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1. Overview

The IMP mechanism (see IMPs Reference Manual) offers a way of executing sequences of microcode
routine calls ("macroinstructions”) from a very tight dispatching loop running in the microcontroller.
You should be thoroughly familiar with the IMP mechanism before reading this document.

The IMP mechanism includes a number of macroinstructions used to control the CM2 microcontroller
and to control basic IMP execution. Included are simple looping, nesting and register manipulation
macroinstructions.

CMIS completes the picture with a set of macroinstructions to control the CM2 itself. It includes
instructions to control the CM processor chips themselves as well as the SPRINT/FPU hardware. The
philosophy is to provide the basic low-level sequences, which can be pieced together to implement arbi-
trarily complex algorithms.

You will also have to be familiar with the low-level architecture. of the CM2, This manual covers this
briefly in the following section but really is not sufficient to train the novice. You should seek help in
understanding the CM2 architecture from your TMC applications engineer, or contact TMC Customer
Support to arrange training.

1.1. A Note on Meta-Syntax

In this document and all IMP/CMIS documents, the following meta-syntax is used to describe syntactic
‘structure:

{abc,...] A choice of exactly one of a, b, or ¢

(i-j) One value in range i through j (usually integers)
[a,bc] A choice of a, b, ¢, or nothing
[i-j] One value in range i through j, or nothing

This syntax can be arbitrarily nested, as in "{A,B,P[1-4]]". At the topmost level, the full syntax is taken
to represent the set of all possible expansions of the meta-syntax. For example, the syntax

CMIS-FRTA-%P{1-4}[-DYN]

specifies the 8 CMIS instructions CMIS-FRTA-%Pn and CMIS-FRTA-%Pn-DYN where n is 1, 2, 3, or
4.

2. CM2 Architecture

To use the CMIS instruction set, you must be very familiar with the low-level architecture of the Con-
nection Machine. A concise discussion of the architecture of the CM2 as viewed by the CMIS program-
mer follows. '

2.1. Sections

The basic unit of replication of the CM2 is what this document will refer to as a SPRINT Section, or
Section for short. Figure 1 shows a block diagram of a CM2 section. The basic parts are the 32 CM2
Processors (2 CM2 chips), the memory, which is 32 bits wide by 65536 or 262144 (256K) bits in
length, the SPRINT chip and the optional Floating Point Unit (FPU) chip.

The 32 bit wide memory is addressed by a 20-bit bit address bus. Most often, the address is driven by
the ‘microcontroller, as is the same value for all sections. It is possible, however, for the SPRINT chip
to drive the address bus with a value that differs from section to section. This is called "SPRINT
Indirect Addressing" and is discussed later. Memory data is read or written from two sources, either
the 32 processors working in parallel, or the SPRINT chip which reads and writes 32-bit slices.

The 32 Processors each access one bit of memory at the currently addressed location. On any single
cycle, they can read a bit, or write a bit, and perform one-bit calculations using memory data and the
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state of four internal flags.

The SPRINT chip reads and write 32-bit slices, transferring them to or from one of its internal devices.
The devices are the Transposers A through C (D in some new models), the Bypass Register, and the
Conditionalization Register.

2.2. The CM2 Chip

The CM2 Chip contains 16 1-bit processors. There are two CM2 chips in each section, for a total of 32
processors. The 32 processors operate in lockstep, on each cycle performing an operation that typically
reads or writes a bit in memory. In concert, they access a 32-bit slice of memory, one bit per processor.
See Figure 2 for a block diagram of each processor.

There are five basic operations supported in CMIS, the LOADA cycle, the LOADI cycle, the LOADB
cycle, the STORE cycle, and the RUG-W-A cycle.

The LOADA cycle reads a bit from memory and loads it into the A and C latches of each physical pro-
cessor, sets the CARRY function for the ALU, and specifies the Read Flag to be used as input to the
ALU.

The LOADI cycle loads a constant bit into the’i:imd C.ﬁamhcs of each processor.

The LOADB cycle reads a bit from memory into the B latch of each processor, sets the SUM function
for the ALU, and specifies the Contextualization Flag to be used to contextualize the storing of the
result and whether or not to invert this flag before using it as such.

The RUG-W-A cycle reads a bit from memory into the C latch of each processor.

The STORE cycle calculates the SUM and CARRY functions using the A and B latches and the Read
Flag as input, stores the SUM function result to a bit in memory, and stores the CARRY function result
into a specified Write Flag. The C latch is stored instead for processors whose Contextualization Flag is
off.

There are’four flags which may be specified as the Read, Write and Contextualization flags. Any of the
four can beused for any purpose, but to support the PARIS programming model, these flags are named
TEST, OVERFLOW, CARRY, and CONTEXT. A fifth flag, the ZERO or SINK flag, may also be used
for reading, writing or contextualization - it always reads as a zero, and writing it has no effect.

2.3. The SPRINT Chip

The SPRINT chip is essentially a data path between the memory and the FPU, and is supported by
CMIS instructions which provide common pipelines and machine sequences. Data is moved through the
chip via its two external busses, the Memory Bus (Mbus) and the Float Bus (Fbus). The Mbus transfers
32-bit slices between memory and one of the four internal SPRINT devices, Data transposers A through
C, and the Bypass Register. Similarly, the Fbus transfers between these devices and the data I/O bus of
the FPU. A fourth data transposer, D, is available on later model SPRINT chips. See Figure 1 for the
internal structure of the SPRINT chip.

The transposers are 32-bit by 32-bit matrices which are written with 32-bit values row-wise, and from
which 32-bit values are read column-wise. This has the effect of rotating or "transposing” the data. This
allows 32 32-bit PARIS fields to be read from the Mbus, then passed to the Fbus as 32-bit values. It is
also possible to write these transposed values back into memory, after which they are said to be stored
slicewise. Transposers are read or written using a single transposer pointer, which is generally incre-
mented after each read or write, but may be loaded directly for irregular data access.

The SPRINT bypass register is a single 32-bit latch, into which data from the Fbus or Mbus may be
read or written. Such data is not transposed or altered in any way. Using the bypass register, data
stored slicewise in memory can be moved directly to and from the FPU.

Transfers between the Fbus and transposers may be conditionalized. The SPRINT condition register is
used for this purpose and is loaded via the CMIS-FPU-MWC[-%Pn] instructions.
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An additional transposer, the Status Transposer, can optionally be used to collect 5 status bits from the
FPU (two are unused in systems with WTL3132 FPUs). These status bits are passed directly, and in an
8-bit partially decoded form, making a total of 13 bits of status information collected into the Status
Transposer. This data can then be stored as 13-bit fields in memory from which status information can
be computed.

[~ Conditional operation of the SPRINT chip works as follows:

The bit controlling whether an operation is selected or deselected is the N’th bit of the SPRINT Condi-
tion Register, where N is the current value of the transposer pointer for the transposer being accessed.

| On Float Bus transposer reads (data transferred from SPRINT transposer to FPU), the data transferred
will be taken instead from the Bypass Register if the condition bit is O (deselected).

On Float Bus transposer writes (data transfer from the Float Bus to transposer i), if the condition bit is
| 0, the data will be taken instead from the companion of transposer i. The companion to transposer A is
| transposer C (and vice versa); the companion to transposer B is transposer D (and vice versa) if tran-
sposer D exists on the given revision of the SPRINT chip. As a result, whenever transferring data from
the FPU to a transposer, the transposer pointers of the destination transposer and its companion are
advanced together. Both transposer pointers are advanced, even when conditional operation is disabled
(i.e. after a CMIS-FPU-ALWAYS instruction).

2.4. The FPU (WTL3132 or WTL3164)

Your machine may have one of two available Floating Point Units (FPUs), or it may have no FPU at
all, If you do not have an FPU, the CMIS instructions having names CMIS-FPU-xxx-DYN[AMIC] or
CMIS-FPU-STATIC-xxx cannot be used. Instructions that use the SPRINT chip only may be used
without any change in functionality.

If .your system has an FPU, the chip used is either the Weitek WTL3132 or the Weitek WTL3164.
Before programming either FPU, you should read the Weitek manual for the chip you have (supplied
with the CMIS documentation). These manuals are complete, though you will have to read them care-
fully as they contain a great deal of information. You should also consult the examples at the end of
this manual to see the basic techniques for programming the two FPU’s.

The WTL3132 is capable of only single precision. It performs ADD, SUBTRACT, and MULTIPLY
operations which are compliant with TEEE Standard 754. Divide is possible on this chip through use of
an on-chip inverse seed table which gives an initial 7-bit approximation from which an inverse can be
obtained by two iterations of Newton-Raphson algorithm. The chip is capable of an operation every
three cycles, and can be pipelined to start a new operation on every cycle. A MULTIPLY/ADD opera-
tion is also available (3 cycles) but does not round correctly between the multiply and the add, so can
give answers off by as much as two LSBs.

The WTL3164 is fully IEEE compliant and includes the DIVIDE and SQUARE ROOT operations.
Operations are also included to convert between single precision, double-precision and 32-bit integer
formats. For integers, add, subtract, multiply, and several logical operations are also provided. The chip
has separate ADD and MULTIPLY pipes, and operations can be chained to get IEEE-compliant
MULTIPLY/ADD operations.

Both chips have on-chip register files having 32 general registers and sufficient temporary registers to
perform accumulating polynomial evaluations at full chip bandwidth.

Instructions_are given to the FPU’s in two halves. The first half is a Static Instruction, which
roughly specifies the function to be performed. The second half is a 24-bit Dynamic Instruction, which
specifies the source operand and destination registers. Execution of the Dynamic Instruction causes an
operation to be started on the chip. It is common to execute N of the same operation (e.g. ADD) by
issuing one Static Instruction followed by N Dynamic Instructions.

The FPU’s read and write external data across a single 32-bit data bus which is connected to the
SPRINT chip. Double precision numbers on the WTL3164 must be passed in two cycles. It is possible
to pass a value across the data bus and simultaneously start an operation using that value as input. This
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is called Input Bypass, and is controlled differently on the two chips.
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3. Registers
CMIS uses the registers defined by the IMP mechanism. In particular, it uses:
Register Usage

%A1 through %A12 General data registers
%P1 though %P4 Field addresses (physical)
%]11 though %14 Increments (strides)
%V Vector length
%C1 through %C4 Counters

%{CAR,TST,OFL,CTX}-BASE  Flag Base Registers
% (CAR,TST,OFL,CTX]}-INC Flag Increment Registers

4. Instruction Set
The following sections describe the CMIS instructions that are available.

Unless specified otherwise, all instructions are unconditional. Conditionalization is not a part of the
CMIS model. Rather, the mechanisms for controlling conditionalization are provided by CMIS instruc-
tions. For example, floating point operations, conditionalized by the SPRINT Configuration RUG con-
tents, are controlled by the CMIS-FPU-ALWAYS and CMIS-FPU-CONDITIONAL instructions which
setup this register.

Some examples of the argument constructor functions are given to help explain the usage of certain of
the macroinstructions. You should consult the appropriate IMP Tools manual (Common Lisp or UNIX)
for full definitions of the constructor functions and their syntax in the language you are using. LISP
syntax is shown in this manual.

4.1. CM Chip Operations

The following macroinstructions do the basic sequences for controlling the CM Beta chip itself. Gen-
erally, addresses are taken from the pointer registers (%Pn). The current version of CMIS supports only
those cycles which support integer arithmetic, as described at the beginning of this manual under "CM2
Architecture”.

4.1.1, CMIS-({LOAD,STORE)-FLAGS-{COND,ALWAYS}-{names}

These macroinstructions provide the ability to transfer CM flags to or from CM memory.. The -LOAD
instructions transfer the memory bits whose locations are contained in the Flag Base Registers for the
selected flags into the physical flag latches in the CM2 chip. For example, loading the TEST flag is
done by transferring the bit from the memory location addressed by the %TST-BASE register to the
physical TEST flag latch.

The STORE instructions do the opposite in that they transfer the bits in the specified physical flag
latches out to the memory bits addressed by the corresponding Flag Base Registers.

Names is any of the 16 combinations of flag names CAR, TST, OFL, and CTX, in that order, separated
by dashes. For example, to read flags Carry and Overflow conditionally, use the instruction CMIS-
LOAD-FLAGS-COND-CAR-OFL. Name combinations not in the correct order (for example CMIS-
LOAD-FLAGS-COND-OFL-CAR) are not allowed.

The -COND versions work conditionally on the context flag (before being loaded), the -~-ALWAYS- ver-
sions transfer the flag data unconditionally.
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4.12. CMIS-LA

A single LOADA cycle is performed. %P1 contains the address of the memory location used to load
the A and C latches. The inline arguments are formatted as follows:

Argument 1: | | LOADA Instruction }

The argument can be constructed using the IMPASS argument constructor loada-instr as follows (first
arg shown is default):

(loada-instr
:carry-func ":f
:read-flag (:ZERO-FLAG,:OVERFLOW-FLAG.,...}
:bsel {nil,t}
:pmode {:ecc,:parity}
:beta-instr-parity {0,1})

4,13. CMIS-LB

A single LOADB cycle is performed. %P2 contains the address used to load the B latch from memory.
The inline arguments are formatted as follows:

Argument 1: | | LOADB Instruction |

The argument can be constructed using the IMPASS argument constructor loadb-instr as follows (first
arg shown is default):

(loadb-instr
:sum-func ':a
:condition-flag {:CONTEXT-FLAG, TEST-FLAG,...}
:condition-invert (nil,t)
:;pmode {:ecc,:parity)
:beta-instr-parity {0,1})

4.14. CMIS-STORE

A single STORE cycle is performed. %P1 contains the address of the memory location used to STORE
the current ALU function result (or C latch if conditionalization is enabled). The inline argument is for-
matted as follows:

Argument 1: | | STORE Instruction |

The argument can be constructed using the IMPASS argument constructor store-instr as follows (first
arg shown is default):

(store-instr
:cube 0
:edge (nil,t}
:write-flag (:SINK-FLAG,.OVERFLOW-FLAG,...}
:pmode (:ecc,:parity}
:beta-instr-parity (0,1])
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4.1.5. CMIS-LAS

A LOADA/STORE sequence is performed. %P1 contains the address used as the A and STORE
address. The inline argument is constructed as follows:

Argument 1: | STORE Instruction | LOADA Instruction |

The argument can be constructed using the IMPASS argument constructor las-arg as follows (first arg
shown is default):
(las-arg

:carry-func ":f

:read-flag :ZERO-FLAG

:bsel (nil,t}

:cube 0

redge (nil,t)

:write-flag (:SINK-FLAG,:OVERFLOW-FLAG....}

:pmode {:ecc,:parity}

:beta-instr-parity {0,1})

4.1.6. CMIS-LAS-({INC,DEC}

These instructions are the same as CMIS-LAS except that they post increment or post decrement the
pointer register %P1.

4.1.7. CMIS-LAS-{UP,DOWN}-%C(1-4)

The sequence LOADA, STORE is performed a counted number of times with the %P1 register post-
incremented (or post-decremented) after each repetition. In-line arguments are formatted as in CMIS-
LAS. %Cn contains the loop count (field size) and is not altered by the instruction.

4.1.8. CMIS-LBS

A LOADB/STORE sequence is performed. %P2 contains the address used as the B address, and %P1
contains the STORE address. The inline argument is constructed as follows:

Argument 1: [ STORE Instruction ] LOADB Instruction |

The argument can be constructed using the IMPASS argument constructor Ibs-arg as follows (first arg
shown is default):

(Ibs-arg :sum-func :a
:condition-flag :CONTEXT-FLAG
:condition-invert (nil,t]
:cube 0
:edge (nil,t}
:write-flag (:SINK-FLAG,...}
:pmode {:ecc,:parity)
:beta-instr-parity {0,1})

4.1.9. CMIS-LBS-{INC,DEC])

These instructions are the same as CMIS-LBS except that they post increment or post decrement the
pointer registers %P1 and %P2.
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4.1.10. CMIS-LBS-{UP,DOWN}-%C(1-4)

The sequence LOADA, STORE is performed a counted number of times with the %P1 and %P2 regis-
ters each post-incremented (or post-decremented) after each repetition. In-line arguments are formatted
as in CMIS-LBS. %Cn contains the loop count (field size) and is not altered by the instruction.

4.1.11. CMIS-LLS
This instruction executes a LOADB/LOADA/STORE sequence. The contents of %P1 are used as the A
and STORE address. The contents of %P2 are used as the B address. Both %Pl and %P2 are

unaffected by this operation. The instructions are taken from the inline arguments in the following for-
mat:

Argument 1: LOADA Instruction LOADB Instruction
Argument 2: STORE Instruction

IMPASS argument constructors are provided for building the combined arguments. IMPASS/LISP syn-
tax is as follows:

(lls-args :sum-func ":a
:condition-flag (:CONTEXT-FLAG....]
:condition-invert {nil;t}
:carry-func ":f
:read-flag (:ZERO-FLAG,...}
:bsel {nil,t)

:cube 0

:edge (nil,t}

:write-flag {:SINK-FLAG,...}
:pmode (:ecc,:parity)
:beta-instr-parity {0,1})

For example, and ADD-WITH-CARRY is implemented with the LLS sequence:
LISP:
(lls-args
:sum-func ’(xor :a :b :f)
:carry-func "(majority :a :b :f)
:read-flag :carry-flag
:write-flag :carry-flag)

C (impass):

lls_args sum_func=A"B°F, carry_func=(A+B)>>1, read_flag=carry_flag, write_flag=carry flag

Note: The XOR and MAJORITY functions are provided in the IMP package (they are not common
LISP).

4.1.12, CMIS-LLS-{INC,DEC}

These instructions are the same as LLS except that the %P1 and %P2 registers are incremented or
decremented by one following the operation.
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