigorous,
mathematics-based techniques to establish the correctness of
computerised systems
Automatic verification: formal verification without human
intervention

Marcin Cópik GPU-accelerated stochastic simulator engine for PRISM model checker.



Model checking
Methods of model checking

GPGPU
Technical aspects

Bibliography

Computer system failures
Automatic verification
Model checking

Automatic verification

Formal methods should be part of the education of every
computer scientist and software engineer, just as the
appropriate branch of applied maths is a necessary part of
the education of all other engineers.

Report of an investigation by the FAA and NASA about the use of
formal methods
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Qualitive vs quantitive

Qualitive properties:
is it possible for system to stay infinitely often in error state?
every request will eventually be granted - no matter when!
if a message is sent, will it be delivered within 10 steps?

Quantitive properties:
how reliable is the system?
how efficient is my phone’s power management policy?
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Probabilistic model checking

Why probability?
modelling uncertainty and performance - eg. rate of failures
probability equal to 0/1 -¿ express qualitive properties

Some systems are inherently probabilistic
randomised back-off schemes: 802.3 CSMA/CD, 802.11
random choice of waiting time: Firewire(root contention)
random choice over a set of possible addresses: IPv4 Zeroconf
dynamic addressing
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developed mainly at Oxford University
supports many different probabilistic models
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Property languages

Temporal logic: formal language for specifying and reasoning
about how the behaviour of a system changes over time
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PCTL

P < 0.05 [F err
total > 0.1]

“with probability at most 0.05, more than 10 percent of the
NAND gate outputs are erroneous?”
P >= 0.8 [F <= k replyCount = n]
“the probability that the sender has received n
acknowledgements within k clock-ticks is at least 0.8”
P < 0.4 [!failA U failB]
“the probability that component B fails before component A
is less than 0.4”
P >= 1 [F (P > 0.99 [G <= 100 oper ])]
”the system almost surely reaches a state from which it has a
greater than 0.99 chance of staying operational for 100 time
units”
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Stochastic model checking

Monte-Carlo experiment
compute number of paths through model
generate random simulation paths
approximate PCTL results
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Device model
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Differences with CUDA

Marcin Cópik GPU-accelerated stochastic simulator engine for PRISM model checker.



Model checking
Methods of model checking

GPGPU
Technical aspects

Bibliography

OpenCL

Work-group and work-items
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PRISM language

dtmc

module die

// local state
s : [0..7] init 0;
// value of the die
d : [0..6] init 0;

[] s=0 -> 0.5 : (s’=1) + 0.5 : (s’=2);
[] s=1 -> 0.5 : (s’=3) + 0.5 : (s’=4);
[] s=2 -> 0.5 : (s’=5) + 0.5 : (s’=6);
[] s=3 -> 0.5 : (s’=1) + 0.5 : (s’=7) & (d’=1);
[] s=4 -> 0.5 : (s’=7) & (d’=2) + 0.5 : (s’=7) & (d’=3);
[] s=5 -> 0.5 : (s’=7) & (d’=4) + 0.5 : (s’=7) & (d’=5);
[] s=6 -> 0.5 : (s’=2) + 0.5 : (s’=7) & (d’=6);
[] s=7 -> (s’=7);

endmodule
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ctmc
const int q_max = 20;
const double rate_arrive = 1/0.72;

module SQ

q : [0..q_max] init 0;
// A request arrives
[request] true -> rate_arrive : (q’=min(q+1,q_max));
// A request is served
[serve] q>1 -> (q’=q-1);
// Last request is served
[serve_last] q=1 -> (q’=q-1);

endmodule
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// Rate of service (average service time = 0.008s)
const double rate_serve = 1/0.008;
module SP

// Power state of SP: 0=sleep, 1=idle, 2=busy
sp : [0..2] init 1;
// Synchronise with service queue (SQ):
[request] sp=1 -> (sp’=2);
[request] sp!=1 -> (sp’=sp);

// Serve a request from the queue
[serve] sp=2 -> rate_serve : (sp’=2);
[serve_last] sp=2 -> rate_serve : (sp’=1);
endmodule
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