1

CMSC 412 - S96  (lect 09)

Announcements

                                                                l

                                                                                                      Reading 7 (7.5-7. 9)

                                                                l

                                                                                                      Midterm #1 is March 5 in class

                                                                                                                  ˘ covers material through and including lecture 09

¯ problems at the end of the chapters

¯ synchronization problems

¯ questions about the project

                                                                                                                  ˘ Suggestions for study

                                                                l

                                                                                                      Reader-writers example from last  time

                                                                                                                  ˘ the Z semaphor e appears not to be needed

2

CMSC 412 - S96  (lect 09)

Deadlock Avoidance

                                                                l

                                                                                                      Require ad ditio nal information a bout h ow

                                                                                                      resources are to be requested - decide to

                                                                                                      approve or disapprove requests on the fly

                                                                l

                                                                                                      Assu me t hat e ach  pro ce ss l ets us know it s

                                                                                                      maxi mum resource reque st

                                                                l

                                                                                                      Safe state:

                                                                                                                  ˘ system can allocate resources to each process

(up to its maximum) in some order  and still avoid a
deadlock

                                                                                                                  ˘ A syst em is in a safe state if there exists a safe
sequence

3

CMSC 412 - S96  (lect 09)

Safe Sequence

                                                                l

                                                                                                      Sequence of processes <P

1

, .. P

n

> is a safe

                                                                                                      sequence if for each P

i

, the resources that P

i

 can

                                                                                                      request can be sat isf ied by the currently available

                                                                                                      resources plus the resources held by all P

j

, j<i

                                                                l

                                                                                                      If the necessary resources are not immediately

                                                                                                      available, P

i

 can always wait until all P

j

, j<i have

                                                                                                      completed

4

CMSC 412 - S96  (lect 09)

Banker´s Algorithm

                                                               l

                                                                                                    Each process must declare the maximum number of

                                                                                                    instances of  each resource type it may need

                                                               l

                                                                                                    Maximum cannot exceed resources available to

                                                                                                    system

                                                               l

                                                                                                    Variables:

(n is t he number of  pr ocesses, m is

                                                                                                    th e number of resource type s)

                                                                                                                 ˘ Available  - vector of length m indicating the number of
available resources of each type

                                                                                                                 ˘ Max - n by m matrix defining the maximum demand of each
process

                                                                                                                 ˘ Allocation - n by m matrix defining number of resources of
each type currently allocated to each process

                                                                                                                 ˘ Need: n by m matrix indicating r emaining resource needs of
each process

5

CMSC 412 - S96  (lect 09)

                                                                l

                                                                                                      Work is a vector of length m (resources)

                                                                l

                                                                                                      Finish is a vector of length n (processes)

                                                                1. Work = Available; Finish = false

                                                                2. Find an i  such that  Finish[i] = f alse and Need

i

 <=

                                                                                                      Work if no such i, go to 4

                                                                3. Work += Allocation

i

; Finish[i] = true; goto step 2

                                                                4. If Finish[i] = true for all i, system is in a safe state

                                                                Note this requires m x n 2 steps
all elements

in the vector

are <=

6

CMSC 412 - S96  (lect 09)

Banker´s Algorithm - Example

Alloc Max Avail Need

A B C A B C A B C A B C

                                                                                          P0 0 1 0 7 5 3 3 3 2 7 4 3

                                                                                          P1 2 0 0 3 2 2 1 2 2

                                                                                          P2 3 0 2 9 0 2 6 0 0

                                                                                          P3 2 1 1 2 2 2 0 1 1

                                                                                          P4 0 0 2 4 3 3 4 3 1

                                                                                                             Three resources: A, B, C (10, 5, 7 instances each)

                                                                                                             Consider the snapshot of the system at this time

Max - alloc

                                                                  System  is i n a safe state, since the sequence <P1, P3, P4, P2, P 0> sati sfy the

                                                                  safety criteria.

7

CMSC 412 - S96  (lect 09)

Resource Request Algorithm

                                                                (1) If Re quest

i

 <= Need

i

 then go to 3

                                                                                                                  ˘ otherwise - the process has exceeded its maximum claim

                                                                (2) If Re quest

i

 <= Availab le t hen go to 3

                                                                                                                  ˘ otherwise process must wait since resources are not

available

                                                                (3) Check request by having the system pretend

                                                                                                      th at it has allocated the r eso urces by

                                                                                                      modifying the stat e as follows:

                                                                                                                  ˘ Available =Available -  Request

i

                                                                                                                  ˘ Allocation = Allocat ion + Request

i

                                                                                                                  ˘ Need

i

= Need

i

 - Request

i

                                                                l

                                                                                                      Find out if  resu ltin g re source all oca tion  sta te

                                                                                                      is safe, ot herwise the request must wa it.

10

CMSC 412 - S96  (lect 09)

Resource Allocation Graph

                                                                l

                                                                                                      When a process P
i

 r equests an instance of

                                                                                                      resource type R
j

, a requ est edge is in serted

                                                                                                      int o t he resour ce allocation grap h

                                                                l

                                                                                                      When the r equest can be fu lfille d, the request

                                                                                                      edge is tran sformed int o an assignmen t edge

                                                                l

                                                                                                      When the p rocess is done u sing  the resource,

                                                                                                      th e assignmen t edge  is delet ed

                                                                l

                                                                                                      If the gr aph co ntai ns no cycles, no deadlock

                                                                                                      can e xist

11

CMSC 412 - S96  (lect 09)

Deadlock!

.

.

P1 P2

R1

R2

12

CMSC 412 - S96  (lect 09)

Deadlock??

R1

.

. .

P1

P2

R2

P3

13

CMSC 412 - S96  (lect 09)

No!!

P2

P3

    P3 could finish with

    its i nstance of R1, release

    the instance, then P2

    would cl aim that

    instance of R1

.

. .

P1

R2

R1

14

CMSC 412 - S96  (lect 09)

.

. .

P1

R2

R1

             Then,  P2 could

             finish with its instances

             of R1 and R2 and

             release these resources.

             P1 then gets what it want s

P3

 P2

15

CMSC 412 - S96  (lect 09)

Detecting Deadlock

                                                                l

                                                                                                      Work is a vector of length m (resources)

                                                                l

                                                                                                      Finish is a vector of length n (processes)

                                                                l

                                                                                                      Allocation is an n x m matrix indicating the number of

                                                                                                      each resource type held by each process

                                                                l

                                                                                                      Request is an m x n matrix indicating the number of

                                                                                                      additional resources requested by each process

                                                                1. Work = Available;

                                                                                                      if Allocation[i] != 0 Finish = f alse else Finish = true;

                                                                2. Find an i  such that  Finish[i] = f alse and Request

i

 <=

                                                                                                      Work if no such i, go to 4

                                                                3. Work += Allocation

; Finish[i] = true; goto step 2

                                                                4. If Finish[i] = false for some i, system is in deadlock

                                                                Note: this requires m x n 2 steps

16

CMSC 412 - S96  (lect 09)

Recovery from deadlock

                                                                l

                                                                                                      Must f ree up resources by some means

                                                                l

                                                                                                      Process termination

                                                                                                                  ˘ kill all deadlocked processes

                                                                                                                  ˘ select one process and kill it

¯ must re-run deadlock detection algorithm again to see if
it is freed.

                                                                l

                                                                                                      Resource Preempt ion

                                                                                                                  ˘ select a process, resour ce and de-allocate it

                                                                                                                  ˘ rollback the process

¯ needs to be reset the process to a safe state

¯ this requires additional state

                                                                                                                  ˘ starvation

¯ what pr events a process from never finishing?