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is from 0 to 27r. The roots of s are confined by
4R
0 > Sq > L1 + 4L9
The Sq'S are used to calculate the residues for the final solution.
The use of the difference-equations approach reduces the difficult
part of the problem to solving (28) instead of an involved procedure
of diagonalizing an m by m matrix. Thus the computer time becomes
extremely short and inexpensive for m of a thousand or greater, and
calculation rather then measurement becomes much more practical.

significant bits of r are copied into the 11 tag bits. For example, suppose r=10 259, that is, 320.25-+19. The instruction from this register
is copied into register 19 of the slave and the number 320 is copied
into the tag bits of that register.
Whenever an instruction is required, the slave is first examined
to see whether it already contains that instruction. This is done by
accessing the register that might contain the instruction [namely,
register r (mod 32)], and examining the tag bits to see whether they
are equal to the 11 most significant digits of r. If they are, the instruction is taken from the slave; otherwise, it is obtained from the
main memory and a copy left in the slave. If the system is to preserve
full freedom for the programmer to modify instructions in the accumulator, it is necessary that every time a writing operation is to
take place, the slave shall be examined to see whether it contains the
word about to be updated. If it does, then the word must be updated
in the slave as well as in the main memory.
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One method of designing a slave memory for instructions is as changed so that a new program becomes active in the place of the
follows. Suppose that the main memory has 64K words (where K= one currently active (a change that is brought about by the super1024) and, therefore, 16 address bits, and that the slave memory has visor), a scan of the fast memory is initiated. Each register is exam32 words and, therefore, 5 address bits. The slave memory is con- ined in turn and, if the first tag bit is a 0, no action is taken for that
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'
~~~~Many variants of the simple scheme are possible. The tag bits
may, for example, be stored in a separate stiperspeed memory. A
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Short Notes

1024-word memory, each having 64 bits, would be suitable; such a
memory could be made with an access time of about 100 ns, and
would enable the scanning process to be completed more rapidly.
Similarly, a number of base registers could be provided and the fast
core memory divided into sections, each serving as a slave to a
separate program block in the main memory. Such a provision would,
in principle, enable short programs belonging to a number of users to
remain in the fast memory while some other user was active, being
displaced only when the space they occupied was required for some
other purpose. This would present the designer of the supervisor with
problems similar to those presented by an Atlas-type system of
dynamic storage allocation.5
An alternative, and perhaps more attractive, scheme would be to
retain 32K (or whatever the size of the fast memory may be) as the
block length, but to arrange that the fast memory acts as a slave to
more than one block in the main memory, it being recognized that this
will lead to some overwriting of information in the slave, but will,
nevertheless, on the average, be advantageous. Suppose, for example,
that there are seven base registers, each containing an address of a
register in the main memory at which a program block starts. Four
tag bits are necessary, the first three containing either zeros or the
number of one of the base registers. The fourth tag bit indicates
whether a word has been altered while in the slave.
At any given time, one of the seven program blocks is active.
Whenever access is required to a word in the memory, the hardware
looks to see whether that word is to be found in the slave. This is
done by reading the word in the appropriate place in the slave and
comparing the first 3 tag bits with the number of the base register
corresponding to the program block then active. If there is agreement, and if a reading operation is to be performed, the word from
5
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the slave is used and operation proceeds. If the three tag bits are all
zero, the word is obtained from the main memory and a copy put into
the slave memory for future use. If the three tag bits are not zero
but correspond to another base register, the fourth digit is examined.
If this is a zero, action proceeds as before, the word in the slave being
overwritten by the word from the new program block. If, however,
the fourth bit is a 1, indicating that the word has been altered while
in the slave, that word is copied back into its proper place in the
main memory before being overwritten by the word from the new
program block. In the case of a writing operation the sequence of
events is similar, except that the fourth tag bit is made into a 1 when
a word in the slave is modified. Thus, if the seven programs become
active in turn, they may be said to share the slave between them and,
if each runs in short bursts, there is a fair chance that only a few
words belonging to a particular program block get overwritten in the
slave before that program block is activated again.
There will, normally, be more than seven program blocks ready to
take their turn for running and the supervisor will, from time to time,
change the address in one of the base registers. When this happens,
a scan of the slave is initiated, and all words which belong to the program block being displaced and which have a 1 in the fourth bit of
the tag, are copied into the main memory.
On the face of it, the scheme just outlined appears to offer the
basis for a satisfactory two-level core storage system without involving too high a degree of complexity in the hardware.
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