
Repeated Computation of a Global Function 1Goals of the lectureRepeated Computation of a Global Function� Deadlock Detection� Clock Synchronization� Distributed Branch and Bound Search� Distributed DebuggingcVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 2Desirable Characteristics� Light Load- not more than k messages/time step� High Concurrency- logk N time steps� Symmetry (Equitable Workload)- load balancing- fairnesscVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 3Some Possible Approaches� Centralized f fffff f f f���	?@@@R-���� 6 @@@I�� Ring-based fffff f ff���:���� XXXz CCCW�������9XXXyCCCO� Hierarchical h hhh hhhAAK��� ���@@I AAK������ @@@��� AAA��� AAAAll links are logical connectionscVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 4Message Flow TableStatic Hierarchy- Number of nodes (processe) = 7time step Messages1 1; 3! 2 5; 7! 62 1; 3! 2 5; 7! 6 2; 6! 43 1; 3! 2 5; 7! 6 2; 6! 4
���� ������������ ��������

����AAAK���� ����@@@I AAAK��������� @@@@@������ AAAAAA������ AAAAAA 42 631 75cVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 5Overlapping Tress
������ ������ ������ ������

@@@@@@ @@@@@@������ @@@@@@
@@@@@@���� @@@@

@@@@@@���� @@@@������ 7
@@@@@@���� @@@@63 27 1 4 54 5 2 62 6 1 31 3 5cVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 6Message Flow Table� Revolving Hierarchy- number of nodes = 7time step Messages idle1 2 1; 3 6 5; 7 42 4 2; 6 5 1; 3 73 7 4; 5 1 2; 6 34 3 7; 1 2 4; 5 6� Reorganization of Hierarchy� Reuse of messages 0BB@ 1 2 3 4 5 6 75 1 7 2 6 3 4 1CCAcVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 7Requirements for Desired Permutation� Gather tree constraints- interior nodes of Ti = subtree of Ti+1� Fairness constraints- No cycle of size less than N .
���� ������������ ��������

����42 613 57cVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 8Interesting but ..
� Does there always exist such a permutation ?� Is there a systematic method to �nd it ?� Is there an e�cient implementation for it ?

cVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 9Method to Generate the Permutation
32 5 764 9 1110 13 1514128
1 ����������� ���@@@ @@@�� �� �� ��@@ @@ @@ @@HHHHHHHHnext(x) :[ even(x) ! x0 := x=2; (* gather tree constraint *)2 odd(x) ^ (x < 2n�1)! x0 := x + 2n�1; (*fairness constraint *)2 odd(x) ^ (x > 2n�1)! [ x = N ! x0 := (N � 1)=2;2 x 6= N ! y := x� 2n�1 + 2x0 := y � 2dlog 2ny �1e]]cVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 10Implementation 1Q: Who should I send message to at time t ?msg(x; t) = next�t(parent(nextt(x))); if nextt(x) is odd= nil; otherwisex is in-order labelnext is the new position functionparent is the parent function for in-order labelingparent of x = x with last two bits changed to 10cVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 11Implemetation 2
32 5 764 9 1110 13 1514128
1 ����������� ���@@@ @@@�� �� �� ��@@ @@ @@ @@HHHHHHHH1213 214 3 6 90 4 7 10 1 5 8 11msg(x; t) = new parent(x + t)� t; if (x+ t) is a leaf-node= nil; otherwise- Just need to store new parent arraycVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 12Communication Required� Communication distance set (CDS)= fnew parent(j)� j j j a leaf node g� process x will send a message to process y i� y�x 2 CDS.- for N = 15 CDS = f1; 5; 8; 10; 13; 14g:� CDS depends on the next function.cVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 13Data Gathering and Broadcasting� a process can send/receive only one message per time step� require that the same set of messages is used for data gath-ering and broadcasting.� Constraints :1. fairness contraints- equal load2. gather tree constraints.- G(t) available at t + logN time step at one node.3. broadcast constraints.- G(t) available at t + 2 logN time step at all nodes.cVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 14Message Flow Tabletime step Messages0 0! 7 4! 6 1! 3 2! 51 7! 6 3! 5 0! 2 1! 42 6! 5 2! 4 7! 1 0! 33 5! 4 1! 3 6! 0 7! 24 4! 3 0! 2 5! 7 6! 1� fairness in workload� four times less messages than static hierarchycVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 15Method to Generate the Permutationbcnext(x) ::[ b0 = 1! x0 := RS0(x)(* gather tree *)2 (b0 = 0) ^ (b1 = 0)! x0 := RS1(x)(* broadcast *)2 (b0 = 0) ^ (b1 = 1)! x0 := LSa1 ��LSb0(x) + 2� mod 2n�1� ;(* fairness *)]bn�1 � � � b0 = xRSp = Right shift with p as m.s.bLSp = Left shift with p as l.s.b.a = number of leading zerosb = number of leading onescVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 16Algorithm to �nd Current Minimum in the Network� Distributed branch and bound� Distributed simulation� process x : step = 0�[ dest msg(x; step) 6= nil! send msg(dest msg(x; step);mymin)step := step+ 1src msg(x; step) 6= nil! recv msg(src msg(x; step); hismin)recompute myminstep := step+ 1]cVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 17Performance of the Algorithm� at most k messages handled by a node/time step� the global function G(t) is available at t+ dlogNe time steps.� a throughput of one global function per times step.� number of messages required � half of that for static hierarcy.� equal workload distributioncVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 18Extensions� General N- use virtual nodes� General k- methods to generate permutations for binary trees generalize to k-arytrees.� asynchronous messages- can be used instead od synchronous messages. Nodes synchronizeddue to \receives".cVijay K. Garg Distributed Systems Fall 94



Repeated Computation of a Global Function 19Conclusions� Useful for algorithms that- use hierarchical control- run for long time� main advantages- equal workload distribution.- reduction in number of messages due to their reuse� main disadvantages- requires that the communication network has more edges than statichierarchy.cVijay K. Garg Distributed Systems Fall 94


