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Design Manager’s Assistant

Objective:

Find a design which satisfies some (possibly
multi-valued) goal in an optimal manner

Input: Design specifications
Constraints

Output: Finished blue prints



Example:

Optimize structure

taking into account

Aerodynamics, aeroelasticity, structural design,
design life, safety, production costs, life cycle cost,
engines, maintenance, etc.,
in short, everything you can think of.

in

Minimum execution time



Solution:

Decide which computational modules contribute
to the job
(this step is knowledge based)

Execute them in such a sequence that the input
required by each module has been made available
by the modules executed previously
=> Job dependency graph

Map the graph onto parallel or distributed
hardware so that the execution time is minimal



How it is done:

1. Makelist of all processes involved P1, P2, P3, ..., Pm
2. Makelist of all data sets required and produced. S1,82,S3,....,5n

3. Associate data sets with processes. Example:

P8 input sets: 13478 output sets: 2579
PO 3579 6710
I nput: Output:
P8:  Geometry 1 Member sizes 2
Loads 3 Displacements 5
Material properties 4 Weight 79
Constraints 78

4. 1/0 sequencing: At each stage find processes whose input sets required
for execution are available. Observe loops and dynamic
iteration conditions (=> ktool)

5. Create directed graph showing job dependencies and execution sequences

6. Map processes onto available hardware (=> ctmap)



Ambiguous iteration loops



Simulation engine

(Self-writing program)

Create an agenda: List all instructions eligible for
execution, beginning. with the input processes. Then
execute them, one by one, starting at the top:

(I1argll argl?...)
(12 arg21 arg22 ...)

As instructions are executed, they can set up new
instructions on the list, re-schedule themselves, change
the order of processes on the agenda, etc. When done
they are deleted from the agenda. At any moment:

(fmargml argm2 argm3...) ___
(fnargnl argn2 argn3 ... )
(fo argol argo2 argo3 ... )

(fp argpl argp2 argp3 ... )

4—

Job ends when there are no instructions left on the agenda



Legend for the viewfoils showing the demonstration cases:

Horizontal axes: Time in seconds
Vertical axes: In job sequence diagrams. Process number
In process maps. Processor number

In al demonstration cases, processes were mapped onto five
processors. Horizontal line segments (mostly in red) indicate which
processes are executing and for how long. Transverse lines (in green)
between the horizontal segments show data sets being moved between
processes. For clarity, the time required for data transmission has been
greatly exaggerated. All processes execute for four seconds at atime,
data transmission takes one second per set.

In all real applications, both the execution and transmission times
are, of course, quantities which vary dynamically and so is the number
of iterations required to achieve convergence in the design loops.



Process to processor mapping:

Of al the eligible processes on the agenda always execute
those processes first which have the largest number of child
processes



Test case 1: Description of processes and data sets
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It is usually with such a list that the description of the design process begins.
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Test case 1: Topology

This diagram is the graphical equivalent of the list in the previous
viewfoil



Process

T T
"aaa_a" using 1:2 —
"azaa_h" uzing 12 ——

il

-

1 1 1 1 1 1 1
20 40 18] [=1e] hisle} 120 140

1
180

0
Time (sec)

Processor

=1 T T

uzing 1:

A

o

] 2:3 4:3 6‘0 EEIO 1(;0 12‘0 1-;0 16‘0
Time (sec)

Test case 1: Job dependency and processor mapping




External input
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Test case 11: Network topology
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Test case 11: Job dependency and processor mapping

Constant convergence rate in al branches
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Test case 11: Job dependency and processor mapping

Convergence rate varies between branches as iteration proceeds




External input
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Design of an aircraft wing: Job dependency and mapping
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External input
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Design of an aircraft wing II: Network topology
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Figure shows the details of the iteration box between data sets 10 and 15 in the
previous diagram
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Design of an aircraft wing II: Job sequence and process mapping




Design manager’s aids:

KTOOL
Simulator for finding program dependencies

Supervisor and controller for live executions

CTMAP

Process to processor mapping

The future:

Build knowledge base
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