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First Occurrence Prime Gaps

By Jeff Young and Aaron Potler

Abstract. An ongoing search for first occurrence prime gaps continues.

An ongoing search for first occurrence prime gaps is being carried out which
extends all previous work done on this subject. To date this search has found
all such gaps for primes up to 7.263 x 10'3. First occurrence prime gaps had
previously been known for primes less than 4.444 x 10'% [2]. Several gaps larger
than the previously largest gap of 682 (not a first occurrence) found by Weintraub
[4] have been found.

Computer programs were written in FORTRAN and CAL (Cray Assembly Lan-
guage) on a CRAY-2 supercomputer.

The computation was conducted as follows. A sufficient number of primes were
generated to perform a sieve. Odd numbers beginning with 3 were sieved one block
at a time, where each block was chosen to contain 40,000,000 numbers based on
system resource availability. The even numbers were eliminated during initialization
of each block. One number was stored per 64-bit computer word. After sieving
each block, the differences between consecutive primes were calculated and stored.
This was accomplished by loading 64 elements of the sieved block at a time into a
vector register. A 64-bit vector mask was created containing 1’s for corresponding
nonzero values in the vector register. If the vector mask was zero, the next 64 values
of the sieved block were loaded into the vector register. If the mask was nonzero,
an instruction to count the number of leading zeros was executed to get the offset
from the beginning of the vector register for the next prime. A subtraction of the
previous prime was done, thus arriving at the gap. The leftmost 1 of the vector
mask was cleared and the method repeated, beginning with checking if the vector
mask was zero. This was repeated until the entire block was processed. The last
prime in each block was saved in order to calculate the difference between that
prime and the first prime in the next block to make sure no gaps were missed. The
time to perform the sieve for each block, and to calculate all gaps generated, was
about 10.5 seconds for numbers in the range of 7.2 x 10!3. The largest prime in
the last block processed to date is 72635119999997, so the table of first occurrence
prime gaps is complete to that prime.

" The following table lists all the first occurrence prime gaps found. This table
agrees with all previously published results [2], (3], [1]. The maximal first occurrence
prime gaps are marked with an asterisk (x).
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following following following
gap the prime gap the prime gap the prime
* 602 1968188556461 642 14141685364577 690 15712145060693
604 5439564948583 644 41433781612373 692 43603583701331
606 12112937821403 646 51027160468351 694 62088893223739
608 20767330530329 648 9787731507761 696 23333096984797
610 9105981382177 650 5120731250207 698 33785727371453
612 13397310636587 =* 652 2614941710599 700 14998144209049
614 17418754709747 654 54916086007427 702 19786638118631
616 8095224517651 656 65862966031241 706 35625755878981
618 4165633395149 658 39883132551139 714 49639993268989
620 9344093035661 660 10653514291843 = 716 13829048559701
622 13059969946711 662 11082394066097 724 59692452738913
624 24923033918059 664 38745678640849 728 57723522921803
626 33605480400197 666 18691113008663 730 24179270588173
628 34140047613391 668 28340177964929 740 57360609786539
630 12644461143649 670 47137733785861 744 42610475373269
632 45678685880759 672 26456514142099 756 70099348325843
634 17659394869309 =* 674 7177162611713 758 47581758352253
636 9483480841753 678 37970994487033 * 766 19581334192423
638 17499522060011 682 41459443375351 =« 778 42842283925351
640 22099408494481 684 30236507704253
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