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CHAPTER 20

1985 - 1989

JPL - Time Warp Operating System

FTER JTLS, I stayed on at JPL in the same building, but

{ Aon a new project: Timewarp on the Hypercube. Really. That’s
8 what it was called. 7imewarp was the name of an operating system for
7 stributed Discrete Event Simulation, and the Hypercube was a large-scale

invented by Dave Jefferson, a Computer Science professor at UCLA.
_ The Hypercube Parallel Processing system was built by Caltech. The
Projcct was funded by the U.S. Military to potentially do more war games.

; Applications running under the Ti_rne Warp Operating System were
§ Object-Oriented and coded in C. The operating model was similar to

& Smalltalk in that it worked by objects sending messages to each other
L or to themselves. It was not so much a programming language like C++,
\ which wouldn’t be available for a few more years. The way this worked

& for Discrete Event Simulations was that the messages were stamped with
the simulation time. In the Simscript language I described earlier, the

8 messages by simulation time and then executed the destination object’s
B code for each message, advancing the simulation time for each one.

When T joined the project, there were 4 or 5 people already working on

8 it. It was not in very good shape, though. Each person had his own version

of TimeWarp, and none of them worked. The computer we had to use was

that same VAX 11/780 in the JPL Graphics Lab. Software organization

Is one of my strengths. That’s not normally mentioned as an attribute of

& Programming, but I think it’s important. I kind of took over and made one
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good version of the software and got rid of all the rest. Then everyone used
the version I controlled. I was not the boss or the technical leader of the
project. Nobody had to obey me. It’s just that T was doing something usefy].
An interesting thing we did as a project was to have regular
configuration control board meetings. These were run by the manager
and everyone was included. Normally I would not like something like
that but, in this case, it was simple and effective. The idea is that the
“configuration” of the software is basically what’s in it, what features does
it have, and so forth, and that there should be some control over it. That
is, there should be some contro] over what new features are added to the
software, when and how. In the meetings, anyone could make a suggestion
for a new feature or some change to the software. Then everyone in the
meeting could discuss it. It just kind of worked out, since I was personally
in charge of the software, that I was the best one to evaluate the préposals.
I could judge not so much whether the change was a good idea or not, but
what kind of effect it would have on the system and how difficult it would
be to do. I'm naturally receptive to new ideas, so there was never really
any dispute, although I'm also naturally pretty strict about the integrity
of the software. Usually I'd be the one to implement the changes anyway,
so [ 'was always able to make sure they were okay.
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We were doing pretty well with TimeWarp running on the VAX,
Then we got a real Hypercube. It was made of 32 Intel 8086 processors.
The way they’re connected together is the hypercube topology. It’s like
a cube, but with more dimensions. Processing nodes are not connected
directly to every other node. To get a message from a node at one corner
of the hypercube to another one at another corner, it would have to
be routed through some other nodes. It’s basically a simple idea, but
actually making it work can be pretty complicated.

There was a separate part of the software called the Machine Interface
that was supposed to deal directly with the 8086 microprocessors. That
was not used on the VAX, so even though the TimeWarp part of the
operating system was kind of okay, the 8086 part was not. The project
had been going on for at least a couple of years before I got there. In
the Summers, a professor of Computer Science and Mathematics at
Florida State University came to JPL to work on the project. His name
was Steve Bellenot. He came for the Summer again when I was there,
and we worked together on making TimeWarp work on the Hypercube.
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By now, the contract deadline for the project was that Fall. ¢
TimeWarp was not working on the Hypercube by then,

would be canceled. Steve and I worked on it every day for 2 o
that Summer,

the project
r 3 monthg
1986 I think. Steve had been on the project longer, and

he understood the theory of TimeWarp better than me. I happened to
be an expert in Intel processors and parts, and really good at debugging
We were a good team. We complemented each other’s strengths.
I'm pretty innovative too. I found several VT-100 terminals, maybe
4 or 5 of them, and connected them to some of the Hypercube nodes,
That way, the software could print things and we could even get into the
debugger. Sometimes software is so bad that it would have been faster
to rewrite it than to debug it. The trouble is you don’t know that until
you've been debugging for awhile, and then you think you’re almost
there. The Machine Interface code was like that. It took the two of us a
couple of months to get it to work. But we did it. It worked, there was a

demo, and the project was renewed for another year. It would actually
go on for several years more. ‘
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; A bigger and better Hypercube, and he knew the people to give s access

B o it. So, we went there on a weekend, and working together we made it
work. I happened to know the Motorola 68000 already. On Monday, we
announced the good news, and the manager was mad. He didn’t like being

" eft out. But we didn’t get fired because it really was a giant step forward

* for our project. Now we could access the Mark IIT Hypercube remortely,
and we never used the Mark II Hypercube, the 8086 one, again.

Our group was maybe the first one at JPL to get Sun Workstations.

Each one of us had our own Sun 3 Workstation on our desk. To me,

sttty M har was as big an advance in technology as timesharing had been

over punched cards, maybe bigger. I made a version of TimeWarp that
used our local network of Suns, which included a Sun 4 SPARC, as a
multiprocessor system.

The Time Warp Operating System was written entirely in C, except

for a little bit of Assembler Language code for each type of machine for
context switching. That included the Sun SPARC, which was an advanced

RISC machine. The machine actually had a lot of instructions, so I didn’t

think the instruction set was particularly reduced. I guess what qualified

it as RISC was that the instructions were all one word and executed in one
cycle. The Motorola 68020 was a CISC machine (Complex Instruction Set
§ Computer). The instructions were variable length and executed in multiple
& cycles on variable length data. The IBM 360 was a CISC machine for the
same reasons, although other computers like the UNIVAC 1108 worked

according to the way I just described ‘as RISC, since it had single word

instructions that executed in one cycle, but didn’t get that title.

The Sun SPARC architecture was designed with the C language in
mind. C has a run-time stack for passing argiuments to subroutines and
for holding local variables. In general, CPUs are faster than memories,

so instructions that operate on registers inside the CPU are faster than

6 Motorola 68020
e rea| technical lead
ceton, and he was
‘C so-called Foothill
llbc was installed at
P Work on that much

instructions that access memory. That’s normal for most computers.
The SPARC went one step further by having a very large number of

registers and then mapping a local stack frame to a group of them. So,

references to the stack could access registers instead of memory and
go faster. When another subroutine is called, the new stack frame is
mapped to another set of registers. They referred to that as a sliding
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window. This was effective because C programs generally have a lot of
calls and returns with stack frames that are usually pretty small. Of
course, there is memory behind the register stack and that’s used when
the registers run out. To switch context to another task, or in the case
of TWOS, to another object, the registers all have to be saved, and you
needed Assembler Language code to do that.

The Sun Workstation could do graphics on its big screen. I made a
way for TimeWarp on the Mark III Hypercube to make a log of all the
events on each node in its local memory and, at the end of a simulation,
dump all the logs out into a file. Discrete Event Simulation works by
scheduling events in the future. The simulation engine advances the
simulation to the time of the next scheduled event and then runs the
code for the event. That in turn can schedule more events, and so it goes.
The idea of a TimeWarp distributed simulation is that each processing
node can move ahead in simulation time independently of the other
nodes. But then a node can receive a message for an event that’s in the
past relative to that node’s current simulation time. When that happens,
the future messages have to be canceled and the simulation rolled
back. That’s accomplished by sending anti-messages. When messages
and anti-messages collide they’re annihilated. This strategy was called
optimistic because the future messages can be righ.

My log entries contained both real time and simulation time, the sending
and receiving nodes, and the type of message, either positive or negative. I
wrote a program to do a two-dimensional display of that information, using
the two times for x and y coordinates, and the two nodes for the ends of
lines. When I ran that, it made a graphic of the whole simulation on one
screen. You could see messages going forward and backward.

At that time, the Sun screen was monochrome. But I found a Silicon
Graphics IRIS color graphics workstation in a room by itself with
nobody using it. Again, JPL was so cool! There was a little room with
an [RIS workstation and a chair just across the hall from my office. I
took it over and made my program work on it, using colors for the lines,
green for positive messages and red for negative messages.

That made the graphic simulation results much better. Dave

Jefferson presented papers at simulation conferences and used images
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that I produced in his presentations. I didn’t get to go. But I think this
is why when one day there were some VIP visitors, and the manager
was showing them around, introducing everybody, and when he came
to me he said: “That’s Mike. We just let him do whatever he wants and
we always get something good.”

[ created the TimeWarp Message Graph, the TimeWarp Execution
Graph and the TimeWarp Object Activity Display, first on the Sun, and
then on the IRIS workstation.

Steve Bellenot came back for another Summer. This time he had an
idea for a different way to display my simulation log data. He proposed
a circle with positions around the circle that represented the nodes of
the 7-dimensional Hypercube. Messages from one node to another
would go from one place on the circle to another one. That takes
trigonometry, which he not I could easily do. We always preferred the
IRIS workstation now because of its color display, so we used that. We
modified my graphics program to draw a circle and plot the messages in
color there. Instead of a static graph, it made an animated 2D display of
the TimeWarp message activity that was almost like a video. It looked
like a brain working. Everyone wanted to see it.

We called it the HyperCircle. It was very impressive to see, but it also
did something practical. As it was running, there appeared a small gap
in time where no messages Were sent or received, and it was very visible.
The underlying software was developed by a group at the main Lab.
We reported this phenomenon to them and, knowing what to look for,
they were able to reproduce it, and thus able to fix it. We found a real
problem with a play program.

Steve wrote a paper about this and presented it at the 1989 Eastern
Multiconference of the Society for Computer Simulation. He called it
Tools For Measuring The Performance and Diagnosing The Behavior Of
Distributed Simulations Using Time Warp. He made me his co-author from
the California Institute of Technology. It wasn’t wrong. The HyperCube
was a joint project between JPL and Caltech, and besides that, Caltech
was the administrator of JPL and my paychecks came from Caltech. There
were several other papers where I was credited as one of the co-authors

from JPL. They were all written by others in our team. I only did software.
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