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INTRODUCTION

A companion memo, UCIES# 2006-is30 describes the FLEET computer. That
document is largely silent on how many bits are in a word, how the machine handles the
bits, and a number of other details.

This memo describes a small set of SHIPs that we think are adequate for general
purpose computing. For example, here we describe an ARITHMETIC SHIP, a LOGIC
SHIP, and a SHIFTER SHIP that together fill the role of the ALU in a conventional
computer. We also describe some SHIPs unique to FLEET including a BARRIER SHIP
that permits a FLEET program to synchronize concurrent actions. Our objective is to define
a starter set with sufficient clarity to use as a basis for exploring general purpose computing.

Some parts of this memo are taken from memos written by Adam after our
discussions of August 16 and August 20. It is largely at Adam!s instigation that we have
chosen the record as the unit of communication. We also thank lan Jones, Igor Benko, and
Mark Greenstreet for their contributions. They noted several omissions in earlier drafts.

CONCURRENCY

On any computer, the temporal relationship between a read and a write to the
same location in memory, or two writes to the same memory location, must be predictable
in order for the program to behave predictably. Sequence matters. But in order to achieve
high performance we want our machine to do many things concurrently, and there are many
cases where we don!t care about the temporal relationship between events. For example,
reads and writes to disparate memory locations can happen in any sequence.

How do we guarantee sequence when itls important? This is a critical question in
FLEET because it is a highly concurrent system without a clock. In such a system one can
be certain of the temporal relationship between two events only when they have a causal
relationship. That is, the sequence of two events is uncertain unless one event took part in
causing or permitting the other event.

FLEET includes a data type, called TOKEN, precisely for the purpose of
controlling sequence. As you read this memo, look for places where SHIPs provide for
token inputs or outputs that may, at first, seem unnecessary. We offer them as aids to
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MOVE. The destination field would contain a similar bit, called the “gather” bit, to indicate
that further input can be expected. Full record moves would set neither the scatter bit nor
the gather bit. If we include a gather bit in the MOVE instruction, all SHIPs must be able to
gather. Is the symmetry worth the cost? What do you think?

I HSU&! ' () (% -./ (0

A FLEET program may define arbitrary constants. Such constants, called
“literals,” are defined in the code bag along with the MOVE instructions. The code bag
descriptor tells where to find the literals in memory and how many there are.

Such literals will enter the machine in one or more records of up to eight words
each. The code bag descriptor specifies the location and length of each such literal record.
Literal records enter the Literal SHIP in the sequence specified in the code bag descriptor.
The program may treat each literal record as a record or scatter individual words from them
for separate uses.

The Literal SHIP contains a record store to hold the incoming literal records.
Separate MOVE instructions in the code deliver values from the Literal SHIP to their final
destinations either as individual words or as an entire record. Although literals enter the
Literal SHIP as records of up to eight words, suitable MOVE instructions can treat them as
records or as individual words.

Because the Literal SHIP has limited storage capacity, the program should drain
literals from the Literal SHIP promptly. Failure to drain literals may cause a back up of literals
that congests the fetch mechanism.

The literal SHIP has a pipeline output interface. The form of its input interface is
implementation dependent and of no concern to the programmer.

1$9%#28&! (3" $(4* (%$24 %5

The Fetch SHIP chooses one of several elements “horizontally” from a record of
code bag descriptors. Now we are going to see SHIPs that use vertical association of two
or more records to perform multiple tasks.

The Memory Read SHIP and the Memory Write SHIP use records of
addresses for scatter write and gather read. A record of addresses carries many addresses
to the Memory Read or Memory Write SHIPs. Those SHIPs can use the multiple
addresses to keep several memory requests outstanding for higher memory throughput.
Each address record can cause the memory to read or write many data records. The
Memory Read and Memory Write SHIPs may have several read and write operations
concurrently in process.

Before we talk about how these two SHIPs work, let us consider vertical use of
records. If several records of the same length are aligned, the number of tasks they specify
is equal to the number of elements in each. However, if the records differ in length, the
number of tasks to do is equal to the length of the longest record. The elements in shorter
record are re-used in sequence, matching the elements in the longer record until the longer
record is exhausted. For example, matching record X5, X4, X3, X2, X1 with record Y3, Y2,
Y1 groups together the following pairs (X1,Y1) (X2,Y2) (X3,Y3) (X4,Y1*) and (X5,Y2%).
The star notation indicates another use of a value that may have changed during its first use.
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UCIES# 2006-is31

The Shift SHIP produces an output record exactly as long as its data input record
regardless of the length of its command record. Moreover, just as the Memory Read SHIP
used a calculated address for subsequent operations, so the Shift SHIP uses the results of
previous operations if the command record is longer than the data record. Consider first a
one-word command operating on the multi-word data record. Each element in the data
record gets the same treatment.

Now consider a long command record operating on a one-word data record.
Because the Shift SHIP retains the output of each shift operation as the input to the next
operation, an eight-word record of shift left commands will operate eight times on a single
word data input record to produce a one word output record shifted left eight times.

Table 2: Shift and Rotate

Name Does Use LINK (Lin) for Set LINK (Lout) to
Copy A ignore Lin, O, 1, sign
Shift Left A<<1 ignore , carry in, extend | Lin, O, 1, old sign
Shift Right A>>1 ignore, sign in, extend Lin, 0, 1, old LSB
Rotate Left end around | ignore Lin, 0, 1, old sign
Rotate Right end around | ignore Lin, 0, 1, old LSB
Linked Rotate Left | rotate left as | rotate in Lin, O, 1, old sign
N+1 bits
Linked Rotate Right | rotate right rotate in Lin, 0, 1, old LSB
as N+1 bits
select Left Shift if LINK shift control Lin, O, 1, old sign
then A << 1
else A
select Right Shift if LINK shift control Lin, 0, 1, old LSB
then A>> 1
else A

In our first FLEET all shifts and rotates will be by zero or one bit position. In a
more advanced FLEET the shift command might include a field to say how many positions
to rotate or shift. Would that require more bits in the LINK to do multiple precision shifts?

Perhaps even our first FLEET should include a shift by eight bits. Including an
eight bit shift would require only one additional multiplexed data path. By suitable
application of eight-bit and one-bit shifts, a long command record could accomplish nearly
any shift task a single data word.

In most computers there are two kinds of shifts. In one kind the amount of shift is
specified in the instruction; in the other kind the amount of shift is given as data. The simple
shifter described here specifies the shift in the command. If we think of the command as a
literal delivered as part of the program, the shift is specified in the instruction. However, a
program can compute commands. Thus the command need not be a part of the program.
It is data, albeit usually literal data, but not necessarily literal data. In FLEET the command
input is a computable value. Separating the operation codes from the instruction stream
may have deep implications yet to be explored. Interesting.
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Figure 5: Stack SHIP
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Figure 6a: Fetch SHIP
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Figure 6b: Fetch SHIP actions
for records of one, two, or three values
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Figure 8: Record concatenator SHIP
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Figure 9: Literal SHIP
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Figure 11: Memory write
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Figure 12: Adder SHIP

recStore

Y

1.,.9%& :int

Y

=B)!.,.%& :token <

recStore

recStore

>(##.&9%& int —

=B)>(#%& ::token <—

recStore

e

/\ —LlI - = o=
®

Y

A

recStore

— | +" wint

=token

Figure 13: Bitwise SHIP
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Figure 14: Shift & rotate SHIP



