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VLIW COMPUTER KIDOCH USING 5 PORT
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This paper describes the architecture of a VLIW computer, KIDOCH
IV, with a two-port data memory unit using 5-port register files. The
two-port data memory with a 4 GB addressing space is managed by the
two data memory management units using the two 5-port register files and
two 64 page data cache memory units. The outputs also have the informa-
tion whether or not the write access was performed through a different
data memory port. This allows an easy implementation of a C compiler
supporting two-port data memory.



1. Introduction

This paper describes the outline
of a VLIW computer KIDOCH IV,
which is designed to improve on the
architecture of KIDOCH IIL[1]
KIDOCH IV is composed of 15
operation units, a program control
unit (PCU), a program memory
management unit (PMMU), a pro-
gram cache memory unit (PMU: 64
kW/256bits), two address genera-
tors (IALUa and IALUD) for data
memory units (DMUa and DMUD),
two data memory management
units -(DMMUa and DMMUD), two
cache data memory units (DMUa
and DMUb: 64 kW/32bits), one
floating point/integer ALU
(FALU), one floating point/integer
operation unit (FPU), a condition
code selector for condition jump
(CCS), two data bus output selec-
tors (BOS), an immediate data gen-
erator (IMM), and an interrupt con-

troller (IRTC). They are intercon-
nected via two 32bit wide data
buses. Most of these operation units
are tightly coupled with 5-port
register files. The register files are
used mainly as a temporary data
storage. The register files are also
used as a PMMU, DMMUa and
DMMUD, by which 4 GW address-
ing space is supported. Further-
more. the register files are used as
write access indicators, whereby an
easy implementation of a C com-
piler, which supports two-port data
memory, is achieved.

2. System overview

Figure 1 shows the block
diagram of VLIW  computer
KIDOCH IV. 15 operation units

operate simultaneously with 256 bit

wide program cache memory
(PMU), and are interconnected via
two 32bits wide data buses.

KIDOCH 1is connected to a host
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computer (a UNIX workstation) via
VME bus. KIDOCH has only cache
memories; one program memory
cache of 64 kW/ 256bits (PMU)
and two data memory caches of 64
kW/32bits (DMUa and DMUD).

In case of a cache miss, KIDOCH
interrupts the host computer and
stops. Then, the host computer
changes the contents of the cache
memory of the KIDOCH, and
makes KIDOCH continue the pro-
cessing. The cycle time of KIDOCH
is 37.5 ns when data cache memory
access is performed. Otherwise, it
is 25 ns.

2.1. Operation unit and the regis-
ter file

Figure 2 shows the block
diagram of the FALU. 5-port regis-
ter receives a loop-back data from
FALU through an internal port B
and two independent sets of data
from other operation units through
two input ports A and E, and
transmits one data to other opera-
tion units through port E. It also
transmits two independent sets of
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data to the FALU through the
ports C and D. The same register
file is provided for FPU, DMUa and
DMUb. Therefore, the data transfer
capacity of KIDOCH is twice com-
pared to that in conventional com-
puter systems.

2.2. Two-port data memory unit

Figure 3 shows the schematic
view of two-port data memory unit.
Two independent logical data
memory addresses (A31-A0, B31-
B0) are provided by the two integer
ALU (IALUa and IALUb). Two
independent data memory manage-
ment units (DMMUa and DMMUb)
support 4 GW/32bits memory
space. Two data cache memory
units (DMUa and DMUb) are
managed by  direct mapping
method. They are divided into 64
page/1kW. When data memory
access starts through port A, the
logical  address A15-A10  are
transferred to the data memory
management unit (DMMUa), and
the output of the data management
unit, MAI15-MAO, are compared
with the latched logical address
LA31-LA16. In case LA31-LA16
are the same as MA31-MA16, and
the valid flag is on, the memory
access continues, that is, the con-
tent of the data cache memory
(DMUa) is transferred to the data
bus. Otherwise, KIDOCH asks the
host computer via an interrupt to
change the contents of the data

Fig. 2 Operation unit (FALU) with a S-port register file.
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Fig. 3 Data memory management units (DMMUa and DMMUD) with 5-port register files.

cache memory. The other two 5-
port register files are used to indi-
cate whether or not memory write
access was performed through the
other memory port. That is, the
logical addresses A15-Al10 (port A)
and B15-B10 (port B) are provided
to the two register files. When
write access is going to be per-
formed through port A, the output
addresses MA15-MAO of DMMUa
and MB15-MB0 of DMMUDb are
compared. If both valid flags of
DMMUa and DMMUD are on and
the addresses are the same, the
write access flag is set in DMMUDb.
When a read access is going to be

performed through port B and the
write access flag is on, KIDOCH
asks the host computer via an inter-
rupt to change the contents of the
data cache memory. This architec-
ture provides us with an easy imple-
mentation of a C compiler, support-
ing the two-port memory. A very
similar memory management unit is
used for the program memory unit

(PMMU), which offers 4
GW/256bits memory addressing
space.

3. C compiler supporting the two-
port data memory

We have already developed a C



compiler for the VLIW computer
- KIDOCH III. It covers the full set
of standard C plus some extensions
such as complex data type. Loop
unrolling technique is also
supported in the optimization. Fig-
ure 4 shows a sample C program,
and Fig. 5 shows the assembler out-
put of KIDOCH with the two-port
memory using loop unrolling tech-
nique. The number N of steps for
KIDOCH IV without the loop-
unrolling technique is expressed as

N=8M,M>1 (1)

The number N; of steps for
KIDOCH IV without the two-port
memory (with a one-port memory)
using the loop-unrolling technique is
expressed as

N,=6+3M,M>1 (2)

The number N, of steps for
KIDOCH IV with the two-port
memory using the loop-unrolling
technique is expressed as

Ny=6+2M,M>1 (3)

where M is the number of multipli-
cations in the loop. If M is suffi-
ciently large, N,/M=~ 2, and
N;/M~ 3 respectively since it
requires 3M memory accesses for
one multiplication. This means that
KIDOCH IV with the two-port
memory is 1.5 times faster than
that without the two port memory.

float a[1000], b[1000], c[1000];
main ()
{

int i;

for (i=0;i<1000;i++)

clil=alil*b[i];

Fig. 4 C sample program.

4. Conclusion

This paper describes the archi-
tecture of the VLIW computer
KIDOCH, which has 15 operation

units.  Since it has two-port
memory (two independent data
cache memory wunits and data

memory management units), the
data transfer capacity is twice com-
pared to that in a conventional
computer. The data write access
flag offers an easy implementation
of a C compiler effectively support-
ing the two-port memory unit.
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