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[57] ABSTRACT 

In a master-slave multiprocessor (FIG. I), a slave pro­
cessor (110) includes a random access memory array 
(119) that serves at initialization time as the slave pro­
cessor's boot memory and that serves during normal 
operation time as the slave processor's cache memory. 
A master processor (120) writes the slave processor's 
boot program into the memory array when the memory 
array is to serve as the boot memory, i.e., following 
system reset. 

2 Claims, 2 Drawing Sheets 
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2 
memory device. Elimination of extra memory devices 
beneficially lowers system cost and reduces the circuit 
board area occupied by memory devices. 

MULTI-PURPOSE CACHE MEMORY 
SELECTIVELY ADDRESSABLE EITHER AS A 
BOOT MEMORY OR AS A CACHE MEMORY 

TECHNICAL FIELD 

The invention relates to processors in general and to 
memories of data processors in particular. 

These and other advantages and features of the pres­
s ent invention will become apparent from the following 

description of an illustrative embodiment of the inven­
tion taken together with the drawing. 

BACKGROUND OF THE INVENTION 10 

Today's typical processor includes special purpose 
memories provided to enhance ease of use and perfor­
mance of the processor. Included among these memo­
ries are a boot memory-typically a read only memory 
(ROM)-that stores a boot program whose execution 15 
by the processor's central processing unit (CPU) upon 
system power-up or reset automatically initializes the 
CPU, and a cache memory-implemented as a random 
access memory (RAM)-that serves during normal 
processor operation as a high-speed buffer for informa- 20 
tion-illustratively either or both data and instruction­
s-passing between the CPU and the processor's main 
on-line memory. 

Storage devices used to implement such memories 
add to the cost of the processor, and also occupy valu- 25 
able circuit board space. The latter is especially a seri-
ous consideration in the case of single-board processors, 
where a whole processor is implemented on a single 
circuit board. In such processors, providing of such 
special-purpose memories may potentially be done only 30 
at the sacrifice of some other processor capabilities, 
because circuit board space may not be available for 
circuitry needed to implement both. 

Accordingly, it is a problem in the prior art to pro­
vide special-purpose memory functions in a processor 35 
with the minimum number of memory devices so as to 
minimize processor cost and to occupy minimum circuit 
board space. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram of a processing system that 
includes an illustrative embodiment of the invention; 
and 

FIG. 2 flowcharts relevant portions of initializing 
operations of the master processor of FIG. 1. 

DETAILED DESCRIPTION 

FIG. 1 shows a multiprocessor system. Illustratively, 
this system is the 3B2/600 computer of AT&T ex­
panded into a master-slave multiprocessor configura­
tion by connection thereto of a second processor. The 
original processor of the 3B2/600 computer functions as 
master processor 120 of the system. The added second 
processor functions as slave processor 110. Illustra­
tively, processor 110 is substantially a duplicate of pro­
cessor 120, modified as described below. Slave proces­
sor 110 is connected to an input and output (1/0) slot of 
system bus 100 of the 3B2/600 computer. Illustratively, 
a main on-line memory 109 and an I/O subsystem 108 
such as a disk are connected to other slots of system bus 
100. Bus 100 connects units 108-110 to master processor 
120 for communication. 

System bus 100 includes an ADDRESS bus 101, a 
DAT A bus 102, BOARD SELECT lines 103, and a 
SYSTEM RESET line 104. 

Slave processor 110 includes a central processing unit 
(CPU) and memory management unit (MMU) 111. Il­
lustratively, CPU/MMU Ill comprises the WE® 
32100 microprocessor chip set. CPU/MMU 111 is con-

SUMMARY OF THE INVENTION 40 nected to ADDRESS bus 101 and DATA bus 102 
through bidirectional tri-state buffers 112 and 113, re­
spectively. DATA lines 142 connect CPU/MMU lll 
to buffer ll3 while ADDRESS lines 141 connect 
CPU/MMU Ill to buffer 112. Buffers 112 and 113 are 

The invention is directed to solving these and other 
problems of the prior art. According to the invention, 
there is provided a memory that serves as different 
special-purpose memories at different times. A control 
arrangement causes the memory at one time to serve a 45 
first function exclusive of a second function, and at 
another time to serve the second function exclusive of 
the first function. Specifically, an apparatus such as a 
processor includes a processing unit, a memory coupled 
to the processing unit, and an arrangement coupled to SO 
the memory for selectively causing the memory: (a) to 
store at one time a boot program for execution by the 
processing unit at initialization, and (b) to buffer at 
another time information passing between the process-
ing unit and another memory during normal operation. 55 
The memory is thus caused to selectively serve as either 
a boot memory or a cache memory for the processing 
unit. The apparatus further includes means for effecting 
storage of the boot program in the memory when the 
memory is serving as the boot memory. Illustratively, 60 
the apparatus is a multiprocessor wherein the process-
ing unit and memory are parts of one processor and the 
means for effecting storage of the boot program in the 
memory is another processor. 

Because the memory serves different functions at 65 
different times, separate memory devices need not be 
included in the system to implement each function. 
Rather, the functions are all implemented via the same 

under control of interface controller 114, which is con­
nected to the one of the BOARD SELECT lines 103 
that is associated with slave processor 110, and to 
CPU/MMU 111 via a GRANT line 147. 

Slave processor ll0 also includes a control status 
register (CSR) lJS. CSR 115 is connected to the one 
line of BOARD SELECT lines 103 that is associated 
with slave processor ll0, and, in addition, is connected 
to SYSTEM RESET line 104, DAT A lines 142, AD­
DRESS lines 141, a RESET REQUEST line 144, a 
BUS REQUEST line 146, and a CACHEON line 148. 
Lines 144 and 146 connect CSR 115 with CPU/MMU 
111: 

Slave processor 110 further includes a static random 
access memory (SRAM) array 119. SRAM array 119 is 
connected to ADDRESS lines 141 and DAT A lines 
142. SRAM array 119 is controlled by a cache control-
ler 117 through a read and write (RW) strobe line 149. 

As the name implies, cache controller 117 typically 
causes SRAM array 119 to function as a cache memory. 
Logically, cache controller 117 is divided into two 
control portions 131 and 132, each of which is active at 
different times and each of which causes SRAM array 
119 to operate in a different mode. Control portion 132 
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causes array 119 to operate in conventional cache mem­
ory mode, as a virtual address-and-data cache memory 
for buffering information passing between CPU/MMU 
111 and main memory 109. Since operating as a conven­
tional cache, each memory location of memory is ad- 5 
dressable by any one of a plurality of addresses. Control 
portion 132 is aided by a conventional tag memory 118 
associated with array 119 and communicatively con­
nected to control portion 132. Tag memory 118 is also 
connected to ADDRESS lines 141. Control portion 131 IO 
causes array 119 to operate in "diagnostic" mode, 
wherein individual locations of array 119 may be ad­
dressed and read or written. Control portion 131 is 
aided by a conventional address decoder 116. Decoder 
116 is connected to control portion 131 by SRAM SE- 15 

LECT line 150, is connected to CSR 115 by CSR SE­
LECT line 151, and is also connected to ADDRESS 
lines 141. Selection of which one of the two control 
portions 131 and 132 is active and in control of array 
119, and hence in which mode array 119 is operating, is 20 

made by CSR 115 via a CACHEON line 148. 
Operational aspects of the system of the FIG. 1 that 

are relevant to an understanding of the invention will 
now be described in conjunction with FIG. 2. 

25 Upon system power-up or re-initialization, master 
processor 120 pulses (momentarily asserts) SYSTEM 
RESET line 104, at step 200. This action sets a RESET 
bit and a HALT bit of CSR 115. Setting of the HALT 
bit leads CSR 115 to assert BUS REQUEST line 146. 30 
Setting of the RESET bit leads CSR 115 to assert 
RESET REQUEST line 144. 

CPU/MMU 111 responds to assertion of RESET 
REQUEST line 144 by resetting slave processor 110, 
including clearing certain bits in CSR 115, in particular 35 
the RESET bit and a CACHEON bit. Clearing of the 
RESET bit and the CACHEON bit causes CSR 115 to 
deassert RESET REQUEST line 146 and CACHEON 
line 148. CPU/MMU 111 responds to the request signal 
on BUS REQUEST line 146, which indicates the high- 40 
est priority request for access to ADDRESS and 
DAT A lines 141 and 142, by asserting GRANT line 147 
and by stopping further activities. CPU/MMU 111 then 
waits for BUS REQUEST line 144 to be deasserted. 

Following its momentary assertion of SYSTEM 45 
RESET line 104, master processor 120 retrieves a boot 
program for initializing CPU/MMU 111 from either 
main memory 109 or secondary memory-disk-of 1/0 
subsystem 108, at step 201, and effects storage of the 
program in SRAM 119, at step 202. Illustratively, it so 
does so as follows. 

After it has retrieved an instruction of the boot pro­
gram from memory, master processor 120 asserts the 
line of the BOARD SELECT lines 103 that is associ­
ated with slave processor 110, places an address of the 55 
address spectrum of SRAM array 119 at which the 
instruction is to be stored on ADDRESS bus 101, and 
places the instruction on DAT A bus 102. 

Assertion of slave processor's BOARD SELECT 
line 103 while GRANT line 147 is asserted causes inter- 60 
face control 114 to open buffers 112 and 113 thereby to 
transfer the information from ADDRESS and DAT A 
buses 101 and 102 onto ADDRESS and DAT A lines 
141 and 142, respectively. Address decoder 116 exam­
ines the address appearing on ADDRESS lines 141. 65 
When it detects an address lying within the address 
spectrum of SRAM array 119, it asserts SRAM SE­
LECT line 150. 

4 
Cache control portion 131 responds to signals on 

SRAM SELECT line 1S0 while CACHEON line 148 is 
deasserted, by issuing a strobe signal to SRAM array 
119 via R/W strobe line 149. SRAM array 119 responds 
to the strobe signal by storing the instruction conveyed 
by DAT A lines 142 in the location addressed by AD­
DRESS lines 141. 

This process is repeated until master processor 120 
has stored the whole boot program in SRAM array 119. 
Master processor 120 then accesses and writes CSR 11S 
to reset the HALT bit, at step 203, in the same manner 
as it writes SRAM array 119. Address decoder 116 
recognizes the address generated by master processor 
120 as being an address of CSR 115. Address decoder 
116 therefore asserts CSR SELECT line 151 to cause 
CSR 11S to respond to the address and data appearing 
on ADDRESS lines 141 and DAT A lines 142, respec­
tively. The response of CSR 11S thereto is to reset its 
HALT bit and, consequently, to deassert BUS RE­
QUEST line 146. 

Deassertion of BUS REQUEST line 146 causes 
CPU/MMU 111 to continue its normal operation. Fol­
lowing reset, this operation involves initialization, 
which begins by execution of a boot program stored 
beginning at a single predetermined address in memory. 
This single address is set to be the SRAM array 119 
address at which the boot program begins. Accord­
ingly, CPU/MMU 111 generates an SRAM array 119 
address on ADDRESS lines 141. This single address is 
recognized as an SRAM arra~ 119 address by address 
decoder 116, which responds by asserting SRAM SE­
LECT line 150. CACHEON line 148 is still deasserted, 
so cache control portion 131 is active, and it responds to 
assertion of SRAM SELECT line 150 by issuing a 
strobe to SRAM array 119 on R/W strobe line 149. 
SRAM array 119 responds to the strobe signal by out­
putting on DAT A lines 142 the instruction stored at the 
single address appearing on ADDRESS lines 141. 
CPU/MMU 111 then receives the instruction over 
DAT A lines 142 and executes it. This cycle is repeated 
until CPU/MMU 111 completes execution of the boot 
program. Hence, SRAM array 119 serves as the boot 
memory for CPU/MMU 111. 

Having been booted, CPU/MMU 111 can now begin 
to access and execute programs from main memory 109. 
These may be further initialization programs, for exam­
ple. Upon completion of initialization, when 
CPU/MMU 111 is about to enter normal operating 
mode including virtual addressing mode, CPU/MMU 
111 sets the CACHEON bit of CSR 115. CPU/MMU 
111 accesses the CSR 115 by generating the address of 
CSR 115 on ADDRESS lines 141. The address is recog­
nized by address decoder 116, which asserts CSR SE­
LECT line 151 in response. CSR 115 responds to asser­
tion of CSR SELECT line 151 by allowing CPU/MMU 
111 a write access to CSR 115 via the ADDRESS and 
DAT A lines 141 and 142. 

CSR 115 responds to setting of the CACHEON bit 
by asserting CACHEON line 148. Assertion of CA CH­
EON line 148 disables cache control portion 131, so that 
it no longer responds to assertions by address decoder 
116 of SRAM SELECT line 150, and enables cache 
control portion 132 to control SRAM 119. As was men­
tioned above, control portion 132 causes SRAM 119 to 
function as a virtual data-and-instruction cache memory 
for CPU/MMU 111, in a conventional manner. Upon 
being enabled, control portion 132 initializes the cache 
by flushing, that is, invalidating, its contents. 
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Henceforth, the system of FlG. 1 functions conven­

tionally, until the next time that system reset line 104 is 
asserted. At that time, the operations described herein 
are repeated. 

Of course, various changes and modifications to the 5 
illustrative embodiment described above will be appar-
ent to those skilled in the art. For example, the system of 
FIG. 1 may include more than one slave processor 110. 
Or, the system may be a uniprocessor, wherein the 
multi-purpose memory of the single processor is loaded IO 
with the boot program by some other system unit, such 
as an 1/0 controller. Also, other functions, such as 
scratch memory functions, may be included among the 
functions of the multi-purpose memory. Such changes 
and modifications can be made without departing from 15 

the spirit and the scope of the invention and without 
diminishing its attendant advantages. It is therefore 
intended that such changes and modifications be cov­
ered by the following claims. 

What is claimed is: 
1. A multiprocessor system comprising: 
(A) a first processor including 

(I) a processing unit, 
(2) a cache memory arrangement comprising 

(a) a random access memory connected to the 
processing unit, and comprising a plurality of 
addressable memory locations, 

20 

25 

(b) first means coupled to the memory which, 
when activated, causes each memory location 30 
to be addressable by only one unique address, 
to function thereby as a boot memory for the 
processing unit, and 

(c) second means coupled to the memory which, 
when activated, causes each said memory lo- 35 
cation to be addressable by any one ofa plural-
ity of addresses, to function thereby as a cache 
memory for the processing unit, and 

40 

45 

50 

55 

60 

65 

(3) third means connected to the first and the sec­
ond means, for selectively activating one of the 
first and the second means while deactivating the 
other of the first and the second means; and 

(B) a second processor for causing the third means to 
activate the first means and for effecting retrieval 
of a boot program from a storage means external to 
the first processor and for effecting storage in the 
random access memory of said boot program for 
use by the processing unit. 

2. A method of operating a multiprocessor system 
which includes a first processor and a cache memory 
arrangement having a random access memory con­
nected to the processor unit, said memory coupled to 
first and second means and having a plurality of ad­
dressable memory locations, said method comprising: 

a first step of activating a first means which controls 
the memory to operate in a first mode, in said first 
mode each memory location of said memory being 
addressable by only one unique address and 
thereby functioning as a boot memory for the pro­
cessor unit, 

a second step of activating a second means which 
controls the memory to operate in a second mode, 
in said second mode each memory location of said 
memory being addressable by any one of a plurality 
of addresses for each location and thereby func­
tioning as a cache memory for the processor unit, 

a step of selectively operating one of said steps of 
activating which results in the exclusive operation 
of one of the first and second modes, and 

a third step carried out by a second processor using 
said selectively operating step to activate said first 
means and store a boot program, which has been 
retrieved from a storage means external to the first 
processor, in said second memory for use by said 
first processor. 

• • • • • 
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