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The Design of Optimal Systolic Arrays
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Multiprocessing of
Combinatorial Search Problems

Benjamin W. Wah, Guo-jie Li, and Chee Fen Yu
Purdue University

ultiprocessing refers to the con-  algorithm. This must be done within

current execution of processes the architectural constraints, and it in-
{or programs) in a computer hardware  volves trade-offs in computation time,
complex with more than one indepen- memory space, and communications
dent processing unit.! Conventional- reguirements.

IEEE TRANSACTIONS ON SOFTWARE ENGINEERING, VOL. 16, NO. 1, JANUARY 1990 13

Computational Efficiency of Parallel Combinatorial
OR-Tree Searches

GUO JIE L1 anp BENJAMIN W. WAII, sEMIOR MEMBER, IEEE

Absiract—The performance of parallel combinatorial OR-tree
searches (or OR-tree searches in short) is analvtically evaluated in this

paper. This performance depends on the complexity of the problem to
be solved, the error allowance function, the dominance relation, and

the search strategies. The exact performance may be difficult to predict
due to the nondeterminism and anomalies of parallelism. We derive

salesman, job-shop scheduling, packing a knapsack, ver-
tex cover, and integer programming, belong to this class.

Approximations and parallel processing arc two major
approaches to enhance the efficiency of combinatorial OR-
tree searches. Owing to the exponential nature of many
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TABLE I11
Conpimions 0 COPE WITH ANOMALIES IN PARALLEL OR-TREE SEARCHES

Suff. cond. to elim. | Nec. cond, to allow
Allow, |Dom.| Search || detrimental anom. | acceleration anom.

function| rel. |stratepy] (1 vs. k) |(ky vs. kp) |(1 vs. k) [(k; vs. k;)

bis Cor. 4.1 Cor. 4.3
D=1 | dfs |Eg's26, 27| Cor. 42 Cor. 4.4
Th. 4.4
=l brfs Th. 4.5 Eq. 4.6
D=l | all Th. 4.1 anom. exist

bfs |Eq's 2.6, 2.7] Cor. 45 |Eq. 4.11| Cor 4.5
D=1 dfs Th. 4.3 Cor. 4.6 |Eq. 4.14| Cor. 4.6
brfs Th. 3.5 Cor, 4.7 |Cor. 4.7 Cor. 4.7

e bfs Th. 4.2
D=l | dfs Th. 4.3 anom, exist exist
brfs Th. 4.3
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Understandable: The goal should be simple to state. A
sentence, or at most a paragraph should suffice to
explain the goal to intelligent people.

Challenging: It should not be obvious how to achieve the
goal

Useful: If the goal is achieved, the resulting system
should be clearly useful to many people

Testable: Solutions to the goal should have a simple test
so that one can measure progress and one can tell when
the goal is achieved.

Incremental: It is very desirable that the goal has
Intermediate milestones so that progress can be
measured along the way.

—Jim Gray
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Invent a new field & stick to i1t?

5] & David Patterson 2002444

{How to Have a Bad Career
in Research/Academia)

No! Do “Real Stuff”: solve
problem that someone cares
about

No! Use separate, short projects

Strive for multi-disciplinary,
multiple investigator projects

Match the strengths and
weaknesses of local
environment

Make sure you are excited
enough to work on it for 3-5
years



Berkeley's Research Goals

$Have Impact, not just count Journal Papers
& Some universities have bad benchmarks

& Recently realized that when goal is not impact, you
rarely have impact (=R B 47&A ®h 7, 1RABRAEHME
A RR) . N, ToFNL.

®Produce Great Students, not # Journal Papers

#Try to create projects that if | were a student, | would
almost kill myself to try to join

#Not all projects equally successful in research
impact, but all can produce great students (3R B £#F

RARIRT LI HF K I#h, (AR E F T IAEHRE 68
I‘"ll’
FE )

—35| f David Patterson 20025F# %
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Let Complexity Be Your Guide?

®No! Keep things simple
unless a very good reason
not to

» Fast changing field + delays
=> |ess impressive results

Use the Computer Scientific Method?

® No! Run experiments to
discover real problems

® Use intuition to ask questions,
not to answer them

—5| B David Patterson 20025F3k4
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