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Loops, Halts And Incorrect Answers

Or
Separating The Men From The Boys.

Lockheed had begun to hire more programmers and they had assigned one of their new ones, Charlene Lampkin, the job of writing a subroutine that would compute the square root of a given number.  At this time all the programs on the 704 would run to completion in just a few minutes.  Charlene called me to the machine room and said something was wrong with the machine, as it had been running for 15 minutes.  I sat down at the console and put the machine in manual and stepped it through a very tight loop.  I wrote down all the instructions in the loop and took it to her desk.

She said she was using the “Guess” method of computing a square root.  The program was hung in a loop alternately increasing and decreasing the root.  We found she had not taken into consideration that the number may be a perfect square.  She had coded to test the root being too large or too small but not for equal.  The program could find the square root of any number, to the accuracy of the machine, except perfect squares.  Adding a few instructions to the program fixed the problem.

It was about this time I began to realize the only complaints we had about the machine was loops, halts and incorrect answers.  This was due to the lack of checking circuits in the 704 system.  The only two checks made in the 704 were the “Clock Check” and “Copy Check”.  The clock was a 12 stage flip-flop ring and the checking circuit made sure only one stage was active at a time.  I never saw a clock check error on a machine.  The Copy check error was an indication an I/O operation needed data service for the MQ (Multiplier-Quotient) register.  All I/O data went through the MQ register and required a program to issue a “Copy” instruction to handle the data between the register and memory.  If the MQ didn’t get service in time to synchronize with the I/O device a copy check occurred.  This turned on a big yellow light on the console and the machine stopped.  I saw many of these as they could either by caused by hardware or software error.

The copy checks I remember most were when Lockheed had received a contract from the Air Force to design a nuclear powered airplane.  They got a program from Westinghouse that had to do with reactor design.  This program would cause intermittent copy checks.  I looked at the code where the copy check was occurring and found out it was exceeding the allowable time between copy instructions by 12 microseconds.  Lockheed did not have the source code and the original programmer at Westinghouse was not available for some reason.  The local programmers were afraid to make any modifications to a reactor design program that they knew nothing about.

They were in a real bind needing the machine to do something the book said it couldn’t do.

I knew there was some safety factor in the time allowed between copies and since the failure was intermittent I wondered just how much faster the 704 had to run to get the copy instruction there in time.  

The clock in the 704 was controlled by a crystal controlled oscillator, but there was a switch to switch out the crystal and switch in a variable oscillator for testing purposes.  We could vary the machine speed by about 5% for testing purposes.  It was used to show up marginal circuits.  I switched out the crystal and increased the speed slightly and had them run the reactor program.  We made several runs and found the lowest speed increase the program would run and marked a spot where the control potentiometer pointed.  We did not want to run any faster than required and cause some other unknown problem.  From then on every time they wanted to run the program a CE would go out and crank up the speed then return it to normal after the job finished.  This procedure was followed until the nuclear airplane program was canceled.  

It was during this time that Lockheed bought some property us a Dawsonville, Georgia and built a reactor to radiate aircraft structures to study the effects of the radiation.  They ordered a 704 for Dawsonville and I taught a field school on the 704 for the crew that was going to support it.  You never know what you don’t know about a subject until you try to teach it to someone else.  We had just finished the school when the whole nuclear airplane project was canceled.
There was no parity checking in the 704 except data in the 753 Tape Control unit.  There was no such thing as an operation code check.  The machine would try to execute any op code given to it.  There were two halt type instructions that would stop the machine.  One was the HTR (halt and transfer control), which was really no instruction at all.  I mean by that, if the machine fetched a word of all zeros, in the operand portion during instruction fetch time, it would stop.  If the start key were pressed the machine would go to the address in the address portion of the word and start processing from there.  The other halt type instruction was the HPR (halt and proceed).  If the op code portion of the word fetched was 0402 the machine would stop.  If you pressed the start key the machine would go to the next word and start from there.

All other combinations would execute as some instruction or even a combination of instructions.  If the machine got out into the data area fetching it as instructions it would thrash around until it hung in a loop or came to a halt.

The last and by far the worse troubles were incorrect answers.  It was common practice in the early days of the 701 and 704 to run a job twice and see if you got the same answer.  The reliability specifications for a 704 said it had to run for eight hours without an error, before it could be shipped.  When you had one of the problems with incorrect answers, where did you start?  Was it a problem with the memory, drum, or mainframe?  If you were lucky you could run a diagnostic checkout and some component would fail.  If it failed on a diagnostic you could fix that.  Most of the time the diagnostics did not fail because we checked them out every morning at 6:00 am.

If you ask a Scientist If he wants to give up one of his 36 bits in a word for a parity bit he will say no.  That’s because every bit in a parallel binary word doubles the size of the numbers that can be represented by that word.  He wants to be able to work with the largest possible numbers.

If you ask an Accountant the same question he wants a parity bit for each character in the word.  He wants to be able to balance to the exact penny.            

This situation existed on through the 709, 7090, 7094 and 7094 II until the System 360 came out.  

On the other side of the house the 705 had a parity bit with every character in every register and 

memory.  When a register picked or dropped a bit they knew when & where.  I used to say the

704 separated the men from the boys.  

