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AUXILIARY STORAGE FOR USE IN THE SYSTEM

SEIKO EPSON CORPORATION

_ Background .of the Imvention

This invention relates generally to an information prdcessing Sys-
tem of a relatively. small size such as a personal computer, and more
particularly to an information processing system having a compact
and high speed auxiliary storage for storing data and progr:ims.

A conventional information processing system is generally cohfig-
ured as shown in .Fig. 14. Such a system comprises a central process-
ing unit (CPU) 1 which is a heart of the system. CPU 1 iS connected
through system bus 26 to main storage 2 in which programs and
data transferred from the auxiliarj/ storage and intermediate results
of programs being executed are stored, read-only memory (ROM) 3
which stores a basic input/output system (BIOS), keyboard 4 which
functions as an input device to the system, display 5 which functions
as an ourput device, a hard disk 6 and a floppy disk 7 which function
as an auxiliary storage to store programs and data.

When pbwer is t-urned on to the system, the system is resét and
initialized and CPU 1 executes an initial load program (ILP) stored in
BIOS ROM 3 to transfer the progrims from hard disk 6 or the floppy
disk 7 to rﬁain storage 2. Thereafter, CPU 1 executes the programs
transferred to main storage 2 to accomplish the objectives of the
programs. ' '

The magnetic storage such as hard disk 6 or floppy disk 7 which
are employed as the auxiliary storage has a limit in its possible size

reduction, weight reduction and power consumption reduction. As a
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result, the presence of the magnetic storage imparts a large restric-
tion to the realization of a compact information system featuring ac-

tual portability.

Since the prior art floppy disk drive or the hard disk drive in-.

cludes a mechanical rotary portion and a mechanical -operation for
moving a read/write head relative to a magnetic medium, access
time can be necessarily long and the operation of the drive slow.
Further, the mechanical operation involved during the access opera-
tion is noisy.

Beside the forgoing disadvantages, it is known that the magnetic
storage is relatively Weak with respect tb a strong magnetic field and
a high temperature and humidity environment.

In order to avoid the praoblems encountered in the magnetic stor-
age, attempts have been made to use a semiconductor storage by
following two different approaches. In the first approach, an appli-
cation program, i.e., a data processing program which allows a user to

visually interact with the program and confirm a result, switches

banks of the semiconductor auxiliary storage and access is accom- .

plished to the semiconductor auxiliary storage which is deemed as a
part of tthe main s:orage of the system. In the second approach, the
access .is made through a device drive program, i.e., a device driver,
as a specific auxiliary storage and functions as a part of the operating
system (O3). '

However, in the first approach, an application program is designed
to have a high dependency to particular type and kind of memory
employed. An existing application program - is usually created and

prepared on the assumption that a hard disk or a floppy disk is em-
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ployed as an .auxiliary storage. Thus, it is necessary to modify the
application program so that it may be employed with the semicon-
ductor auxiliary- storage.

In the second approach, after the device driver is actuated, the
semiconductor storage device is set in its activated condition. A
BOOT program is stored in a semiconductor device and the main body
of software cannot'Be set up on an active condition. Then, it is not
possible to store the OS itself in the semiconductor auxiliary storagé,
and it is not possible to incorporate a medium copy program, i.e.,
copied into such a storage, or from a floppy disk to floppy disk and,
further, is dependent on a BIOS which has a high dependency on the
0S.

It is an object of the present invention to solve the above men-
tioned problems.

It is another object of this invention to provide a compact, light
weight, highly reliable and high speed information processiﬁg system
while permitting the utilization of the existing software applications
and programs created and written as targeted for use with particular
conventional memory means, such as a floppy disk memory or a
hard disk memory.

| Summary of .the Invention

According to this invention, a information processing system of
the present invention employes a semiconductor auxiliary storage as-
an- auxiliary storage. A basic inpui/omput program stored in the
main body of the system accesses the semiconductor auxiliary stor-
-age when it receives an address request for a magnetic auxiliary

storage or memory means, which request originates from the execu-
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tion of a host _program. The accessing is accomplished by translating
an address for the magnetic storage into an address for the semicon-

ductor auxiliary storage. The address translation is accomplished by

“utilizing ID information for the magnetic storage which has previ-

ously been written into the semiconduc't_of auxiliary storage. The
basic’ input/output program converts the access request for the mag-
netic storage from an application software or a disk operating system
(DOS) to an access request for the semiconductor auxiliary storage
and executes the request. An address for the semiconductof_ auxil-
iary storage is obtained by reading out the corresponding ID infor-
mation based on the address for the magnetic storage and putting
the ID information and the address for the magnetic storage into a
predetermined mathematical formula.

It is preferred that the semiconductor auxiliary storage contains
both a read-oniy siorage and a erase/write storage capacity and that
the information processing system include means for copying a por-
tion of the content of the read-only storage of the semiconductor
auxiliary storage into the erase/write storage. When an access is
made to the semiconductor auxiliary storage having the portion of
the content of the read-only storage copied into the erase/write stor-
age, it xs preferred that the information processing system includes
means for translating physical addreSs of a source area to a physical
address of a target area. When the portion of the content of the
read-only storage of the semiconductor auxiliary storage has been
copied into the erase/write storage and an access request is issued to
the source area, the access is made by employfng a sum .of the ad-

dress and a value determined by the capacity of the copied into area
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as a physical address. In this manner, the access is made to the tar-
get area. - Further, when an access is made to the semiconductor
auxiliary storage, means may be provided for determining whether
the semiconductor auxiliary storage is to be handled as a floppy disk
type magnetic storage or a hard disk type magnetic storage based on
a determination of the capacity of the semiconductor auxiliary stor-
age.

It is preferable that the semiconductor auxiliary storage be con-
structed for easy removable mounting in the information processing
system. |

Other objects and attainments together with "a fuller understand-
ing of the invention will become apparent and nppreciatéd by refer-
ring to the following desdriptio_n and claims taken in conjunction with
the accompanying drawings.
| Brief Description of the Drawings

Fig. 1 is a block diagram of one embodiment of an information
processing system comprising the present invention.

Fig. 2 is a block diagram.of an internal configuration of a semicon-
ductor auxiliary storage. employed relative to this invention.

Fig. 3 is a store status. of capacity information by memory type in
a coantrol register.

Fig. 4 is a hierarchy block diagram of the system configuration for
the embodiment shown in Fig. 1.

Fig. 5 is a flow chart of read and write processes of the BIOS to a
software interrupt INT1Hy from the DOS.

Fig. 6 is a store status of ID information.

Fig. 7 is a memory space of the semiconductor auxiliary storage.
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Fig. 8 is a flow chart of read and write processes of the BIdS to the
software .in"terrupt INTIBy from the DOS for selecting a processing
procedure based on the capacity of the semiconductor auxiliary stor-
age. “ | '

Fig. 9 is a flow chart of a process for determining a- capacity for
each memory type of semiconductor auxiliary storage. |

Fig. 10 is a rel:itionship among a data format, a memory type and
a logical address in the memory space of semiconductor’ auxiliary
storage.

Fig. 11 is a flow chart of a copy process.

Fig. 12 is a flow chart of a tr:mslatiém process from a logical ad-
dress to a physical address.

Fig. 13 is a flow chart of a format track process.

Fig. 14 is a block'diagram of a prior art information processing
system.

Description of the Preferred Embodiments

Referring now to Fig. 1 there is s.hown information processing
system | of this invention comprising CPU 1A, main storage 2, BIOS
ROM 3, keyboard 4, display 5, semiconductor storage 9, expansion
floppy disk 10 and exbansion hard disk 11 all coanected to system
bus 26. Main storage 2 and BIOS ROM 3 are sometimes referred to
collectively .as the main storage of system 1 but they are Sepamtely
reterred herein.

CPU 1, main storage 2, keyboard 4, and display 5 are xdenucal to
those employad in the conventional qurmau_c’m processing system
shown in Fig. 14. A physical structure of BIOS ROM 3 is also identical

to a conventional BIOS but the content of a program stored therein is
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different in part because of the necessity to drive and control semi-
conductor auxiliary storage 9 instead of hard disk 6 and floppy disk
7 in the conventional system. Expansion floppy disk 10 and expan-
sion hard disk 11 may be added as required in order to Support the
operation of semiconductor auxiliary storage 9. For example, these
expansion disks may be added when semiconductor auxiliary storage
9 is not sufficient alone for fhe memory capacity necessary for auxil-
iary storage. On the other hand, these expansion disks are not al-
ways necessary.

Fig. 2 is a block diagram of an internal configuration of semicon-
ductor auxiliary storage 9. Semiconductor auxiliary storage 9 com-
prises memory circuit 21 including a semiconductor integrated cir-
cuit, data register 22, address register 23 and control register 24.
Memory circuit 21 contains two types of memories: a read-only
memory (ROM) and an erase/write memory (RAM). Semiconductor
auxiliary storage 9 is physically supported on a structure generally
referred to as an IC card. It has a card-like plate structure, and
when it is plugged into connector 25 to system bus 26, electrical con-
nection is, made to.system bus 26. In Fig. 2, only one semiconductor
auxiliary. storage 9 is illustrated for purposes of simplification but a
plurality ~of such storagé structures are usually provided so that a

large amount of data may be stored among semiconductor auxiliary

storages or separate semiconductor auxiliary storages are employed

for storing software programs as well as for storing data.

"The functional operation of storage 9 is generally as follows.

Address register 23 designates an address in memory circuit 21. A,

start address for access by CPU b to memory circuit 21 is set by CPU .
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1 into address register 23 through system bus (I/O bus) 26. After
the start address has been set in address register 23, data 'is written
into data register 22 and the data is automatically written into that
address in memory circuit 21. When the data is written into data
register 22, address register 23 is automatically incremented so that
data can be written into the next address. Similarly, when the start
address is set in address register 23 and data is read from data
register 22, the data is automatically read from that address of
memory circuit 21. When the data is read, address register 23 is
automatically incremented and data can be read out from the next
address.

Control register 24 stores an identification code or device infor-
mation indicative of the memory type of semiconductor auxiliary
storage 9. Fig. 3 shows a store status in control register 24 of the
memory capacity by memory type which is a porti.on of the device
information of semiconductor auxiliary storage 9. Fig. 3A shows a
type register which indicates the memory type of memory circuit 21.
When bit 0 (MKO) of the register is "1", this indicates that the mem-
ory type of memory circuit 21 is a RAM. Similarly, bit 1 (MK!) indi-
cates a mask ROM, bit 2 (MK2) indicates a P-ROM, and bit 3 (MK3)
indicates 2n EEPROM.

Fig. 3B shows a capa‘city register which indicates the erase/write"
memory capacity of memory circuit 21. When the bit 0 (WCO) of the
register is “1", this indicates that tﬁe erase/write capacity is 64 kilo
bytes (KB). Simi!arly, bit 1 (WC1) indicates 128 KB, bit 2 (WC2) indi-
cates 256 KB, bit 3 (WC3) indicates 512 KB, bit 4 (WC4) indicates 1

o
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MB, bit 5 (WC5) indicates 2 MB, bit 6 (WC6) indicates 4 MB, and bit 7
(WC7) indicates 8 MB. |

Fig. 3C shows a capacity register which indicates the read-only
memory (ROM) capacuy of memory circuit 21. When bit 0 (VC0) of
the register is "1, this indicates that the ROM capacity is 64 KB.
Similarly, bit 1 (UC1) indicates 128 KB, bit 2 (UC2) indicates 256 KB,
bit 3 (UC3) indicnfes_S 12 KB, bit 4 (UC4) indicates 1 MB, bit 5 (UCS)
indicates 2 MB, bit 6 (UC6) indicates 4. MB, and bit 7 (UC7) indicates 8
MB. The contents of those registers are detected by reading out a
specific I/O port address of the information processing system 1 and
the memory type and the memory capﬁcity of semiconductor auxil-
iary storage 9 which is chrréntly loaded can be determined based on
the contents of these registers.
 As pre'viously indicated, semiconductor auxiliary storage 9 is re-
movably mounted onto system bus 26 through connector 25. Storage
9, therefore, may be exchanged for use relative to each program or .
data stored in stofage 9 as in the case of a conventional floppy disk.
Since storage 9 is of a card shape by utilizing semiconductor inte-
grated circuits for memory stofage, it is easy to transport and handle.
Since 2 ROM is ,used'entirely or partially in memory circuit 21, one
software’ may be copied in volume as compared to one-to-one copy’
in the case of a floppy disk. Accordingly, this approach 'is. effective
for the distribution of the software.

The operation of information processing system 1 of the present
embodiment will now be explained.

ng. 4 shows a hierarchy block diagram of the system configura-

tion of the system | relative to operation in a file access mode.
Yy 5 ,
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Application software 41 exists at the top lével of hierarchy. Next is
disk operating system (DOS) 42 which handles software interruptions
due to file "input/output requests from application software 41.
Below  DOS 42 is a basic input/output system (BIOS) 43 which is
firmware that coatrols the lower level input/output operations rela-
tive to operation of ‘hardware 44. The general configuration of
hardware 44 is shown in Fig. 1. CPU 1 may, for example, be an Intel
16 bit microprocessor 8086. DOS 42 may be Microsoft MS-DOS. BIOS
43 may be one of the input/output systems of the disk requested bf{
the software interrupt INT1B; from DOS 42. BIOS 43 is stored in
BIOS ROM 3 together with an IPL and it operates under the control of
CPU 1. DOS 42 ﬁnd application software 41 are generally stored in
~semiconductor auxiliary storage 9 and they are transferred to main
storage 2 and executed by CPU 1. DOS 42 may be stored in BIOS ROM
3. |

When the information processing syste\;n shown in Fig. 1 s
started, CPU 1 executes the IPL stored in BIOS ROM 3 and transfers
DOS 42 stored in semiconductor auxiliary storage 9 to main storage 2.
Then, CPU’ 1 transfers application software 41 stored in semiconduc-
tor auxiljary storage 9 to main storage 2 and the "application software
is execu't'édk under the control of DOS 42.

Applicatidn software 41 and DOS 42 are prepared on the assump-
tion that the magnetic storage, such as the floppy disk or the hard
disk, is employed as auxiliary storage; Accordingly, BIOS 43 is re-
que#ted by DOS 42 or application software 41 to access the floppy
disk or the hard di§k. However, BIOS 43 converts the access request

for the magnetic storage to an access request for semiconductbr
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auxiliary storage 9 in the following manner. Accordingly, DOS 42 and
application software 41 see the auxiliary storage as the magnetic
storage but, in .fact, is semiconductor auxiliary storage 9. In dther
words, in the present system, semiconductor auxiliary storage 9 is
treated as if it is the magnetic storage 61' memory means. A§ a re;
sult, information processing system 1 can make use of existing aﬁpli-
cation software without any need or requirement of changing the
content thereof including any necessary adaptation to interface with
semicoﬁduCtor auxiliary storage O.

Fig. 5 is a flow chart of the read and write processes of BIOS 43
for the software interrupt INT1By from DOS 42. When application
software 41 issues a file input/output request to DOS 42, DOS 42 de-
termines a drive associated with that file and issues the software
interrupt, INTIB,, to BIOS 43. DOS 42 requests BIOS 43 for access to
either the floppy disk or the hard disk. BIOS 43 determines the
drive associated with the request (step 101), i.e., it determines a
drive number and determines if the request is to semiconductor
auxiliary storage 9, which is treated as if it were the floppy disk or
the hard disk, or to- expansion floppy disk 10 or to expansion hard
disk 11.: If the request is access to expansion floppy disk IO or ex-
pansion'.har'd' disk ll,. the normal read/write process for the software
interrupt INTI1B, is carried (step 106). If the request is access to
semiconductor :iuxiliary storage 9, the content of the ID information
stored in semiconductor auxiliary storage 9 is examined to determine
if the correct ID information has been formatted (step 102). The ID
information is track ID information which would normally be written

in a magnetic auxiliary storage or memory means. It is the informa-
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tion neces'sary- for BIOS 43 to translate the disk address to an address
in semiconductor auxiliary storage 9. If the ID information has not
been formatted, the address translation cannot be carried out and an
error process is carried out (step 105). " The ID information will be
explained in cietail later. If the ID information has been correctly
formatted, the disk address (cylinder number, surface number and
sector number) is translated into an address in semiconductor auxil-
lary storage 9 based on the content of the ID information stored in
sémiconductor auxiliary storage 9 (step 103) and an input/output
‘process is carried out (step 104). The address translation in the step
103 will be explained in detail later.

By the provision of the discrimination function to determine
whether BIOS 43 requests the access to semiconductor auxiliary stor-
age 9 or not, and the address translation function and the in-
put/output function for semiconductor auxiliary storage 9 by the
reference of the ID information, application software 41 and DOS 42
need not be concerned tﬁat semiconductor auxiliary storage 9 is em-
ployed as the auxiliary storage rather than a conventional magnetic
storage memory means. It can be treated as if the floppy disk or the
hard disk is employed as the auxiliary storage.

Refer'r‘i.ng to Fig. 6, the track ID information for the magnetic stor-
age. is now explained. In this particular example, semiconductor
auxiliary storage 9 is treated a 640 KB floppy disk. Fig. 6 shows a
format of the ID information stored in the first | KB area of semicon-
ductor auxiliary storage 9. The ID information includes four bytes,
one byte for each cylinder number (C), surface number (H), the num-
ber of sectors (R) and the length of sector (N) for each track. The
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cylinder number (C) is usually written in an ID area in one sector of
one track of a floppy disk, and the surface number (H) is also written
in the ID area of the floppy disk. The surface number "00" indicates

a front surface and "01" indicates a rear surface.

The number of

sectors (R) indicates the number of sectors in a track. In the present

embodiment, the number of sectors is eight for each track. The sec-

tor length (N) indicates the sector length in accordance with a sector
length code of Table 1.

densi-ty or double density. each track is

In the present embodiment,

of single density and has 512 bytes.

N 0 1 2 3 4
SECTOR LENGTH 128 256 512 1023 20438
N 3 6 7 8 OR LONGER
SECTOR LENGTH 4096 8192 .16384 32768
Table 1
In Fig. 6, numbers in the leftmost column indicate the top address

of the ID information of the respective tracks. As many 4-byte ID

information for the tracks is provided as the number of tracks of a
virtual floppy .disk, and entire track ID information 61 having the
same data coatent as that of lost rack ID information 60 is stored in

the last four bytes of the top | KB of memory. The top address

(hexadecimal 27C in the present inveation) of last track ID informa-

tion 60 can be calculated based on entre trick [D mformnnon 61 by

the following formula: -
: ) cet Has Been RTlaced
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(Cx2Xx H) x4

By letting C = 4F and H = 1 in the above formula, the result is:

(4Fx2+1);;4=27C. |

. The translation from a standard disk address to an address on
semiconductor auxiliary storage 9 is ﬁow explained. A memory
space of semiconductor. auxiliary storage 9 is allotted as shown in Fig.
7. The ID information shown in Fig. 6 is stored in the top 1 KB of
memory and data is stored in subsequently designated areas in the
order of track number.

The translation of the disk address to' the address oﬁ semicondﬁco
tor auxiliary storage 9 by BIOS 43 is carried out in the following
manner after it has been checked that the ID information stored in
the top 1 KB of semiconductor auxiliary storage 9 has been correctly
formatted. First, based'on parameters Ci and Hi relating to the cylin-
der number and the surface number which are portions of the disk
address delivered from the software interrupt INTIB;, the top ad-
dress of the ID information of the corresponding track is calculated
by the following formula: |

(Ci x 2 + Hi) x 4.

For example, by putting Ci = 1 and Hi = 1, which represent the
third tr:;ck into the above formula, we obtain "DOC”. Then, based on
a parﬁmeter Ri relating to the sector number, which is a portion of
the disk address delivered from the. software interrupt INT1By, the
cylinder number (C), the surface number (H), the number sectors (R)
and the seadr“‘leng;h (N) are obtained by accéssing the top address
of the ID information calculated in accordance with the above for-

mula and an input/output address of semiconductor auxiliary storage -
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9 corresponding to the disk address is calculated in accordance with
the following formula (1) or (2):

400H + ((Cx2 +H) xR +Ri -1} x 128 x 2" (D)

400H + (Cx 2+ H) x R x 128 x 2% x 2+ (Ri - 1) x 128 x 2¥ @)

Formula (1) is used in the case of double density while formula
(2) is used in the case of single density. The single density and‘the
double density can be discriminated by bit 7 of the sector length, as
previously described.

In formulas (1) and (2), 400H (where H represents a hexadecimal
number) indicates the top 1 KB in which the ID information is stored,
(Cx 2 + .H) indicates the number of tracks arranged before the track
in question on the assumption that there are two surfaces, (C x 2 + H).
R indicates a sum of the numbers of sectors arranged before the
track in question, and 128 x 2V indicates the sector length by bytes -
in accordance with Table 1. The difference between formula (1) and
formula (2) is because the number of sectors (R) for single density is
one half of the number of sectors (R) for double density.

In the present embodiment, semiconductor auxiliary storage 9 is
employed as a floppy disk. It may also be employed as a hard disk
in accordance with the same philosophy. In this case, the ID infor-
mation _t'_b_r-‘a hard disk is written .into semiconductor auxiliary stor-

age 9. When an access request to the hard disk is issued for BIOS 43,

- BIOS 43 accesses semiconductor auxiliary storage 9 to deliver the

fecched data to DOS 42 or application software 41 as the data from
the hard disk. |
Semiconductor auxiliary storage 9 is removable through connector

25 as e'xplained in connection with Fig. 2. As a result, a semiconduc-
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tor auxiliary storage of an appropriate capacity may be selectively
loaded d;spending on the application. Usually, the hard disk has a
larger' capacity. than the floppy disk. Thus, semiconductor auxiliary
storage 9 which has a relatively large- capacity is employed as a hard
disk and semiconductor auxiliary stora'ge 9 which has- a relatively
small capacity is employed as a floppy disk. In processing the soft-
ware interrupt INTIBH of the BIOS 43, whether the semiconductor
auxiliary storage is to be treated as a hard disk or a floppy disk is
determined by the capacity of semiconductor auxiliary storage 9.
Fig. 8 is a flow chart of a process for the software intérrupt

INT1B, of BIOS 43. When application software 41 requests a file in-

put/output request to DOS 42, DOS 42 issues the software interrupt
INT1By to BIOS 43. BIOS 43 determines to which device the request
was issued from in order to determine.whether or not it is to semi-
conductor auxiliary storage 9 (step 201). If it is not to semiconductor
auxiliary storage 9, then a normal INT1B,; process is carried out (step
205) as is known in the art. If it is td semiconductor auxiliary stor-
age 9, the capacity thereof is examined to determine if it is less than
1 MB or not (step 202). If it is less than 1 MB, an input/output pro-
cess to treat semicondﬁctor auxiliary storage 9 as the floppy disk is
carried out (step 203). The step 203 in Fig. 8 corresponds to the
treatmex;: designated in dotted line box 110 of Fig. 5. In stép 202, if
the capacity is more than | MB, an input/output process is carried
out to treat semiconductor auxiliary storage 9 as the hard disk (step
204). |

Fig. 9 is a flow chart for determining the capacity by memory tyﬁe

of semxconductor auuhary storage 9 which is required in the step

eet Has Been Replacea :

\\\l\l\\ L1 —



202 in Fig. 8. As a preprocess to determine the memory type, the
flags for indicating the memory type, i.e., the ROM flag and the RAM
flag are cleared to zero (step 301 and 302). Then, a determination or
examination is made as to whether or not the RAM content has been
loaded into semiconductor auxiliary storage 9 (step 303). If the RAM
has been loaded, the RAM capacity is determined by the erase/write
capacity register (step 304), as per ghe description in connection with
Fig. 3B, and the RAM load flag is also set (step 305). The RAM ca-
pacity can be calculated by multiplying the content of the
erase/write capacity register by 64 KB. Then, the memory type reg-
ister is again examined to determine whether the ROM content has
been loaded into semiconductor auxiliary storage 9 (step 306). If the
ROM has been loaded, the capacity of the ROM is determined by the
non erase/write capacity register (step 307), as per the description
in connection with Fig. 3C, and a ROM load flag is also set (step 308).
In this manner, the capacity for each memory type of semiconductor
auxiliary storage 9 can be determined.

When memory circuit 21 of semiconductor auxiliary storage 9 is
set up to be a ROM only memory, it is not possible to store additional
data prepared in information processing system 1. If storage 9 is set
up to be a RAM oanly memory, the stored data is deszroyéd when a
back-up.“power system, su.ch as a Eattery. becomes exhausted. Thus,
the programs and data which are necessary as a minimum are stored
in the ROM, and the programs and data modified during program ex-
ecution are copied into the RAM during system initialization. When
semiconductor auxiliary storage 9 is thereafter employed, the copy

area is accessed by translating a logical address to a target physical -
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address. . In this way, the minimum required programs and data
originﬁlly written into storage 9 and mbdified are not erased and any
newly generated data may be additionally stored. This method of
operation is now explained in detail.

Figs. 10 illustrates the relationship-.among the data format, the
memory type and the logical address of semiconductor auxiiiary
storage 9. Fig. 10A is a data format of an OS and is specifically rep-
resentative of Microsoft MS-DOS. Figs. 10B and 10C show memory
types associated with appropriate address locations.

The data format of Fig. 10A comprises spare area 51, block control

area 52, entry control area 53 and erase/write data area 54 which should

be in the erase/write memory or RAM because its contents may be
modified. On the other hand, data area 55, which need only be read,
may be in the ROM.

In Fig. 10B, initial programs and initial data of spare area 51,
block control area 52, entry control area 53 and erase/write data
area 54 have been previously stored in. first ROM area 56, and the
data of read-only data area 55 has been previously stored in second
ROM area 57. ID information has been stored in the top 1 KB of first
ROM area 56. The d:..ua corresponding to the RAM capacity is trans-
ferred from the ROM area to RAM area 58 so that the semiconductor
auxiliary storage is initialized. A boundary of first ROM area 56 and
second ROM :_1.rea 57 is determined by the capacity of RAM area 358.
'I;hé portion of the ROM area which has the same capacity as RAM
area 58, which is 128 KB, is allotted from the top of the ROM area

starting - with first ROM area 56 and the remaining portion is second
ROM area 57. o e
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The cqpying is cafried out by executing a copy program stored in
BIOS ROM 3 via CPU 1. The copy mechanism comprises the copy pro-
gram, CPU 1 and main storage 2. Fig. 11 shows a flow chart of the
copy process. First, the cabacity of RAM area 58' is determined (step
401). The method for determining this'-capacity has been previously
described in connection wit'h Fig. 9. When there is no RAM area. 58,
i.e., when the capnéity of RAM area 58 is zero, no transfer process is
carried out and the process is terminated. When the capacity of RAM
area 58 is determined, an end position of first ROM area 56 is calcu-
lated based on the capacity (step 402). _Then, the data of first ROM
area 56 is copied to RAM area 58 (step 403). Thus, the copy process
is completed and semiconductor auxiliary storage 9 is initialized.

Fig. 10C shows the memory type as well as the logical address and
the physical address. The term logical address as used therein
means an address which indicates a virtual logical space for the in-
formation procéssing system for semiconductor auxiliary storage 9
after initialization via the copying process described above. The
physical address means an address which indicates a physical space.
Physically, a 4 MB ROM (first and second ROM areas 56 and 57) fol-
lowed by the 128 KB RAM 58 is arranged, but BIOS 43 is treated as if

| the 4 MB-128 KB second ROM area 57 exists following the 128 KB

RAM area 38, as shown ia. the logical address column of Fig. 10C.

Fig. 12 is a flow chart of a process for converting a logical address
to a physical address whea BIOS 43 accesses the initialized semicon-
ductor auxiliary storage 9 in response to a software’ interrupt INTIB
to read and write data. First, the disk address is translated to a logi-

cal address of semlconductor auxiliary storage 9 (step 404) The .
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method for tramslating the disk address to the logical address has al-
ready been explained in coﬁnectioﬁ wil_h Fig. 5 and it is omitted here.
The translated "address corresponds to the logical address ‘shown on
the right hand of the memory space of Fig. 10C. Then, whether or
not the translated logical address is smaller than the RAM capacity
(indicated in bytes) is determined (step 405). In the presént embod-
iment example, since the RAM capacity is 128 KB, whether or not the
logical address is smaller than 128 KB is determined. In siep 405, if
the logical address is smaller than the RAM capacity, a sum of tﬁe
logical address and the ROM capacity (total capacity of the first and
second ROM areas) is employed as a real address or the physical ad-
dress of semiconductor auxiliafy storage 9 (step 406). Since the ROM
capacity is 4 MB in the present embodiment, 4 MB is added.
Accordingly, the logical address actually designates a point in RAM
area 58. On the other hand, in step 405, if the logical address ex-
ceeds the RAM capacity, the logical address is employed as the
physical address in its present form (step 407). This address desig-
nates a point in second ROM area 57.

In accordance with- this method, the semiconductor auxiliary stor-
age provides for the modification of basic programs and data while
they are nonvolatility retained in memory. In the present embodi-
ment, the l.ogical address of RAM area 58 is smaller than the logical
address of sccond ROM area 57, although the logical .address of RAM
area 58 may be arbitrarily selected. In thi§ case, the translation al-

gorithm from the logical address to the physical address needs to be

appropriately modified.
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Attention is now directed to a format track process which is
equivalent to the format track process for the floppy disk and the
hard disk. For semiconductor auxiliary storage 9 having memory cir-

cuit 21, which is configured as RAM only memory, and in which no

‘information has beén written, a format track process must be carried

out. Fig. 13 is a ﬂow- chart of the format track process for one track.
The format track process, however, is sequentially accomplished
from the track O to the last track. In the case of track 0, when BIOS

43 receives a request for the format track process from DOS 42, BIOS
43 determines the device associated with the request and deter-
mines whether the request is to semiconductor auxiliary storage 9 or
to other I/O devices, for example, expansion floppy disk 10 or ex-
pansion hard disk 11 (step 501). If the request is not to semiconduc-
tor auxiliary storage 9, a normal INT 1By, forrﬁat track process is car-
ried out (step 505). If it is to semiconductor auxiliary storage 9, the
address on semiconductor auxiliary storage 9 is calculated based on
the disk address for track O and an area corresponding to a one-track
capacity below the calculated address is filled out by a predéter-
mined data pattern. " As an example, the memory space in Fig. 7 is
immediately after the ID information area, i.e., _addresé 400.. The
data pat.t_'g.m., "E5” is usﬁa!ly employed for all words. Thus, the area
is filled out by data containing no information. Then, the ID infor-
mation of the track corresponding to the disk address (disk address
indicating track 0) is written into the ID information area (step 503).
As an example, the ID information area of Fig. 6 is written into the
four-byte area (addx.'e'sses 000 to 003). Then, the same data as the

ID information on track O immediately written before is written into
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the last four-byte area of the ID information area as the eatire track
ID information (step 504). With reference to the ID mformanon area
of Fig. 6 as an example, the ID information of the mck 0 is written
into the area starting at the address 3FC. Thus, the format track pro-
cess of the track 0 is completed and thé format track process of track
1 is then carried out. The data area following the data area of track
0 is filled with "ES", the ID information of the first track is written
into the four-byte area following the ID information of track 0 and
the entire track ID information of the area starting at address 3FC is
rewritten as the ID information of the first track. The same process
is repeated until the final track is reached and the formar track pro-
cess for the semiconductor auxiliary storage is then compiete. In this
manner, the DOS and the application program may be handled by
semiconductor auxiliary storage 9 in the same manner as they are
handled by a hard disk memory or a floppy disk memory.

Since the format track process is carried out in the manner de-
scribed above, whether or not the formatting is normally done is
determined by checking whether the entire track ID information co-
incides with the laét track ID information. If the format process is
interrupted and not carried out, normally the entire track ID infor-
mation does not coincide with the last track ID information.’

‘While the invention has been described in conjunction with spe-

cific embodiments, it is evident to those skilled in the art that many

further alternatives, modifications and variations will be apparent in

light of the forgoing description. For example, Microsoft DOS is em-
ployed in the embodiment disclosed although the implementation of -

the present invention need not be limited to a DOS type system.
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Further, tfxc present invention is not limited to the BIOS for the pur-
poses of software interrupt INT1By but, for example, a disk in-
put/output routine which inputs and outputs to and from semicon-
ductor auxiliary storage 9 may be employed. Thus, the inve;ntion de-
scribed herein is intended to embrace at such alternatives, modifica-
tions, applications and variations as fall within the spirit and scope of

the appended claims.
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What is claimed is:

1. An information processing system comprising:

a central processing unit for executing a program;

a main storage for temporarily storing the program.to
be executed by said central processing unit and data gene-
rated by the execution of the program;

semiconductor auxiliary storage means adapted to
transfer memory content to and from said main storage; and

a memory for storing a basic input/output program to
control hardware of said auxiliary. storage means:

said auxiliary storage means being a semiconductor
auxiliaryv storage means:

said basic input/output program being designed to ac-
cess said auxiliary storage means when an access fequest to
an auxiliary storage means construed as magnetic storage
memory means is received as a result of the execution of a
host program.

2. The information processing svstem according to

claim 1, wherein said semiconductor auxiliary storage means

stores a program including an access request to magnetic
storage memory meéans.

3..The information processing svstem according to
claim 1 or 2, wherein said semiconductor -auxiliary storage
means has a read-only memory and a erase/write memory, said
informationlprocessing system including means for copying a
pértion of content of said read-~only memory to said
erase/write memory.

4. The information processing system according to
¢laim 1, 2 or 3, wherein said semiconductor auxiliary sto-
rage means has a read-onlvy memory and a erase/write memory -
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and further comprising means for translating a physi¢al
address of a source of copy to a physical address of a
target of copy when access is made to said semiconductor
auxiliary storage means wherein a portion of the content of
said read-only memory has been copied to said erase/write
memory. ' '

5. The information processing system according to any
of claims 1 to 4, wherein access to said semlconductor au-
xiliary storage means 1is accomplished by means to translate
an address for magnetic storage memory means to an address’
for said semiconductor auxiliary storage means.

6. The information processing svstem according to
claim 5, wherein said semiconductor auxiliary storage means
stores track ID information designated for magne;ic storage
memory means, said translation means emploving said track
ID information to make said address trahslation.

7. The information processing system according to any
of the preceding claims, further comprising means for de-
termining whether said semiconductor auxiliary storage
means is to be treated as a floppv disk magnetic storage or
. & hard disk magnetic storage based on the capécity of said
semiconductor auxiliary storage means when an access is
made to said semiconductor auxiliary storage means.

8. A semiconductor auxiliary storage means emploved
as a substitpte for auxiliary magnetic storage memory means
adapted to transfer memory content thereof to and from a
main storage of an information processing system thereby
permitting the utilization of existing software applicati-
ons and programs targeted for use with said auxiliary ma-
gnetic storage ﬁemory means and comprising means to receive
an address request for said auxiliary magnetic storage me-
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mory means and translate an address for said auxiliary ma-
gnetic storage memory means into an address for said semi-
conductor auxiliary storage means. '

9. -The information processing system according to anv
of the preceding claims, wherein said semiconductor auxili-
ary storage means is removably mounted within said infor-
mation processing system.

10. A method of utilizing a semiconductor auxiliary
storage means in an information processing system while
permitting the utilization of ﬁreviously existing software
targeted for use with conventional magnetic storage memory
means comprising the steps of:

storing in said semiconductor auxiliary storage means
ID information corresponding for said conventional magnetic
storage memory means, )

capturing an access request for said conventional ma-
gnetic storage memory means, _

translating an address based on the access request
for said conventional magnetic storage memory means to an
address based on access to said semiconductor auxiliary
storage means employing said ID information, and

thereafter ‘executing the translated request.
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INFORMATION PROCESSING SYSTEM AND SEMICONDUCTOR
AUXILIARY STORAGE FOR USE IN THE SYSTEM

Abstract

A compact, low power consumption, light weight, highly reliable
and high speed information processing system is provided by em-
ploying a semiconductor auxiliary storageq)in lieu of conventional
magnetic Sstorage Or memory means, suéh as a floppy disk memory or
a hard disk memory. An access request to such a magnetic storage or
memory means is converted to an access request for a semiconductor
auxiliary stora'ge comprising semiconductor integrated circuits with-
out requiring any modification of existing programs, such as, appli-
cation software and a disk operating system. A memory circuit of
the semiconductor auxiliary storage comprises a ROM and a RAM,
and a portion of the ROM area is copied into the RAM so that the
modification of the programs and data is permitted while the basic

program and data can be retained in a nonvolatile manner. (Fig. 1)
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AUXILIARY STORAGE FOR USE IN THE SYSTEM

_ Background of the Invention

This invention relates generally to an information prdcessing sys-
tem of a relatively small size such as a personal computer, and more
particularly to an information processing system having a comphcz
and high speed auxiliary storage for storing data and progra.ms.

A conventional information processing system is generally config-
ured as shown in Fig. 14. Such a system comprises a central process-
ing unit (CPU) 1 which is a heart of the system. CPU 1 is connected
through system bus 26 to main storage 2 in which programs and
data transferred from the auxiliary storage and intermediate results
of programs being executed are stored, read-only memory (ROM) 3
which stores a basic ihput/output system (BIOS), keyboard 4 which
functions as an input device to the system, display 5 which functions
as an output device, a hard disk 6 and a floppy disk 7 which function
as an auxiliary storage to store programs and data.

When pbwer is t.urned on to the system, the system is reset and
initialized and CPU 1 executes an initial load program (ILP) stored -in
BIOS ROM 3 to transfer the programs from hard disk 6 or the floppy
disk 7 to main storage 2. The“{éafter, CPU 1 executes the programs
transferred to main storage 2 to accomplish the objectives of the
programs.

The magnetic storage such as hard disk 6 or floppy disk 7 which
are’ employed as the auxiliary storage has a limit in its possible size
reducuon wewht reduction and power consumption reducuon As a
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result, the presence of the magnetic storage imparts a large restric-
tion to ihe realization of 2 compact information system featuring ac-
tual portability. _

Since the prior art floppy disk drive or the hard disk. drive in-
cludes a mechanical rotary portion and a2 mechanical -operation for
moving a read/write head r_elatiw)c to a magnetic medium, access
time can be necessarily long and the operation of the drive slow.
Further, the mechanical operation involved during the access opera-
tion is noisy.

Beside the forgoing disadvantages, it is known that the magneric
storage fs relatively weak with respect tb a strong magnetic field and
a high temperature and humidity environment.

In order to avoid the problems encountered in the magnetic stor-
age, attempts have been made to use a semiconductor storage by
following two different approaches. In the first approach, an appli-
cation program, i.e., a data processing program which allows a user 1o
visually interact with the program and confirm a resuli, switches
banks of the semiconductor a.uxiliary storage and access is accom-
plished to the semiconductor auxiliary storage which is deemed as a
part of the main Storage of the system. In the second approach, the
access .is made through a device drive program, i.e., a device driver,
* as a specific auxiliary storage and functions as a part of the operating
system (OS). '

However, in the first approach, an” application program is designed
to have a high dependency to particular type and kind of memory
employed. An existing application program is usually created and

. prepared on the assumption that a hard disk or a floppy disk is em-
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ployed as an auxiliary storage. Thus, it is necessary to modify the
application program so that it may be employed with the semicon-
ductor auxiliary  storage. |

In thé second approach, after the device driver is actuated, .the
semiconductor storage device is set in -its activated condition. A
BOOT program is stored in a semiconductor device and the main body
of software cannot Ee set up on an active condition. Then, it is not
possible to store the OS itself in the semiconductor auxiliary storage,
and it is not possible to incorporate a medium copy program, i.e.,
copied into such a storage, or from a floppy disk to floppy disk and,
further, is dependent on a BIOS which has a high dependency on the
0s. |

It is an object of the present invention to solve the above men-
tioned problems.

It is another object of this invention to provide a compact, light
weight, highly reliable and high speed information processi;'lg system
while permituting the utilization of the existing software applications
and programs created and written as targeted for use with particular
conventional memory means, such as a floppy disk memory or a
hard disk memory.

| . Summary of the Invention

According to this invention, a information processing system of
the present invention employes a semiconductor auxiliary storage as
an- auxiliary storage. A basic inpui/output program stored in the
main body of the system accesses the semiconductor auxiliary stor-
.uge when it receives an address request for a magnetic auxiliary

storage or memory means, which request originates from the execu-
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tion of a host program. The accessing is accomplished by translating
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an address for the magnetic storage into an address for the semicon-
ductor auxiliary storage. 'ﬁie address translation is accomplished by
utilizing ID information for the magnetic storage which has previ-
ously been written into the semiconduc';or auxiliary sto_rag;e. The
basic input/output program converts the access request for the mag-
netic storage from an application software or a disk operating system
(DOS) to an access request for the semiconductor auxiliary storage
and executes the request. An address for the semiconductor auxil-
iary storage is obtained by reading out the corresponding ID infor-
mation based on the address for the magnetic storage and putting
the ID information and the address for the magnetic storage into a
predetermined mathematical formula.

It is preferred that the semiconductor auxiliary storage contains
both a read-oniy sforage and a erase/write storage capacity and that
the information processing system include means for copying a por-
tion of the content of the read-only storage of the semiconductor
auxiliary storage into the erase/write storage. When an access is
" made to the semiconductor auxiliary storage having th-e portion of
the content of the read-only storage copied into the erase/write stor-
" age, it xs preferred that the information processing system includes
means for translating physical address of a source area to a physical
address of a target area. When the portion of the content of the
read-only storage of the semfconductor auxiliary storage has been
copied into the erase/write storage and an access request is issued to
the source area, the access is made by employ{ng a sum of the ad-

“dress and a value determined by the capacity of the copied into area
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as a physical address. In this manner, the access is made to the tar-
get area. Further, when in access is made to the semiconductor
auxiliary storage, means may be provided for determining whether
the semiconductor auxiliary storage is to be handled as a floppy disk
type magnetic storage or a hard disk type magnetic storage based on
a determination of the capacity of the semiconductor auxiliary stor-
age.

It is preferable that the semiconductor auxiliary storage be con-
structed for easy removable mounting in the information processing
system. |

Other objects and attainments together with a fuller understand-
ing of the invention will become apparent and appreciated by refer-
ring to the following description and claims taken in conjunction with
the accompanying drawings.
| Brief Description of the Drawings

Fig. 1 is a block diagram of one embodiment of an information
processing system comprising the present invention.

Fig. 2 is a block diagram of an internal configuration of a semicon-

aqQ

ductor auxiliary storage. employed relative to this invention.

Fig. 3 is a store status of capacity information by memory type in

aQ

a control register.

Fig. 4 is a hierarchy block diagram of the system configuration for
the embodiment shown in Fig. 1.

Fig. 5 is a flow chart of read and write processes of the BIOS to a
software interrupt INTI'H" from the DOS.

Fig. 6 is.u store status of ID information.

Fig. 7 1s ‘2 memory sp.lce of the semiconductor auxiliary Stornoe
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Flg 8 lS a flow chart of read and write processes of the BIOS to the
software interrupt INTIBy from the DOS for selecting a processing
procedure based on the capacity of.the semiconductor auxiliary stor-
age. | '

Fig. 9 is a flow chart of a process for determining a capacity for
each memory type of semiconductor auxiliary storage.

Fig. 10 is a re!dtionship among a data format, a memory type and
a logical address in the memory space of semiconductor auxiliary

storage.

o
1Q

g. 11 is a flow chart of a copy process.

Fig. 12 is a flow chart of a tr:mslatic;n process from a logical ad-
dress to a physical address.

Fig. 13 is a flow chart of a format track process.

Fig. 14 is a block diagram of a prior art information processing
system.

Description of the Preferred Embodiments

Referring now 1o Fig. 1 there is shown information processing
system 1 of this invention comprising CPU 1A, main storage 2, BIOS
ROM 3, keyboard 4, display 5, semiconductor storage 9, expansion
floppy disk 10 and efp:msion hard disk 11 all connected to system
bus 26 ‘Main storage 2 and BIOS ROM 3 are sometimes referred to
collectively -as the main storage of system 1 but they are ée.para!ely
referred herein.

CPU I, main storage 2, keyboard 4, and display 5 are identical to
those employed in the conventional information processing system
shown in Fig. 14. A physical structure of BIOS ROM 3 is also identical

to a conventional BIOS but the content of a program stored therein is
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different in_p:irt because of the necessity to drive and control semi-
conductor auxiliary storage 9 instead of hard disk 6 and floppy disk
7 in the conventional system. Expansion floppy disk 10 and expan-
sion hard disk 11 may be added as required in order to .Support the
operation of semiconductor auxiliary §t_orage 9. For example, these
expansidn disks may be added when sémiconductor auxiliary storage
9 is not sufficient alone for the memory capacity necessary for auxil-
iary storage. On the other hand, these expansion disks _afe not al-
ways necessary.

Fig. 2 is a block diagram of an internal configuration of semicon-
ductor auxiliary. storage 9. Semiconductor auxiliary storage 9 com-
prises memory circuit 21 including a semiconductor integrated cir-
cuit, data register 22, address register 23 and control register 24.
Memory circuit 21 contains two types of memories: a read-only
memory (ROM) and an erase/write memory (RAM). Semiconductor
auxiliary storage 9 is physically supported on a structure generally
referred to‘asl an IC card. It has a card-like plate structure, and
| when it is plugged into connector 25 to system bus 26, electrical con-
nection is. made to.system bus 26. In Fig. 2, only one semiconductor
auxiliary storage 9 is illustrated for pufposes of simplification but a
plurality “of such storage -structures are usually provided so that a
large amount of data may be stored among semiconductor auxiliary
storages or separate semiconductor auxiliary storages are employed
for storing software programs-as well as for storing data.

'The functional operation of storage 9 is generally as follows.
Address register 23 designates an address in memory circuit 2I. A

start address for access by CPU T to memory circuit 21 is set by CPU
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1 into"address register 23 through system bus (I/O bus) 26. After
the start address has been set.in address register 23, data is written
into data register 22 and the data is automatically written into that
address in memory circuit 21. When the data is written into data
register 22, address register 23 is automatically incremented so that
data can be written into the next address. Similarly, when the star
address is set in address register 23 and data is read from data
register 22, the data is automatically read from that address of
memory circuit 21. When the dara is read, address register 23 is
automatically incremented and data can be read out from the next
address.

Control register 24 stores an identification code or device infor-
~ mation indicative of the memory type of semiconductor auxiliary
storage 9. Fig. 3 shows a store status in control register 24 of the
memory capacity by memory type which is a porti'on of the device
information of semiconductor auxiliary storage 9. Fig. 3A shows a
type register which indicates the memory type of memory circuit 2I.
When bit 0 (MKO) of the register is "1", this indicates that the mem-
ory type of memory circuit 21 is a RAM. Similarly, bit 1 (MK!) indi-
. cates a mask ROM, bit 2 (MK2) indicates a P-ROM, and bit 3 (MK3)
indicates an EEPROM.

Fig. 3B shows a capacity register which indicates the erase/write’
memory capacity of memory circuit 21. When the bit 0 (WCO) of the
register is "17, this indicates that tﬁe erase/write capacity is 64 kilo
bytes (KB). S:mxlariy, bit I (WCI1) indicates 128 KB, bit 2 (WC2) indi-
cates 256 KB, bit 3 (WC3) indicates 512 KB, bit 4 (WC4) indicates 1.
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MB, bit 5 (WCS) indicates 2 MB, bit 6 (WC6) indicates 4 MB, and bit 7
(WC7) mdxcates 8 MB.

Fig. 3C shows a capacity register which indicates the_ read-only
memory (ROM) capacity of memory circuit 21. When bit 0 (VC0) of
the register is "1", this indicates that the ROM capacity is 64 KB.
Similarly, bit 1 (UC1) indicates 128 KB, bit 2 (UC2) indicates 256 KB,
bit 3 (UC3) indicates 512 KB, bit 4 (UC4) indicates 1 MB, bit 5 (UCS)
indicates 2 MB, bit 6 (UC6) indicates 4. MB, and bit 7 (UC7) indicates 8
MB. The contents of those registers are detected by reading out a
specific I/O port address of the information processing system 1 and
the memory type and the memory capﬁcity of semiconductor auxil-
iary storage 9 which is curréntly loaded can be determined based on
the contents of these registers.

_ As previqﬁ;Iy indicated, semiconductor auxiliary storage 9 is re-
movably mounted onto system bus 26 through connector 25. Storage
9, therefore, may be exchanged for use relative to each program or .
data stored in storage 9 as in the case of a conventional floppy disk.
Since storage 9 is of a card shape by utilizing semiconductor inte-
grated circuits for--r'nemory storage, it is easy to transport and handle.
Since a ROM is _-used'entirely or partially in memory circuit 21, one
software may be copied in volume as compared to one-to-one COpYy
in the case of a floppy disk. Accordingly, this approach is effective
for the distribution of the software.

The operation of information processing system 1 of the present
embodiment will now be explained.

Fig. 4 shows a hierarchy block diagram of the system configura-

tion of the system | relative to operation in a file access mode.
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' Applicaﬁon software 41 exists at the top h;.vel of hierarchy. Next is
disk operating system (DOS) 42 which handles software intérruptions
due to file "input/output requests from application software 41.
Below DOS 42 is a basic input/output system -(BIOS) 43 which is
firmware that controls the lower level input/output operations rela-
tive to operation of ‘hardware 44. The general configuration of
hardware 44 is shown in Fig. 1. CPU 1 may, for example, be an Intel
16 bit microprocessor 8086. DOS 42 may be Microsoft MS-DOS. BIOS
43 may be one of the input/output systems of the disk requested bjr
the software interrupt INT1B, from DOS 42. BIOS 43 is stored in
BIOS ROM 3 together with an IPL and it operates under the control of
CPU 1. DOS 42 ﬁnd application software 41 are generally stored in
semiconductor auxiliary storage 9 and they are transferred to main
storage 2 and executed by CPU 1. DOS 42 may be stored in BIOS ROM
3.

When the information processing system shown in Fig. 1 is
started, CPU 1 executes the IPL stored in BIOS ROM 3 and transfers
DOS 42 stored in semiconductor auxiliary storage 9 to main storage 2.
Then, CPU ' 1 transfers application software 41 stored in semiconduc-
tor nuxil__im:y storage 9 to main storage 2 and the application software
is executéd under the control of DOS 42.

Application software 41 and DOS 42 are prepared on the assump-
tion that the magnetic storage, such as the floppy disk or the hard
disk, is employed as auxiliary storagc; Accordingly, BIOS 43 is re-
queﬁted by DOS 42 or dpplication software 41 to access the floppy
disk or the hard disk. However, BIOS 43 converts the access request

for the magnetic storage to an access request for semiconductor
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auxiliary- storage 9 in the bwing manner. Accordingly, DOS 42 and
application software 41 see the auxiliary storage as the magnetic
storage but, in .fact, is semiconductor auxiliary storage 9. 1In other
words, in the present system, semiconductor auxiliary storage 9 is
treated as if it is the magnetic storage 6r memory means. As a re-
sult, information processing system 1 can make use of existing aﬁpli-
cation software without any need or requirement of changing the
content thereof including any necessary adaptation to interface with
semicoﬁductor auxiliary storage 9.

Fig. 5 is a flow chart of the read and write processes of BIOS 43
for the software interrupt INTIB, from DOS 42. When application
software 41 issues a file input/output request to DOS 42, DOS 42 de-
termines a drive associated with that file and issues the software
interrupt, INTIB,, to BIOS 43. DOS 42 requests BIOS 43 for access to
either the floppy disk or the hard disk. BIOS 43 determines the
drive associated with the request (step 101), i.e., it determines a
drive number and determines if the request is to semiconductor
auxiliary storage 9, which is treated as if it were the floppy disk or
. the hard disk, or to: e:_:pansion.t'ioppy disk 10 or to expansion hard
. disk 11.. If the request is access to expansion floppy disk 10 or ex-
pansion.'har'd disk 11, the normal read/write process for the software
interrupt INTI1By is carmried (step 106). If the request is access to
semiconductor ﬁuxiliary storage 9, the content of tﬁe ID information-
stored in. semiconductor auxiliary storage 9 is examined to determine
if the correct ID information has been formatted (step 102). The ID
informdtion is track ID information which would normally be written

in a magnetic auxiliary storage or memory means. It is the informa-

This Sheet Has Been Replaced

(A




REPLACEMENT SHEET

03 JAN 1997

12

tion neccs'sary' for BIOS 43 to translate the disk address to an address
in se_miconductqr auxiliary storage 9. If the ID information has not
been formatted, the address translation cannot be carried out and an
error process is carried out (step 105). ~ The ID information will be
explained in detail later. 1If the ID information has been correctly
formatted, the disk address (cylinder number, surface number and
sector number) is translated into an address in semiconductor auxil-
iary storage 9 based on the content of the ID information stored in
semiconductor auxiliary storage 9 (step 103) and an input/output
process is carried out (stép 104). The address translation in the step
103 will be explained in detail later.

By the provision of the discrimination - function to determine
whether BIOS 43 requests the access to semiconductor auxiliary stor-
age 9 or not, and the address translation function and the in-
put/output function for semiconductor auxiliary storage 9 by the
reference of the ID information, application software 41 and DOS 42
need not be concerned that semiconductor auxiliary storage 9 is em-
ployed as the auxiliary storage rather than a conventional magnetic
storage memory means. It can be treated as if the floppy disk or the
hard disk is employed as the auxiliary storage.

Refer'lli'ng to Fig. 6, the track ID information for the magnetic stor-
age is now explained. In this particular example, semiconductor
auxiliary storage 9 is treated a 640 KB floppy disk. Fig. 6 shows a
format of the ID information stored in the first 1 KB area of semicon-
ductor auxiliary storage 9. The ID information includes four bytes,
one byte for each cylinder number (C), surface number (H), the num-

ber of sectors (R) and the length of sector (N) for each track. The
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‘cylinder number (C) is usually written in an ID area in one sector of
one track of a floppy disk, and the surface number (H) is also written
in the ID area of the floppy disk. The surface number "00" indicates
a front surface and "0l" indicates a rear surface. The number of
sectors (R) indicates the number of sectors in a track. In the present
embodiment, the number of sectors is eight for each track. The sec-
tor length (N) indicates the sector length in accordance with a sector
length code of Table 1. Bit 7 thereof indicates whether it is single
density or double density. In the present embodiment, each track is

of single density and has 512 bytes.

N 0 1 2 3 4
SECTOR LENGTH 128 256 512 1024 2048
N 5 6 7 8 OR LONGER
SECTOR LENGTH 4096 8192 16384 32768
Table 1

In Fig. 6, numbers in the leftmost column indicate the top address
of the ID information of the respective tracks. As many 4-byte ID
information for the tracks is provided as the number of tracks of a
virtual flopby .disk, and entire track ID information 61 having the
same data content as that of lost racl; ID information 60 is stored in
the last four bytes of the top I KB of memory. The top address
(hexadecimal 27C in the present invention) of last track ID informa-
tion 60 can be calculated based on entire track ID information 61 by

the following formula'
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(Cx2x H) x4

By letting C = 4F and H = 1 in the above formula, the result is:

(4Fx2+l));4=27C. |

. The translation from a standard disk address to an address on
semiconductor auxiliary storage 9 is ﬁow explained. A memory
space of semiconductor. auxiliary storage 9 is allotted as shown in Fig.
7. The ID information shown in Fig. 6 is stored in the top 1 KB of
memory and data is stored in 'subsequehtly designated areas in the
order of track number.

The translation of the disk address to the address oﬁ semiconduc-
tor auxiliary storage 9 by BIOS 43 is carried out in the following
manner after it has been checked that the ID information stored in
the top 1 KB of semiconductor auxiliary storage 9 has been correctly
formatted. First, based_on parameters Ci and Hi relating to the cylin-
der number and the surface number which are portions of the disk
address delivered from the software interrupt INT1B,, the top ad-
dress of the ID information of the corresponding track is calculated
by the following formula:

(Ci x 2 + Hi) x 4.

For example, by putting Ci = 1 and Hi = 1, which represent the
third tr:;ck into the above -formula, we obtain "DOC”". Then, based on
a parameter Ri relating to the sector number, which is a portion of
the disk address delivered from the software interrupt INTI1By, the
cylinder number (C), the surface number (H), the number sectors (R)
and the sector length (N) are obtained by accéssing the top address
of the ID information calculated in accordance with the above for-
mula and an input/output address of semiconductor auxiliary' storage
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9 corresponding to the disk address is calculated in accordance with
the following formula (1) or (2):

400H + {(Cx2+H)xR+Ri-1} x 128 x 2V _ (1)

400H + (Cx2+H) xRx128x2" x2+ (Ri-1)x 128 x 2¥ (2)

Formula (1) is used in:'the case of double density while formula
(2) is used in the case of single density. The single density and the
double density can be discriminated by bit 7 of the sector length, as
previously described. _

In formulas (1) and (2), 400H (where H represents a hexadecimal
number) indicates the top 1 KB in which the ID information is stored,
(C x 2 + H) indicates the number of tracks arranged before the track
in question on the assumption that there are two surfaces, (C x 2 + H).
R indicates a sum of the numbers of sectors arranged before the
track in question, and 128 x 2V indicates the sector length by bytes
in accordance with Table 1. The difference between formula (1) and
formula l('.Z) is because the number of sectors (R) for single density is
one half of the number of sectors (R) for double density.

In the present embodiment, semiconductor auxiliary storage 9 s
amployed as a floppy disk. It may also be employed as a hard disk
in accordance with the same philosophy. [In this case, the ID infor-
mation -t'_'pr‘a hard disk is written .into semiconductor auxiliary stor-
age 9. When an access request to the hard disk is issued for BIOS 43,
BIOS 43 accesses semiconductor auxiliary storage 9 to deliver the
fetched data to DOS 42 or npplicalio-ﬁ software 41 as the data from
the hard disk. |

Semiconductor a.uxiliary storage 9 is removable through connector

25 as explained in connection with Fig. 2. As a result, a semiconduc-
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. |
tor auxiliary storage of an appropriate capacity may be selectively

loaded depending on the applicat’ion'. Usually, the hard disk has a
larger capacity. than the floppy disk. Thus, semiconductor auxiliary
storage 9 which has a relatively lnrge~capacityy is erﬁployed as a hard
disk and semiconductor auxiliary storz{ge 9 which has a relatively
small capacity is employed as a floppy disk. In processing the soft-
ware interrupt INT1B, of the BIOS 43, whether the semiconductor
auxiliary storage is to be treated as a hard disk or a floppy disk is
.determined by the capacity of semiconductor auxiliary storage 9.
Fig. 8 is a flow chart of a process for the software interrupt

INT1B, of BIOS 43. When application software 41 requests a file in-

put/output request to DOS 42, DOS 42 issues the software interrupt
INTIBy to BIOS 43. BIOS 43 determines to which device the request
was issued from in order to determine whether or not it is to semi-
conductor auxiliary storage 9 (step 201). If it is not to semiconductor
auxiliary storage 9, then a normal INTI1B, process is carried out (step
205) as is known in the art. If it is td semiconductor auxiliary stor-
age 9, the capacity thereof is examined to determine if it is less than
1 MB or not (step 202). If it is less than 1 MB, an input/output pro-
cess to treat semicond;xctor auxiliary storage 9 as the floppy disk is
carried out (step 203). The step 203 in Fig. 8 corresponds to the
treatment designated in dotted line box 110 of Fig. 5. In step 202, if
the capacity i§ more than | MB, an input/output process is carried
out to treat semiconductor auxiliary storage 9 as the hard disk (step
204).

Fig. 9 is a flow chart for determining the capacity by memory type

of semiconductor aumhary storage 9 whxch is required in the step
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202 in Fié. 8. As a preprocess to determine the memory type, the
flags for indicating the memory type, ie., the ROM flag and the RAM
flag are cleared to zero (step 301 and 302). Then, a determination or
examination is made as to whether or not the RAM content has been
loaded into semiconductor auxiliary storage 9 (step 303). If the RAM
has been loaded, the RAM capacity is determined by the erase/write
capacity register (step 304), as per ghe description in connection with
Fig. 3B, and the RAM load flag is also set (siep 305). The RAM ca-
pacity can be calculated by multiplying the content of the
srase/write capacity register by 64 KB. Then, the memory type reg-.
ister is again examined to determine whether the ROM content has
been loaded into semiconductor auxiliary storage 9 (step 306). If the
ROM has been loaded, the capacity of the ROM is determined by the
non erase/write capacity register (step 307)., as per the description
in connection with Fig. 3C, and a ROM load flag is also set (step 308).
In this manner, the capacity for each memory type of semiconductor
auxiliary storage 9 can be determined.

When memory circuit 21 of semiconductor auxiliary storage 9 is
et up to be a ROM only memory, it is not possible to store additional
data prepared ~in information processing system 1. If storage 9 is set
up to be a2 RAM only memory, the stored data is destroyed when a
back-up"bower system, su.ch as a Eaucry, becomes exhausted. Thus,
the programs and data which are necessary as a minimum are stored
in the ROM, and the programs and data modified during prégram ex-
ecution are copied into the RAM during system initialization. When
semiconductor auxiliary storage 9 is thcreaftcr employed, the copy

area is accessed by translaung a 1og1cal address to a target physical
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address.  In this 'WH'JJ, the minimum required programs and data
originally written into storage 9 and modified are not erased and any
newly generated data may be additionally stored. This method of
operatio'n is now explained in detail.

Figs. 10 illustrates the relationship'among the data format, the
memory type and the logical address of.semiconducto_r auxiiiary
storage 9. Fig. 10A is 2 data format of an OS and is specifically rep-
resentative of Microsoft MS-DOS. Figs. 10B and 10C show memory
types associated with appropriate address locations.

The data format of Fig. 10A comprises spare area 51, block control
area 52, entry control area 53 and eragelwrite data area 54 which shou
be in the erase/write memory or RAM because its contents may be
modified. On the other hand, data area 55, which need only be read,
may be in the ROM.

In Fig. 10B, initial programs and initial data of spare area 51,
block control area 52, entry control area 53 and erase/write data
area 54 have been previously stored in first ROM area 356, and the
data of read-only data area 55 has been previously stored in second
ROM area 57. ID information has been stored in the top 1 KB of first
ROM area 56. The d:;ta corresponding to the RAM capacity is trans-
ferred from the ROM area to RAM area 58 so that the semiconductor
auxiliary storage is initialized. A boundary of first ROM area 56 and
second ROM a.rea 57 is determined by the capacity of RAM area 53.
’l;he portion of the ROM area which has the same capacity as RAM
area 58, which is 128 KB, is allotted from the top of the ROM area
starting - with first ROM area 56 and the remaining portion i; second

ROM area 57.
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The copying is caﬁed out by executing a copy program stored in
BIOS ROM 3 via CPU 1. The copy mechanism comprises the copy pro-
gram, CPU 1 and main storage 2. Fig. 11 shows a flow chart of the
copy process. First, the cn'pacity of RAM area 58 is determined (step
401). The method for determining this.-capacity has been previously
described in connection wit.h Fig. 9. When there is no RAM area 358,
i.e.,, when the capaéity of RAM area 58 is zero, no transfer process is
carried out and the process is terminated. When the capacity of RAM
area 58 is determined, an end position of first ROM area 56 is calcu-
lated based on the capacity (step 402). Then, the data of first ROM
area 56 is copied to RAM area 58 (step 403). Thus, the copy process
is completed and semiconductor auxiliary storage 9 is initialized.

Fig. 10C shows the memory type as well as the logical address and
the physical address. The term logical address as used therein
means an gddress which indicates a virtual logical spaxce for the in-
formation processing system for semiconductor auxiliary storage 9
after initialization via the copying process described above. The
physical address means an address which indicates a physical space.
Physically, a 4 MB ROM (first and second ROM areas 56 and 57) fol-
lowed by the 128 KB RAM 58 is arranged, but BIOS 43 is treated as if
the 4 MB-128 KB second ROM area 57 exists following .th.e 128 KB
RAM area 58, as shown in. the logical address column of Fig. 10C.

Fig. 12 is a flow chart of a process for converting a logical address
to a_physical address when BIOS 43 accesses the initialized semicon-
ductor aﬁxiliary storage 9 in response to a software interrupt INTIB,
to read and write data. First, the disk address is translated to a logi-

cal address of semiconductor auxiliary storage 9 (step 404). The
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method for translating the disk address to the logical address has al-
ready been explained in connection with Fig. 5 and it is omitted here.
The translated address corresponds to the logical address ‘shown on
the right hand of the memory space of Fig. 10C. Then, whether or
not the translated logical address is smaller than the RAM capacity
(indicated in bytes) is determined (step 405). In the presént embod-
iment example, since the RAM capacity is 128 KB, whether or not the
logical address is smaller than 128 KB is determined. In sfep 405, if
the logical addr;ss is smaller than the RAM capacity, a sum of tﬁe
logical address and the ROM capacity (total capacity of the first and
second ROM areas) is employed as a real address or the physical ad-
dress of semiconductor auxiliary storage 9 (step 406). Since the ROM
capacity is 4 MB in the present embodiment, 4 MB is added.
Accordingly, the logical address actually designates a point in RAM
area 58. On the other hand, in step 4035, if the logical address ex-
ceeds the RAM capacity, the logical address is employed as the
physical. address in its present form (step 407). This address desig-
nates a point in second ROM area 57.

In accordance with- this method, the semiconductor auxiliary stor-
age provides for the modification of basic programs and data while
they are’ nonvolatility retained in memory. In the present embodi-
ment, the logical address of RAM area 58 is smaller than the logical
address of second ROM area 57, although the logical address of RAM
area 58 may be arbitrarily selected. In this case, the translation al-
gorithm from the logical address to the physical address needs to be
appropriately modified.
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Attention .is now directed to a format track process which is
equivalent to the format track process for the floppy disk and the
hard disk. .For semiconductor auxiliary storage 9 having memory cir-
cuit 21, which is configured as RAM only memory, and in which no
information has been written, a format track process must be carried
out. Fig. 13 is a flow chart of the format track process for one track.
The format track process, however, is sequentially accomplished
from the wack O to the last track. In the case of track 0, when BIOS
43 rteceives a request for the format track process from DOS 42, BIOS
'3 determines the device associated with the request and deter-
mines whether the request is to semiconductor auxiliary storage 9 or
to other I/O devices, for example, expﬁnsion floppy disk 10 or ex-
pansion hard disk 11 (step 501). If the request is not to semiconduc-
tor auxiliary storage 9, a normal INTIBy format track process is car-
ried out (step 505). If it is to semiconductor auxiliary storage 9, the
address on semiconductor auxiliary storage 9 is calculated based on
the disk address for track 0 and an area corresponding to a one-track
capacity below the calculated address is filled out by a predeter-
~‘ned data pattern. "As an example, the memory space. in Fig. 7 is
immediutely after the ID information area, i.e., _address 400.. .The
data pat't_'t_;rn', "ES" is usually employed for all words. Thus, the area
is filled out by data containing no information. Then, the [D infor-
mation of the track corresponding to the disk address (disk address
indicating track 0) is written into the ID information area (step 503).
As an example, the ID information area of Fig. 6 is written into the
four-byte area (addresses 000 to 003). Then, the same data as the
ID information on track 0 immediately written before is written into
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the last four-byte area of the ID information area as the entire frack
ID information (step 504). With reference to the ID inforrﬁation area
of Fig. 6 as an example, the [D information of the track O is written
into the area starting at the address 3FC. Thus, the forma: track pro-
cess of the track 0 is completed and the format track process of track
1 is then carried out. The data area following the data area of track
0 is filled with "ES", the ID information of the first track is written
into the four-byte area following the ID information of track O and
the entire track ID information of the area starting at address 3FC is
rewritten as the ID information of the first track. The same process
is repeated until the final track is reached and the formatr track pro-
cess for the semiconductor auxiliary storage is then complete. In this
manner, the DOS and the application program may be handled by
-semiconductor auxiliary storage 9 in the same manner as they are
handled by a hard disk memory or a flop'py disk memory.

Since the format track process is carried out in the manner de-
scribed above, whether or not the formatting is normally done is
determined by checking whether the entire track ID information co-
incides wuh the last track ID information. [f the format process is
interrupted and not carried out, normally the entire track ID infor-
mation does not coincide with the last track ID information.

While the invention has been described in conjunction with spe-
cific embodiments, it is evident to those skilled in the art that many
further alternatives, modifications and variations will be apparent in
light of the forgoing description. For example, Microsoft DOs is em-
ployed in the embodiment disclosed although the implementation of

the present invention need not be limited to a2 DOS type system.
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Further, tl‘le present invention is not limited to the BIOS for the pur-
poses of software interrupt INTIBy but, for example, a disk in-
put/output routine which inputs and outputs to and from 'semicon-
ductor nuxilin;y storage 9 may be employed. Thus, the invéntion de-
scribed _herein is intended to embrace at such alternatives, modifica-
tions, applications and variations as fall within the spirit and scope of

the appended claims.
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What is claimed is:

1. An information processing svstem comprising:

a central processing unit for executing a program;

a main storage for temporarily storing the program-to
be executed bv said central processing unit and data gene-
rated by the execution of the program:;

semiconductor auxiliary storage means adapted to
transfer memory content to and from said main storage; and

a memory for storing a basic input/output program to
control hardware of said auxiliary storage means:

said auxiliary storage means being a semiconductor
auxiliaryv storage means;

said bésic input/output program being designed to ac-
cess said auxiliary storage means when an access fequest to
an auxiliary storage means construed as magnetic storage
memory means is received as a result of the execution of a
host program.

2. The information processing svstem according to
claim 1, wherein said semiconductor auxiliary storage means
stores a program including an access request to magnetic

storage memory means.

3..The information processing svstem according to
claim 1 or 2, wherein said semiconductor -auxiliary storage
means has a read-only memory and a erase/write memory, said
information brocessing svstem including means for copying a
_portion of content of said read-only memory to said
erase/write memory.

4. The information processing svstem according to
claim 1, 2 or 3, wherein said semiconductor auxiliary sto-
rage means has a read-onlv memory and a erase/write memory
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and further comprising means for translating a physipal
address of a source of copv to a physical address of a
target of copy when access is made to said semiconductor
auxiliary storage means wherein a portion of the content of
said read-only memorvy has been copied to said erase/write
memory.

_ 5. The information processing system according to any
of claims 1 to 4, wherein access to said semiconductor au-
xiliary storage means is accomplished by means to translate
an'address for magnetic storage memory means to an address’
for said semiconductor auxiliary storage means.

6. The information processing system according to
claim 5, wherein said semiconductor auxiliary storage means
stores track ID information designéted for magne;ic storage
memorv means, said translation means employving said track
ID information to make said address translation.

7. The information processing system according to anv
of the preceding claims, further comprising means for de-
termining whether said semiconductor auxiliary storage
means is to be treated as a floppy disk magnetic storage or
a hard disk magnetic storage based on the capacity of said
semiconductor auxiliary storage means when an access is
made to said semiconductor auxiliary storage means.

8. A semiconductor auxiliaryv storage means employved
as a substitute for auxiliary magnetic storage memory means
adapted to transfer memory content thereof to and from a
main storage of an information processing system thereby
permitting the utilization of existing software applicati-
ons and programs targeted for use with said auxiliary ma-
gnetic storage memory means and comprising means to receive
an address request for said auxiliary magnetic storage me-

i
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mory means and translate an address for said auxiliary ma-
gnetic storage memory means into an address for said semi-
conductor auxiliary storage means.

9. The information processing system according to anv
of the preceding claims, wherein said semiconductor auxili-
ary storage means is removably mounted within said infor-
mation processing system.

10. A method of utilizing a semiconductor auxiliary
storage means in an informatiqn processing system while
permitting the utilization of breviously existing software
targeted for use with conventional magnetic storage memory
means comprising the steps of:

storing in said semiconductor auxiliary storage means
ID information corresponding for said conventional magnetic
storage memory means, -

capturing an access request for said conventional ma-
gnetic storage memory means,

translating an address based on the access request
for said conventional magnetic storage memory means to an
address based on access to said semiconductor auxiliary
storage means employing said ID information, and

thereafter ‘executing the translated request.
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INFORMATION PROCESSING SYSTEM AND SEMICONDUCTOR
" AUXILIARY STORAGE FOR USE IN THE SYSTEM

Abstract
A compact, low power consumption, light weight, highly reliable
; and high speed information processing system is provided by em-
ploying a semiconductor auxiliary stornge(q)in lien of conventional
magnetic storage or memory means, suc.h as a floppy disk memory or
a hard disk memory. An access request to such a magnetic storage or
memory means is converted to an access request for a semiconductor
auxiliary storage g:omprisfng semiconductor integrated circuits with-
out requiring any modification of existing programs, such as, appli-
cation software and a disk operating system. A memory circuit of
the semiconductor auxiliary storage comprises a ROM and a RAM,
and a portion of the ROM area is copied into the RAM so that the
modification of the programs and data is permitted while the basic

program and data can be retained in a nonvolatile manner. (Fig. 1)

FIGURE 1 This Sheet Has Been Replaced
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Background of the Invention

This invention relates generally to an information processing sys-
tem of a relatively small size such as a personal computer, and more
particularly to an information processing system having a compact |
and high speed auxiliary storage for storing data and programs. | |

A conventional information processing system is geﬁcrally config-
ured as shown in Fig. 14. Such a system comprises a cenrral process-
ing unit (CPU) I which is a heart of the system. CPU 1 is connected
through system bus 26 to main storage 2 in which programs and
data transferred from the auxiliary storage and intermediate results
of‘ p'rogr,ums Being executed are stored, read-only memory (ROM) 3
which stores a basic input/output system (BIQS), keyboard 4 which
functions as an input device to the system, display § which functions
as an output device, a hard disk 6 and a floppy disk 7 which function
~as an auxiliary storage to store programs and data.

When power is turned on to the system, the system is reset and
initialized and CPU 1 executes an initial load program (ILP) stored in
BIOS ROM 3 to transfer the programs from hard disk 6 or the floppy
disk 7 to main storage 2. Thereafter, CPU | executes the programs

transferred to main storage 2 to accomplish the objectives of the

programs.
The magnetic storage such as hard disk 6 or floppy disk 7 which

are employed as the auxiliary storage has a limit in-its possible size

reduction, weigh:' reduction and power consumption reduction. As a
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result, the presence of the magnetic storage imparts a large restric-
‘tion to the realization of a compact information system featuring ac-
tual 'port:ibility.

Since the prior art floppy disk drive or the hard disk drive in-
cludes a mechanical rotary portion and a mechanical operation for
moving 2 read/write head relative to a magneric medium. access
time can be necessarily long and the operation of the drive slow.
Further, the mechanical operation invoived during the access opera-
tion is noisy.

Beside the forgoing disadvantages, it is known that the magnetic
storage is relatively weak with respect to a strong magnetic field and
a high temperature and humidity environment.

[n order to avoid the problems encountered in the- magnetic stor-
. age, atempts have been made to use a semiconductor storage by
following two different approaches. [In the first approach, an appli-
cation program, i.e., a data processing program-whfch allows a user to
visually interact with the program and confirm a result, switches
banks of the semiconductor auxiliary storage and access is accom-
plished to the semiconductor auxiliary storage which is deemed as a
part . of the main storage of the system. In the second approach, the
access is made through a device drive program, i.e., a device driver,
as a specific auxiliary storage and functions as a part of the operating
system (OS). _

However, in the first approach, an application program is designed
to have a high dependencyl to particular type and kind of memory
employed. An existing application program is usually created and

pepared on the assumption that a hard disk or a ‘floppy disk is em-
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ployed as an auxiliary storage. Thus, it is necessary to modify the
applicatioa program so that it may be emploved with the semicun-
- ductor auxiliary storage.

In the second approach, after the device driver is actuated, the
semiconductor storage device is set in its activated conmdition. A
BOOT program is stored in 2 semicenductor device and the main body
of software cannot be set up on an -active condition. Then, it is not
possible to store the OS itself in the semiconductor auxiliary storage,
and it is not possible to incorporate a medium copy program, i.e.,
copied into such a storage, or from a floppy disk to floppy disk and,
further, is dependent on a BIOS which has a high dependency on the
0S.

The document FR-A-2 587 824 discloses, for use with for
instance a personal' computer, a semiconductor auxiliary
storage means in the form of an exchangéable extension board.
Tr;e extension board includes semiconductor memory chips, a
battery for supplying .pcwer to the memory chips and a bus
converter for signal conversion between the bus of the
personal computer and the bus connecting the memory chips in
.such a way that the extension board can be use& in the same
way as a diskette.

It is an object of the present invention to solve the above men-
tioned problems.

It is another object of this invention to provide a compact, light
weight, highly reliable and high speed information processfng system
while permitting the utilization of the existing software applications

and programs created and written as targeted for use with particular

conventional memory means, such as a ﬂoppy dxsk memory or a

hard disk memory.
. Sheet Has Been Reilaced
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Summary of the Invencion

These objects are achieved with an information

processing system, a semiconductor auxiliary storage means

and a method as claimed in claims 1, 9 and 10, respectively.

According to this invention, a information processing system of
the present invention employes a semiconductor auxiliary storage as
an auxiliary storage. A basic input/output program stored in the
main body of the system accesses the semiconductor auxiliary stor-
age when it receives an address request for a magnetic auxiliary

storage or memory means, which reguest originates from the execu-
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“tion of a2 host program. | The accessing is accomplished by translating
an address for the magnetic storage into an address for the semicon-
ductor auxiliary storage. The address translation is accomplished by
utilizing [D information for the magnetic storage which has previ-
ouSly been written into the semiconductor auxiliary storage. The
basic input/output program converts the access request for the mag-
netic storage from an application software or a disk operating system
(DOS) to an access request for the semiconductor auxiliary storage
and executes the request. An address for the semiconductor auxil-
tury storage is obtained by reading out the corresponding ID infor-
mation based on the address for the magnetic storage and putting
the ID information and the address for the magnetic storage into a
predetermined mathematical formula.

[t is preferred that the semiconduétor auxiliary storage contains
both a read-only storage and a erase/write storage capacity and that
the information processing system include means for copying a por-
tion ot the content of the read-only storage of the semiconductor
auxiliary storage into the erase/write storage. When an access is
made to the semiconductor auxiliary storage having the portion of
the content of the read-only.storagc copied into the erase/write stor-
age, it -is preferred that the information pfoccssing system includes
means for translating physical address of a source area to a physical
address of a target area. When the portion of the content of the
read-only storage of the semiconductor auxiliary storage has been
copied into the erase/write storage and an access request is issued to
the source area, the access is made by employing a sum of the ad-

dress and a value determined by the capacity of the copied into area
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as a2 physical address. In this manner, the access is made to the tar-
get area. Further, when ari access is made to the scmiécnducmr
auxiliary storage, means may be provided for determining whether
the semiconductor auxiliary storage is to be handled as 2 floppy disk
tvpe magnetic storage or a hard disk type magnetic storage based on
2 determination of the capacity of the semiconductor auxiliary stor-
age.

It is preferable that the semiccnductor auxiliary storage be con-
structed for easy removable mounting in the information processing
system. |

Other objects and attainments together with a fuller understand-
ing of the inventon will become apparent and appreciated by refer-
ing to the following description and claims taken in comjunction with
the accompanying drawings.

Brief Description of the Drawings

Fig. 1 is a block diagram of one embodiment of an information
orocessing system comprising the present invention.

Fig. 2 is a block diagram of an internal configuration of a semicon-
ductor auxiliary storage employed relative to this invention.

Fig. 3 is a store status of capacity information by memory type in
a control register.

Fig. 4 is a hierarchy block diagram of the system coafiguration for
the embodiment shown in Fig. 1.

Fig. 5 is a flow chart of read and write processes of the BIOS to a

software interrupt INTI1H, from the DQOS.
Fig. 6 is a store status of ID information.

Ftg. 7 is a memory space of_the semiconductor. anxiliary storage.
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Fig. 8 is a flow chart of read and write processes of the BIOS to the

software interrupt INTIBy from the DOS for selecting a processing
procsdure based on the capacity of the semiconductor auxiliary stor-

age.
Fig. 9 is a flow chart of a1 process for determining a capacity for
each memory type of semiconductor auxiliary storage.
Fig. 10 is a relationship among a data format. a memory type and
a logical address in the memory space of semiconductor auxiliary
storage.

Fig. Il is a flow chart of a copy process.

[{D]

it
Q

g. 12 is a flow chart of a translation process from a logical ad-
dress to a physical address.

Fig. 13 is a flow chart of a fo;ma: track process.

Fig. 14 is a block diagram of a prior art information processing
system. .

Description of .'the Preferred Embodiments

Referring now to Fig. 1 there is shown information processing
system | of this invention comprising CPU 1A, main storage 2, BIOS
ROM 3, Keyboard 4, display 5, semiconductor storage 9, expansion
floppy disk 10 and expansion hard disk 11 all connected to system
bus 26. Main srorage'Z and BIOS ROM 3 are sométimes referred to
collectively as the main storage .of system 1 but they are separately
referred herein. |

CPU 1, main storage 2, keyboard 4, and display 5 are identical to
those employed .in the conveational information processing system
shown in Fig. 14. A physical structure of BIOS ROM 3 is also identical

to 2 conventional BIOS but the content of 2 program stored therein is
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different in part because of the necessity to drive and control semi-
conductor auxiliary storage 9 instead of hard disk 6 and floppy disk
7 in the coaventional system. Expansion floppy disk 10 and expan-
sion hard disk 11 may be added as required in order to support the
operation of semiconductor auxiliary storage 9. For example, these
expansion disks may be added when semiconductor auxiliary siornge
9 is not sufficient alone for the memory capacity necessary for auxil-
iary storage. On the other hand, these expansion disks are not al-
ways necessary.

Fig. 2 is a block diagram of an internal configuration of semicon-

uq

ductor auxiliary storage 9. Semiconductor auxiliary storage 9 com-
prises memory circuit 21 including a semiconductor integrated cir-
cuit, data register 22, address register 23 and control register 24.
Memory circuit 21 contains two types of memories: a read-only
memory (ROM) and an erase/write memory (RAM). Semiconductor
auxiliary storage 9 is physically supported on a structure generally
referred to as an IC card. [t has a card-like plate structure, and
when it is plugged into connector 25 to system bus 26,' electricul con-
nection is made to system bus 26. In Fig. 2, only one semiconductor
auxiliary storage 9 is illustrated for purposes of simplification but a
plurality  of such storage structures are usually provided so that a
large amount of data may be stored among semiconductor auxiliary
storages or separate semiconductor auxiliary storages are employed
for storing software programs as well as for storing data.

“The functional operation of storage 9 is generally as follows
Address rc_glster 23 designates an address.in memory circuit 21. A,
start address for access by CPU b to memory circuit 21 is set by CPU
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| into address register 22 through system bus (I/Q bus) 26. Aftv:rl
the start address has been set in address register 23, data is written
into data register 22 and the dara is automatically written into that
address in memory circuit 21. When the data is written into data
register 22, address register 23 is automatically incremented so that
data can be written into the next address. Similarly, when the siart
address is set in address register 23 and data is read from data
register 22, the data is automatically read from that address of
memory circuit 21.  When the dam is read. address register 23 i
automatically incremented and data can be read out from the next
address. |

Control register 24 stores an identification code or device infor-
mation indicative of the meu;iory-type of semiconductor auxiliary
storage 9. Fig. 3 shows a Store status in control register 24 of the
memory. capacity by memory type which is a portion of the device
information of semiconductor auxiliary storage 9. Fig. 3JA shows a
type register which indicates the memory type of niemory circuit 21.
When bit 0 (MKO) of the register is "1", this indicates that the mem-
ory type of memary circuit 21 is a2 RAM. Similarly, bit-1 (MK!) indi-
cates a mask ROM, bit 2 (MK2) indicates a P-ROM, and bit 3 (MK3)
indicates an EEPROM.

Fig. 3B shows a capacity register which indicates the erase/write

memory capacity of memory circuit 21. When the bit 0 (WCO) of the

register is “1”, this indicates that the erase/write capacity is 64 kilo-
bytes (KB). Similarly, bit 1| (WC1) indicates 128 KB, bit 2 (WC2) indi-
cates 256 KB, bit 3 (WC3) indicates 512 KB. bit 4 (WC4) indicates !
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MB, bit 5 (WCS) indicates 2 MB, bit 6 (WC6E) indicates 4 MRB, and bit 7
(WC7) indicates 8§ MB.

Fig. 3C shows a capacity register which indicates the read-only
memory (ROM) capacity of memory circuit 21. When bit 0 (VCO) of
the register is "1, this indicates that the ROM capacity is 64 KB.
Similarly, bit 1 (UC1) indicates 128 KB, bit.2 (UC2) indicates 256 KB,
bit 3 (UC3) indicates 512 KB. bit 4 (UC4) indicates 1 MB, bit 5 (UCS)
indicates 2 MB, bit 6 (UC6) indicates 4 MB, and bit 7 (UC7) indicates 8
MB. The contents of those registers are detected by reading out a
specific [/O port address of the information processing system | and
the memory type and the memor}} capacity of semiconductor auxil-
iary storage S which is currently loaﬁ_ied can be determined based on
the contents of these registers.

As previously indicated, semiconductor auxiliary storage 9 is re-
movably -mounted onto system bus 26 through connector 25. Storage
9, therefore, may be exchanged for use relative to each program or
data stored in storage 9 as in the case of a conventional floppy disk.
Since Storagc 9 is of a card shape by utilizing semiconductor inte-
grated circuits for memory storage, it is easy to transport and handle.
Since 2 ROM is used entirely or partially in memory circuit 21, one
software may be copied in volume as compared to one-to-one copy
in the case of a floppy disk. Accordingly, this approach is effective
‘for the distribution of the software.

The operation of information processing system | of the present

embodiment will now be expiained.

Fig. 4 shows a hierarchy block diagram of the system configura-

tian of the system 1 relative to operation in a file access mode.
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Application software 4! exists at the top level of hierzrchy., Next is
disk operating system (DQOS) 42 which handles software interruptions
due to file input/output requests from application software 41.
Below DOS 42 is a basic input/output system (BIOS) 43 which is
tirmware that coatrols the lower level input/output operations rela-
tive to operation of hardware 44. The general configuration of
hardware 44 is shown in Fig. . CPU 1 may, for example, be an Intel
16 bit microprocéssor 8086. DOS 42 may be Microsoft MS-DOS. BIOS
43 may be one of the input/output systems of the disk requested by
the software interrupt INTIB, from DOS 42. BIOS 43 is stored in
BIOS ROM 3 rogether with an IPL and it operates under the control of
CPU 1. DOS 42 and application software 41 are generaily stored in
semiconductor auxiliary storage 9 and they are tl;ansferred to main

siorage 2 and executed by CPU . DOS 42 may be stored in BIOS ROM

-
-

When the information processing system shown in Fig. 1 is
started, CPU 1 executes the IPL stored in BIbS ROM 3 and transfers
DOS 42 stored in semiconductor auxiliary storage 9 to .main storage 2.
Then, CPU 1 rtransfers application software 41 stored in scrﬁic'onduc-
tor auxiliary storage 9 to main storage 2 and the appliéition software
is executed under the control of DOS 42.

Application software 41 and DOS 42 are prepared on the assump-
tion that the magnetic storage, such as the floppy disk or the hard
disk, is employed as auxiliary storage. Accordingly, BIOS 43 is re-
quested by DOS 42 or application software 41 to access the floppy
disk or the hard disk. However, BIOS 43 converts the access request

for the magnetic storage to an access request for semiconductor
This Sheet Has Been Replaced:
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auxiliary storage 9 in the following manner. Accordingly, DOS 42 and

application software 41 see the auxiliary storage as the magnetic
storage but, in fact, is semiconductor auxiliary storage 9. In other
words, in the present system, semiconductor auxiliary storage 9 is
treated as if it is the magnetic storage or memory means. As a re-
sult, information processing system 1 can make use of existing appli-
cation software without any need or requirement of changing the
content thereof including any necsssary adaptation to interface with
semiconductor auxiliary storage 9.

Fig. 5 is a flow chart of the read and write processes of BIOS 43
for the software interrupt INTIBy from DOS 42. When application
software 41 issues a file input/output request to DOS 42, DOS 42 de-
termines a drive associated with that file and issues the software
interrupt, INTIB,;, to BIOS 43. DOS 42 requests BIOS 43 for access to
either the floppy disk or the hard disk. BIOS 43 determines the
drive associated with the request (step 101), i.e., it determines a
drive number and determines if the request is- to semiconductor
auxiliary storage 9, which is treated as if it were the floppy disk or
the hard disk, or to expansion floppy disk 10 or to exp':_msicn hard
disk 11.. If the request is access to expansion floppy disk 10 or ex-
pansion hard disk [l, the normal read/write process for the software
| interrupt INTI1B, is carried (step 106). [f the request is access to
semiconductor auxiliary storage 9, the content of the ID information
stored in. semiconductor auxiliary storage 9 is examined to determine
if the correct ID information has been formatted (step 102). The ID
information .is track [D information which would normally be written

in a magnetic auxiliary storage or memory means. It is the informa-
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tion necessary for 810OS 43 1o cransiate the disk address to an aadress

in semiconductor auxiliary storage 9. If the ID information has not
been formatted, the address translation cannot be carried out and an
arvor process is carried out (step 105). The ID information will be
explained in detail later. If the [D information has been correctly
formatted, the disk address (cylinder number, surfacs number and
sector number) is translated into an address in semiconductor auxil-
iary storage 9 tased on the content of the ID information stored in
semiconductor auxiliary storage 9 (Stép 103) and an input/output
process is carried out (step 104). The address transiation in the step
103 will be explained in derail later. |

By the provision of the discrimination function to determine
whether BIOS 43 requests the access to semiconductcr auxiliary stor-
age 9 or not. and the address translation function and the in-
put/ou:puf function for semiconductor auxiliary storage 9 by the
reference of the ID information, application software 41 and DOS 42
need not be concerned thar semiconductor auxiliary storage 9 is em-
ployed as the auxiliary storage rather than a conventional magnetic
storage memory means. [t can be treated as if the floppy disk.or the
hard disk is employed as the auxiliary storage.

Referring to Fig. 6, the track ID information for the magnctic_s:or-
age is now explained. In this particular example, semiconductor
auxiliary storage 9 is treated 2 640 KB floppy disk. Fig. 6 shows a
format of the ID information stored in the first 1 KB area of semicon-
ductor iuxiliary Stomge 9. The ID information inciudes four bytes,
ane hyte for each cylinder number (C), surface number (H), the num-

ber of sectors (R) and the length of sector (N) for each-track. ‘The
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cvlinder numbsr (C) is usually written in 2n ID area in one sector of
one track of a floppy disk. and the surface number (H) is also written
in the ID area of the floppy disk. The surface number "00" indicates
a2 front surface and "Ol" indicates a rear surface. The number of
sectors (R) indicates the number of sectors in a track. In the present
embodiment, the number of sectors is eight for each track. The sec-
tor length (N) indicates the sector length in accordance with a sector
length code of Table 1. Bit 7 thereof indicates whether it is single
density or double density. In the present embodiment, each track is

of singie density and has 512 bytes.

N 0 1 2 3 4
SECTOR LENGTH 128 256 512 1024 2048
N 5 6 7 '8 OR LONGER
SECTORLENGTH | 4096 8192 16384 32768
Table 1

In Fig. 6, numbers in the leftmost column indicate the top address
of the ID information of the respective tracks. As many 4-byte ID
i'nformatiog for the tracks is provided as the number of tracks of a
virtual floppy disk. and entire track ID inform:uion. 61 having ghe
same data content as that of lost rack [D information 60 is stored in
the last four bytes of the top | KB of memory. The top address
(hexadecimal 27C in the present .invention) of last track ID informa-
tion 60 can be calculated based on entire track ID information 61 by

the following formula: :
heet Has Been Replaced
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By letting C = 4F and H = 1 in the above formula, the ‘result is:
(4Fx2+ 1) x4 =27C.

The transiation from 2 standard disk address to an address on

semiconductor auxiliary storage 9 is now explained. A memory
space of semiconductor auxiliary storage 9 is allotted as shown in Fig.
7. The ID information shown in Fig. 6 is stored in the top 1 KB of
memaory and da:@a is stored iﬁ 'subscquendy designated areas in the
order of track number. '

The rtranslution of the disk address to the address on semiconduc-
tor auxiliary storage 9 by BIOS 43 is carried out in the following
manner after it has been checked that the ID information stored in
the top 1 KB of semiconductor auxiliary storage 9 has been correctly
formatted. First, based on parameters Ci and Hi 'rel:m'ng to the cylin-
der numbér and the surface number which are portions of the disk
address delivered from the software interrupt INTI1B,,, the top ad-
dress of the ID information of the corresponding track is calculated
by the following tormula:

(Cix 2+ Hi) x4

For example, by putting Ci = | and Hi = 1, which represent the
third track into the above formula, we obtain "DOC". Then, based on
a parameter Ri relating to the sector number, which is a portion of
the disk address delivered from the software interrupt INT1B,, the
cylinder number (C), the surface number (H), the number sectors (R)
and the sector length (N) are obtained by accessing the top address
of the ID information calculated in accordance with the abov.e for-

muia and an input/output address of semiconductor auxiliary storage
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9 corrcsbonding to the disk address is calculated in acsordance with
the following formula (1) or (2):

400H + ((Cx 2+ H)x R +Ri-1} x 128 x 2V (1)

400H + (Cx2+H)xRx128x2¥x2 +(Ri - 1) x 128 x 2V (2)

Formula (1) is used in the case of double density while formula
(2) is used in the case of single density. The single density and the
double density can be discriminated by bit 7 of the sector length, as
previously described.

[n formulas (1) and (2), 400H (where H represents a hexadecimal
aumber) indicates the top 1 KB in which the ID informaton is storad,
(C x 2 + H) indicates the number of tracks arranged before the track
in question on the assumption that there are two surfaces, (C x 2 + H).
R indicates a sum of the numbers of se.c_to'rs arranged before the
rrac'k in question, and 128 x 2V indicates the sector length by bytes
in accordance with Table 1. The differen_ce between tormula (1) and
formula (2) is because the number of sectors (R) for single density is
one half of the number of-sectors (R) for double density.

In the present embodiment, semiconductor auxiliary storage 9 is
employed as a floppy disk. It may also be employed as a hard disk
in accordanée" with the same philosophy. In this case, the ID infor-
mation for a hard disk is written into semiconductor auxiliary stor-
age 9. When an access request to the hard disk is issued for BIOS 43,
BIOS 43 accesses semiconductor auxiliary storage 9 to deliver the
fetcched data to DOS 42 or application software 41 as the data from

the hard disk.
Semiconductor auxiliary storage 9 is removible through coanector

25 as explained in connection with Fig. 2. As a result, a semiconduc-
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loaded dcpcn&ing on the application. Usually, the hard disk has a
larger capacity than the floppy disk. Thus. scrﬁiconduczor auxiliary
storage 9 which has. a refatively large capacity is employed as a hard
disk and semiconductor auxiliary storage 9 which has a relatively
small capacity is employed as a floppy disk. [n processing the soft-
ware interrupt INTIB, of the BIOS 43, whether the semiconductor
auxiliary storage-is to be treated as a hard disk or a floppy disk is
determined by the capacity of semiconductor auxiliary storage 9.

Fig. 8 is a flow chart of a process for the software interrup.
INT1B, of BIOS 43. When application software 41 requests a file in-
put/output request to DOS 42, DOS 42 issues the software interrupt
INT1By to BIOS 43. BIOS 43 determines to which device the request
was issued from in order to determine whether or nat it is to semi-
conductor auxiliary storage 9 (step 201). If it is not to semiconductor
auxiliary' storage 9, then 1 normal INTIB“. process is carried out (step
205) as is known in the art. If it is to semiconductor auxi!-iary stor-
age ‘9, the capacity thereof is examined to determine if it is less than
I MB or not (step 202). If it is less than 1 MB, an input/output prd
cess to treat semiconductor auxiliary storage 9 as the floppy disk is
carried out (step 203). The step 203 in Fig. 8 corresponds to the
trcatmcht designated in dotted line box 110 of Fig. 5. In stcp-ZOZ. if
the capacity is more than | MB, an input/output progcss is carried
out to treat semiconductor auxiliary storage 9 as the hard disk (step
204).

Fig. 9 is a flow chant for determining the capacity by memory type
of semiconductor auxiliary storage 9 which is required in the step

Sheet Has Been Replaced
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202 in Fig. 8. As a preprocess to determine the memory type, the

flags for indicating the memory type, i.e., the ROM flag and the RAM
flag are cleared to zero (step 301 and 302). Then, a determination or
examination is made as to whether or not the RAM content has been
loaded into semiconductor auxiliary storage 9 (step 303). If thé RAM
has been loaded, the RAM capacity is determined by the erase/write
capacity register (step 304), as per the description in coanection with
Fig. 3B, and the RAM load flag is also set (step 305). The RAM ca-
pacity -can be calculated by multiplying the conteat of the
erase/write capacity register by 64 ‘KB. Then, the memory type reg-
ister is again examined to determine whether the ROM content has
been loaded into scmi.conduczor auxiliary storage 9 (step 306). If the
ROM has been loaded, the capacity of the ROM is determined by the
non erase/write capacity register (step 307), as per the description
in connection with Fig. 3C, and a2 ROM load flag is also set (step 308).
In this manner, the capacity for each memory type of semiconductor
auxiliary storage 9 can be determined.

When memory circuit 21 of semiconductor auxiliary storage 9 is
set up to be a ROM only memory, it is not possible to store additional
data prepared in information processing system 1. If storage 9 is set
up to be a RAM onily memory, the stored data is destroyed when a
' bnck-up'-power system, such as a battery, becomes exhausted. Thus,
the programs and data which are necessary as a minimum are stored
‘in the ROM. and the programs and data modified during program ex-
ecution are copied into the RAM during system initializaiion. When
semiconductor auxiliary storage 9 is thereafter empioyed, the copy

area is accessed by translating a logical address to a target physical
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address. I[n this way, the minimum réquired programs and data

originally writtea into storage 9 and modified are aot erased and any

newly generated data may be additionally stored. This method of

operation is now explained in detail.

'Figs. 10 illustrates the relationship among the data formar., the
memory type and the logical address of semiconductor auxiliary
storage 9. Fig. 10A is a data format of an O-S -:md is specifically rep-
resentative of Microsoft MS-DOS. Figs. 10B and 10C show memory

types associated with appropriate address locations.

The data format of Fig. 10A comprises spare area 31, block controtl -

area 52, eatry control area 53 and erase/write data area S54which should

be in the erase/write memory or RAM because its contents may be
modified. * On the other hand, data area 55, which need only be read,
may be in the ROM.

In Fig. 10B, initial programs and initial data of spare area 51,
block control area 52, entry control area 53 and erase/write data
area 54 have been previously stored in first ROM area 56, and the
data of read-only data area 55 has been previously stored in second
ROM area 57. ID information has been stored in the top 1 KB of first
ROM area 56. The data corre.spondir':g to the RAM capacity is trans-
‘ferred from the ROM area to RAM area 58 so thar the semiconductor
auxiliary storage is initialized. A boundary of first ROM area 56 and
second ROM area 57 is determined by the capacity of RAM area 58.
The portion of the ROM area which has the same capacity as RAM
area 58, which is 128 KB, is allotted from the top of the ROM area
starting with first ROM area 56 and the remaining portion is second

ROM area 57.
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The copying is carried out by executing a copy program stored in
BIOS ROM 3 via CPU 1. The copy mechanism comprises the copy pro-
gram, CPU 1 and main storage 2. Fig. 1l shows a flow chart of the
copy process. First. the capacity of RAM area 58 is determined (step
401). The method for determining this capacity has been previously
described in connection with Fig. 9. When there is no RAM area 358,
i.e., when the capacity of RAM area 58 is zero, no (ransfer process is
carried out and the process is terminated. When the capacity of RAM
area 38 is determined, an end position of first ROM area 56 is calcu-
lated based on the capacity (step 402). Then, the data of first ROM
area 56 is copied to RAM area 58 (step 403). Thus, the copy process
_ is completed and semiconductor auxiliary storage 9 is initialized.
Fig. 10C shows the _meinory type as well as the logical address and
the physical address. The term logical address as used therein
means an address which indicates a virtwal logical spoce for the in-
formation processing system for semiconductor auxiliary storage 9
after initialization via the copying process described above. The
physical address means an address which indicates a physical space.
Physically, a 4 MB ROM (first and second ROM areas 56 and 57) fol-
lowéd by the 128 KB RAM 58 is arranged, but BIOS 43 is treated as if
the 4 MB-128 KB second ROM area 57 exists following the 128 KB
RAM area 58, as shdwn in the logical address column of Fig. 10C.

Fig. 12 is a flow chart of a process for converting a logical address

to a physical address when BIOS 43 accesses the initialized semicon-
ductor auxiliary storage 9 in response to a software interrupt INTIB,,
to read and write data. First, the disk address is translated to a logi-
cal address of semiconductor nuxiliﬁry storage 9 (step 404). The

~ This Sheet Has Been Replaced
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method for translating the di#k address to the logical address has al-
ready been explained in connection with Fig. 5 and it is ‘omitted here.
The translated address corresponds to the logical address-shown on
' the right hand of the memory space of Fig. 10C. Then, whether or
not the transiated logical address is smaller than the RAM capacity
(indicated in bytes) is determined (step 405). In the present embod-
iment example, since the RAM capacity.is 128 KB, whether or not the
logical address is smaller than 128 KB is determined. In step 405, if
the logical address is smaller than the RAM capacity, a sum of th-
logical address and the ROM capnciq; (total capacity of the first and
second ROM areas) is employed as a real address or the physical ad-
dress of semiconductor auxiliary storage 9 (step 406). Since the ROM
capacity is 4 MB in the present embodiment, 4 MB is added.
Accordingly, the logical address actually designates a point in RAM
area 58. On the other hand, in step 405, if the logical address ex-
ceeds the RAM capacity, the logical address is empioyed as the
physical address in its préscnt form (step 407). This address desig-
nates a point in second ROM area 57.

In accordance with this- method, the semiconductor auxiliary stor-
age .provides for the modification of basic programs and data while
they are nonvolatility retained in memory. In the present embpdi-
ment, the logical address of RAM area 58 is smailer-than .the logical
address of second ROM area 57, although the logical ad&re’ss of RAM
area 58 may be arbitrarily selected. In this case, the translation al-
gorithm from the logical address to the physical address needs to be

appropriately modified.
: . This Sheet Has Been Replaced
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Attention is now directed to a format track process which is

equivalent to the format track processs for the floppy disk and the
hard disk. For semiconductor auxiliary storage 9 having memory cir-
cuit 21, which is configured as RAM only memory, and in which no
information has been wn’:tén, a format track process must be carried
out. Fig. 13 is a flow chart of the formar track process for one track.
The format track process, however, is sequentially accomplished
from the track O to the last track. In the case of track 0, when BIOS
43 receives a request for the format track: process from DOS 42, BIOS
43 determines the device associated .with the request and deter-
mines whether the request is to semiconductor auxiliary storage 9 or
to other [/O devices, for example, expansion floppy disk 10 or ex-
pansion hard disk 1l (step 501). If the request is not to semiconduc-
tor auxiliary storage 9, a normal INTI1By format track process is car-
ried out (step 505). If it is to semiconductor auxiliary storage 9, the
address on semiconductor auxiliary storage 9 is calculated based on
the disk address for track 0 and an area corresponding to a one-track
capacity below the calculated address is filled out by a predeter-
mined data pattern. As an example, the memory space in Fig. 7 is
immediately after the [D information area, i.e., address 400. The
data pattern, "E5" is usuaily employed for all words. Thus, the area
is filled out by data containing no information. Then, the ID infor-
mation- of the track corresponding to the disk address (disk address
indicating track Q) is written into the ID information area (step 503).
As an example, the ID information area of Fig. 6 is written into the
four-byte area (addresses 000 to 003). Then, the same data as the
[D information on track 0 immediately written before is wnucn into

- This Sheet Has Been Replaced
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the last four-byte area of the ID information area as the entire track
[D ihfonnation (step S04). With reference to the [D information area
of Fig. 6 as an example, the [D information of the track 0 is written
into the area starting at the address 3FC. Thus, the format track pro-
cess of the track O is compieted and the format track process of track
1 is then carried out. The data area following the data area of track
0 is filled with "E5", the [ID information of the first track is written
into the four-byte area following the ID information of track 0 and
the entire track ID information of the area starting at address 3FC °
rewritten as the [D information of the first track. The same process
is repeated until the final track is reached and the format track pro-
cess for the semiconductor auxiliary storage is then complete. I[n this
manner, the DOS and the application program may be handled by
semiconductor auxiliary storage 9 in the same manner as they are
handled by a hard disk memory or a floppy disk memory.

Since the format track process is carried out in the manner de-
scribed above, whether or not the formatting is normally doae is
determined by' checking whether the entire track ID information cc
incides with the last track ID information. If the format process is
interrupted and not carried out, normally the ‘entire track [D infor-
mation does not coincide with the last track ID information.

- While the im)ention has been described in conjunction with spe-
cific embodiments, it is evident to those skilled in the-art that many
further alternatives, modifications and variations will be apparent in
light of the forgoing description. . For example, Microsoft DOS is em-
pioyed in the embodiment disclosed although the implementation of
the present inveation need nq_;___ggg_i_g\_i_;gd_ w0 a DOS type system.
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Further, the preseat invention is not limited to the BIOS for the pur-

poses of software interrupt INTIB, but, for example, a disk in-
put/output routine which inputs and outputs to and from semicon-
ductor auxiliary storage 9 may be. employed. Thus, the invention de-
scribed herein is intended to embrace at such alternatives, modifica-
tions, applications and variations as fall within the spirit and scope of

the appended claims.

- This Sheet Has Been Replaced

[ lIl




LI Hllllll IIIIII mu I!lll I! llll

25
26 JAN 1998

CLAIMS

1. An information processing system comprising:

‘a central processing unit {1A) for executing a program;

a main storags (2} for temporarily storing the program to be executed by said central
processing unit and data generated by the execution of the program;

semiconductor auxiliary storage means (8) removably mounted to a system bus of
said information processing systam through connector means (25), adapted to transfer memory
content to and from said main storage, and comprising RAM means (21), ROM means (21) and
control register means (24);

a memory (3} for storing a basic input/output program to controi hardware of said
auxiliary storage means;

wherein said basic input/output program is designed to access said auxiliary storage
means when an access request to an auxiliary storage means construed as magnetic disk is
received as a resuit of the execution of a host program; and

means for converting a disk address into a specific address of the semiconductor
auxiliary storage means,

wherein said controf register means (24) stores an identification code (ID) indicative of
the memory type of said semiconductor auxiliary storage means and its capacity.

2. The system according to claim 1, wherein said semiconductor ai:xiliarv storage
means (9) stores a program including an access request t0 magnetic storage memory means.

3. The system according to claim 1 or 2, wherein said information processing system
including means for copying a portion of the content of said ROM means (21) to said RAM
means (21) of said semiconductor auxiliary storage means (9).

4. The system according to claim 1, 2 or 3, further comprising means for transiating a
physical addrass of a source of copy to a physical address of a targat of copy whan access is
made to said semiconductor auxiliary storage means wherein a portion of the content of said
ROM means {(21) has been copied to said RAM means (21) of said semiconductor auxiliary
storage means (9).

§. The system according to any of claims 1 to 4, wherein access to said semiconduc-
tor auxiliary storage means (9) is accomplished by means to transiate an address for magnetic
storage memory means to an address for said semiconductor auxiliary storage means.

6. The system according to claim 5, wherein said semiconductor auxiliaiv storage
means (9) stores track ID information designated for magnetic starage memory means, said
transiation means employing said track 1D information to make said address transiation.
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7. The system according to any of the preceding claims, further comprising means for
determining whether said semiconductor auxiliary storage means (3) is to be treated as a
floppy disk magnetic storage or a hard disk magnetic storage based on the capacity of said
semiconductor auxiliary storage means when an access is made to said semiconductor auxiliary
storage means.

‘8. The system according to any of the preceding' claims, wherein said semiconductor
auxiliary storage means (3} is removably mounted within said information processing system.

9. A semiconductor auxiliary storage means for use as a substitute for auxiiiary
magnetic storage memory means adapted to transfer memory content thereof to and from a
main storage of an information processing system, such as to permit the utilization of existing
software applications and programs targeted for use with said auxiliary magnetic storage
memory means and comprising means to receive an address request for said auxiliary magnetic
storage memaory means and translate an address for said auxiliary magnetic storage memory
means into an address for said semiconductor auxiliary storage means (9), said semiconductor
auxiliary storage means comprising RAM means {21), ROM means (21) and control register

" means (24), wherein said control register means (24) stores an identification code (ID) indica- -

tive of the memory type of said semiconductor auxiliary storage means and its capacity.

10. A method of utilizing a semiconductor auxiliary storage means (9) in an informa-
tion processing system while permitting the utilization of previously existing software targeted
for use with conventional magnetic storage memory means comprising the steps of:

storing in said semiconductor auxiliary storage means (9) ID information correspon-
ding for said conventional magnetié storage memory means,

capturing an access request for said conventional magnetic storage memory means,

translating an address based on the access request for said conventional magnetic
storage memory means t0 an address based on access to said semiconductor auxiliary storage
means employing said ID information, and :

thereafter executing the transiated request.
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INFORMATION PROCESSING SYSTEM AND SEMICONDUCTOR
AUXILIARY STORAGE FOR USE IN THE SYSTEM

Background- »f 'tt-:e Invention

This invention relates generally to an information processing sys-
tem of a relatively small size such as a personal computer, and more
particularly to an information processing system having 2 compact
and high spesd auulurv storage for storing data and programs.

A conventional information processing syStem' is generally config-
ured as shown in Fig. 14. Such a system comprises a central process-
ing unit (CPU) | which is a heart of the system. CPU 1 is connected
through system bus 26 to main storage 2 in which programs and
data transferred from the auxiliary storage and intermediate results
ot: programs being executed are stored, read-only mcfnory (ROM) 3
which stores a basic input/output system (BIOS), keyboard 4 which
functions as an input device to the system, display 5 which functions
as an output device, a hard disk 6 and a floppy disk 7 which function
as an :}uxilia-ry storage to store programs and data. |

When power is turned on to the system, the system is reset and
initialized and CPU 1 executes an initial load program (ILP) stored in
BIOS ROM 3 to transfer the programs from hard disk 6 oc the floppy
disk 7 to main storage 2. Thereafter, CPU 1 executes the programs
transferred to main storage 2 to accomplish the objectives of the

programs.
The magnetic storage such as hard disk 6 or floppy disk 7 which

are employed as the auxiliary storage has a limit in-its possible size

reduction, weight reduction and power consumption reduction. As a
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result, the presence of the magnetic storage imparts a large restric-
tion to the realization of a compact information system featuring ac-
tual portability. |

Sincs the prior art floppy disk drive or the hard disk drive in-
cludes a mechanical rotary portion and a mechanical operation for
maving a read/write head relative to a magnetic medium. access
time can de necessarily long and the operation of the drive slow.
Further, the mechanical operation involved during the access opera-
tion is noisy.

Beside the forgoing disadvantages, it is known that the magnetic
storage is relatively weak with respect to a strong magnetic field and
a high temperature and humidity environment.

[n order to avoid the problems encountered in the magnetic stor-
age, attempts have besn made to use a semiconductor storage by
tollowing two different approaches. I[a the first approach, an appli-
cation program, i.e., a data processing program which allows a user to
visually interact with the program and confirm a result, switches
banks of the semiconductor auxiliary storage and access is accom-
plished to the semiconductor auxiliary siorage' which is deemed as a
part of the main storage of the system. In the second approach, the
access is made through a device drive program, i.e., a device driver,
as a'spcciﬁc auxiliary storage and functions as a part of the operating
system (0OS).

However, in the first approach, an application program is designed
to have a high dependency to particular type and kind of memory
employed. An existing application program is usually created and

peepared on the assumption that a hard disk or a ‘floppy disk is em-
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ployed as an auxiliary storage. Thus, it is necessary to modify the
application program so that it may be employed with the semicon-
ductor auxiliary storage. |

In the second approach. after the device driver is actuated, the
semiconductor storage device ils set in its activated coandition. A
BOOT program is stored in 1 semiccaductor device and the main body

of software cannot be set up on an active condition. Then, it is not

gossible to store the OS itseif in the semiconductor auxiliary storage,

and it is not possible to incorporate a medium copy program, i.e.,
copied into such a storage, or from a floppy disk to floppy disk and,
further. is dependent on a BIOS which has a high dependency on the
0s.

The document FR-A-2 587 824 discloses, for use with for
instance a personal computer, a semiconductor auxiliary
storage means in the form of an exchangeable extension board.
The extension board includes semiconductor memory chips, a
battery for supplying .pcwer to the memory chips and a bus
converter for signal conversion between the bus of the

personal computer and the bus connecting the memory chips in

such a way that the extension board can be used in the same

way as a diskettea.

It is an object of the present invention to solve the above men-
tioned problems.

It is another object of this invention to provide a compact, light
weight, highly reliable and high speed information proccssfng system
while permitting the utilization of the existing software applications
and programs created and written as targeted for use with particular
conventional memory means, such as a floppy disk memory or a

hard disk memory.
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Summary of the Invention

These objects are achieved with an information
processing system, a semiconductor auxiliary storage means

and a method as claimed in claims 1, 9 and 10, respectively.

According to this invention, a information processing system of
the present invention employes a semiconductor auxiliary storage as
an auxiliary storage. A basic input/output program stored in the
main body of the system accesses the semiconductor auxiliary stor-
age when it receives an address request for a magnetic auxiliary

storage or memory means, which request originates from the execu-
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tion of a host program. The accsssing is accomplished by translating
an address for the magnetic storage into in address for the semicon-
ductor auxiliary storage. The addrass translation is accomplished by
atilizing (D information for the magnetic storage which has previ-
ously been written into the semiconductor auxiliary storage. The
basic input/output program convers the access request for thé mag-
netic storage from an appiication software or a disk operating system
(DOS) to an access request for the semiconductor auxiliary storage
and executes the request. An address for the semiconductor auxil-
lary storage is pbtained by reading out the corresponding [D infor-
mation based on the address for the magnetic storage aand pu'tting
the ID information and the address for the magnetic storage into a
predetermined mathematical formula.

[t is preferred that the semiconductor auxiliary storage contains
both a read-only storage and a erase/write storage capacity and that
the information processing system include means for copying a por-
tion of the content of the read-oanly storage of the semiconductor
auxiliary stofage into- the erase/write storage. When an access is
made to the semiconductor auxiliary storage having the portion of
the content of the read-only storage copie'd into the erase/write stor-
age, it ‘is preferred that the information processing system includes
means for translating physical address of a source area to a physical
address of a target area. When the portion of the content of the
read-only storage of the semiconductor auxiliary storage has been
copied into the erase/write storage and an access request is issued to
the source area, the access is made by employing a sum of the ad-

dress and a value determined by the capacity of the copied into area
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as a physical address. [n this manner, the accsss is made 1o the tar-
gt area. Further, when an accass is made to the semiéonduc:or
auxiliary storage. means may be provided for determining whether
wie semiconductor auxiliary storage is to be handled as a floppy diék
type magnetic storage or a hard disk type magnetic storage based on
1 determination of the capacity of the semiconductor auxiliary stor-
age.

[t is preferable that the semiccnductor auxiliary sterage be con-
structed for easy removable mounting in the information processing
system.

Other objects and attainments together with a fuller understand-
ing of the invention will become apparent and appreciated by refer-
ring to the. following description and claims taken in conjunction with
the accompanying drawings.

| Brief Description of the Drawings

Fig. 1 is a block diagram of one embodiment of an informntion
processing system comprising the preseant invention.

Fig. 2 is a block diagram of an internal configuration of a semicon-
ductor auxiliary storage employed relative to this invention.

Fig. 3 is a store status of capacity information by memory type in
a control register.

Fig. 4 is a hierarchy block diagram of the system configuration for
the embodiment shown in Fig. 1. |

Fig. 5 is a flow chart of read and write processes of the BIOS to a
software interrupt INTIH,, from the DOS.

Fig. 6 is a store status of ID information.

Fitg. 7 is 2 memory space of the semiconductor auxiliary storage.



REPLACEMENT SHEET

Fig. 8 is a flow chart of read and write processes of the BIOS to the
software interrupt INTIB, from the DOS for selecting a procsssing
procedure based on the capacity of the semiconductor auxiliary stor-
age. |

Fig. 9 is a flow chart of a process for determining a capacity for
each memory type of semiconductor auxiliary storage.

Fig. 10 is a relationship among a data format. a memory typé. and
a logical address in the memory space of semiconductor auxiliary

storage.

T
iQ

g. Il is a flow chart of a copy process.

Fig.

Q

12 is a flow chart of a translation process from a logical ad-

dress to-a physical address.

Fig. 13 is a flow chart of a format track process.
Fig. 14 is a block diagram of a prior art information processing
system.

Description of the Preferred Embodiments

Referring now to Fig. 1 there is shown information processing
system | of this invention comprising CPU 1A, main storage 2, BIOS
ROM 3, kKeyboard 4, display 5, semiconductor storage 9, expansion
floppy disk 10 and exp:ms‘ion hard disk 11 all coanected to sys:ém
bus-26. Main sroragc"l and BIOS ROM 3 are sometimes referred to
" -collectively as the main storage 'of system 1 but they are separately
referred herein. | :

CPU 1, main storage 2, keyboard 4, and display 5 are identical to
those employed in the conventional information processing system
shown in Fig. 14. A physical structure of BIOS ROM 3 is also identical

to 2 conventional BIOS but the content of a program stored therein is
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differanc in part because of the necessity to drive and control semi-
conductor auxiliary storage 9 instead of hard disk- § and floppy disk
7 in the coaventional system. Expansion tloppy disk [0 and expan-
sion hard disk Il may be added as required in order to support the
aperation of semiconductor auxiliary storage 9. For example, these
expansion disks may be added when semiconductor auxiliary storage
9 is not sufficient alone for the memory capacity necsssary for auxil-
iary storage. On the other hand, these expansion disks are not al-
wiays necessary.

Fig. 2 is a block diagram of an internal configuration of semicon-
ductor auxiliary storage 9. Semiconductor auxiliary storage 9 com-
prises memory circuit 21 including a semiconductor integrated cir-
cuit, data register 22, address register 23 and control register 24.
Memory circuit 21 contains two types of memories: a read-only
memory (ROM) and an erase/write memory (RAM). Semiconductor
auxiliary storage 9 is physically supported on a structure generally
referred to as an IC card. [t has a card-like plate structure, and
when it is plugged into connector 25 to system bus 26, electrical con-
nection is made to system bus 26. In Fig. 2, only one semiconductor
auxiliary storage 9 is illustrated for purposes of simplification bur a
p‘lurality"of such storage structures are usually provided so that a
large amount of data may be stored among semiconductor auxiliary
storages or separate semiconductor auxiliary storages are employed
for storing software programs as well as for storing data.

'The functional operation of storage 9 is generally as follows.
Address register 23 designates an address in memory circuit 21. A

start address for access by CPU t to memory circuit 21 is set by CPU
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l into address register 23 throﬁgh system bus (I/OQ bus) 26. After
the start 2ddress has besn set in address register 23, data is written
into data register 22 and the data is automatically written into that
address in memory circuit 21. Whea the dara is written into data
register 22, address register 23 is automatically incremented so that
data can be written into the next address. Similarly, when the start
address is set in address register 23 and data is read from data
ragister 22, the data is automatically read from that address of
memory circuit 21.  When the dawm is read. address register 23 is
automatically incremented and data can be read out from the next
address.

Control register 24 stores an identification code or device infor-
mation indicative of the memory type of semiconductor auxiliary
storage 9. Fig. 3 shows a Store status in control register 24 of the
memory. capacity by memory type which is a portion of the device
information of semiconductor auxiliary storage 9. Fig. 3A shows a
type register which indicates the memory type of memory circuit 21.
When bit O .(MKO) of the register is "1", this indicates that the mem-
ory type of memory circuit 21 is a2 RAM. Similarly, bit-1 (MKI) indi-
cates a mask ROM, bit 2 (MK2) indicates a P-ROM, and bit 3 (MK3)
indicates an EEPROM. |

Fig. 3B shows a capacity register which indicates the ernﬁclwritc
memory capacity of memory circuit 21. When the bit 0 (WCO) of the
register is "1", this indicates that the erase/write capacity is 64 kilo-
bytes (KB). Similarly, bit | (WC1) indicates 128 KB, bit 2 (WC2) indi-
cates 256 KB, bit 3 (WC3) indicates 512 KB, bit 4 (WC4) indicates
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MB, bit 5 (WCS) indicates 2 MB, bit 6§ (WC6) indicates 4 MB, and bit 7
(WC7) indicates 8§ MB. '

Fig. 3C shows a capacity register which indicates the read-only
memory (ROM) capacity of memory circuit 21. When bit 0 (VCO) of
the register is "1", this indicates that the ROM capacity is 64 KB.
Similarty, bit 1 (UC1) indicates 128 KB, bit 2 (UC2) indicates 256 KB,
bit 3 (UC3) indicates 512 KB, bit 4 (UC4) indicates 1 MB, bit 5 (UCS)
indicates 2 MB, bit 6 (UC6) indicates 4 MB, and bit 7 (UC?) indicates 8
MB. The contents of those registers are detected by reading out a
specific [/O port address of the information processing system | and
the memory type and the memory capacity of semiconductor auxil-
iary storage 9 which is currently loaded can be determined based on
the contents of these registers.

As previously indicated, semiconductor auxiliary storage 9 is re-
movably mounted onto system bus 26 through connecmf 25. Storage
9, therefore, may be exchanged for use relative to each program or
data stored in storage 9 as in the case of a conventional floppy disk.
Since storage 9 is of a card shape by utilizing. semiconductor inte-
grated circuits for memory storage, it.is easy to transport and handle. |
Since 2 ROM is used entirely or partially in memory circuit 21, one
software’ may be copied in volume as compared to one-to-one copy
in the case of a floppy disk. Accordingly, this approach is effective
for the distribution of the software. |

The operation of information processing system 1 of the present
embodiment will now be expiained.

Fig. 4 shows a hierarchy block diagram of the system configura-

tion of the system | relative to operation in a file access mode.
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Application software 41 exists at the top level of hierarchy. Next is

disk operating sysrch (DOS) +2 which handles software interruptions
due to  file input/output requests from application software 41.
Below DOS 42 is a basic input/output system (BIOS) 43 which is
tirmware that controls the lower level input/output operations rela-
tive to operation of hardware 44. The general configuration of
hardware 44 is shown in Fig. I. CPU 1| may, for example, be an Intel
L6 bit microprocessor 3086. DOS 42 may be Microsoft MS-DOS. BIOS
4] may be one of the input/output systems of the disk requested by
the software interrupt INTIB, from DOS 42. BIOS 43 is stored in
BIOS ROM 3 together with an [PL and it operates under the control of
CPU 1. DOS 42 and application software 41 are generally stored in
semiconductor auxiliary storage 9 and they are tran.sferred to main
siorage 2 and executed by CPU 1. DOS 42 may be stored in BIOS ROM
When the information processing system shown in Fig. 1 is
staarted, CPU 1 executes the IPL stored in BIOS ROM 3 and transfers -
DOS 42 smr;.-d in semiconductor auxiliary storage 9 to.main storage 2.
Then, CPU | transfers application software 41 stored in semicoaduc-
tor auxiliary storage 9 to m.ii_n storage 2 and the application software
is executed under the control of DOS 42,
' Apélication software 4F and DOS 42 are prepared on the assump-
tion that the ‘magnetic stbrage, such as the floppy disk or the hard
disk, is employed as nuxilinry storage. Accordingly, BIOS 43 is re-
quested by DOS 42 or application software 41 to access the floppy
disk or the hard disk. However, BIOS 43 converts the access request

for the magnetic storage to an access request for semiconductor
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auxiliary storage 9 in the t'ollo‘;ving mnnnér. Accordingly, DOS 42 and
application software 1 ses the auxiliary storage as the magnetic
storage but, in face, is semiconductor auxiliary storage 9. 1In oather
words, in the preseat system, semiconductor auxiliary storage 9 is
treated as if it is the magnetic storige or memory means. As a re-
sult, information processing system | can make use of existing appli-
cation software without any need or requirement of changing the
content thereot including any necsssary adaptation to interface with
semiconductor auxiliary storage 9.

Fig. 5 is a flow chart of the read and write processes of BIOS 43
for the software interrubt INT1By from DOS 42. When application
software 41 issues a file input/output request to DOS 42, DOS 42 de-
termines a drive associated with that file and issues the software
interrupt, INT1B;, to BIOS 43. DOS 42 requests BIOS 43 for access to
either the floppy disk or the hard disk. BIOS 43 determines the
drive associated with the request (step 101), i.e., it determines a
drive number and determines if the request is to semiconductor
auxiliary storage 9, which is treated as if it were the floppy disk or
the hard disk, or to expansion floppy disk 10 of to expansion hard
disk 11.: If the request is access to expansion floppy disk 10 or ex-
pfmsion hard disk 11, the normal read/write process for the software
interrupt [NT1By is carried (step 106). [f the request is access to
semiconductor auxiliary storage 9, the content of the [D information
stored in, semiconductor auxiliary storage 9 is examined to determine
if the correct [D information has been formatted (step 102). The ID
information .is track ID information which would normally be written.

in a magnetic auxiliary storage or memory means. It is the informa-
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tion necessary for BIOS 43 to translate the disk addr?ss to an address
tn semiconductor auxiliary storage 9. If the ID information has not
been formatted, the address translation cannot be carried out and an
error process is carried out (step 105). The [D information will be
explained in detail later. If the [D information has besn correctly
formarted, the disk addrsss (cylinder number, surfics number and
sector ndmber) is translated into an address in semiconductor auxil-
iary storage 9 based on the content of the ID information stored in
semiconductor auxiliary storage 9 (step 103) and an input/output
process is carried out (step 104). The address translation in .the step
103 will be explained in dezail later. |

By the provision of the discrimination function to determine
whether BIOS 43 requests the access to semiconduczér auxiliary stor-
age 9 or not. and the :ddresﬁ translation function and the in-
put/ourpuf function for semiconductor auxiliary storage 9 by the
reference of the ID information, application software 41 and DOS 42
need not be. concerned that semiconductor auxiliary storage 9 is em-
ployed as the auxiliary storage rather than a conventional magnetic.
storage memory miedns. [t can be treated as if the floppy disk.or the
hard disk is érr;p!oyed' as the auxiliary storage.

Referring to Fig. 6, the track ID ‘information for the magnetic stor-
age is now explained. 'Ih this particular example, semiconductor
auxiliary storage 9 is treated 2 640 KB ﬂ.oppy disk. Fig. 6 shows a
format of the ID information stored in the first | KB area of semicon-
ductor auxiliary storage 9. The [D information inciudes four bytes,
ane hyte for each cylinder number (C). surface number (H), the num-

ber of sectors (R) and the length of sector (N) for each- track. "The
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cylinder number (C) is usually written in an ID area in one sector of

one track of a floppy disk. and the §urfac= number (H) is also written
in the [D area of the floppy disk. The surface number "CO" indicates
a front surface and "0l" indicates a rear surface. The number of
sectors (R) indicates the number of sectors in a track. In the present
emoodiment, the numbper of sectors is eight for each track. The sec-
tor length (N) indicates the sector leagth in accordancs with a sector
length code of Tuble 1. Bit 7 thereof indicates whether it is single
density or double deasity. [n the present embodiment, each track is

of single density and has 512 bytes.

N 0 1 2 3 4
SECTOR LENGTH 128 254 513 1024 2048
N 5 6 7 ' 3 OR LONGER
SECTOR LENGTH 4096 3192 16384 32768
Table 1

In Fig. 6, numbers in the leftmost column indicate thé top address
of the ID information of the respcc:ive' tracks. As many 4-byte ID
information for the tracks is provided as the number of tracks of a
virtual floppy disk, and entire track ID ihform:uion 61 having t_he
same data content as that of lost rack ID information 60 is stored in
the last four bytes of the top | KB of memory. The top address
(hexadecimal 27C in the present invention) of last track ID informa-
tion 60 can be calculated based on entire track ID information 61 by

the following formula:
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(Cx2xH x4

By lewing C = 4F and H = | in the above formula, the result is:

(Fx 2+ 1) x4 =27C.

The translation from 1 standard disk address to an address on
semiconductor auxiliary storage 9 is now explained. A memory
space of semiconductor auxiliary storage 9 is allotted as shown in Fig.
7. The [D information shown in Fig. 6 is stored in the top | KB of
memory and data is stored in subsequently designated areas in the
order of track number.

The translation of the disk address to the address on semiconduc-
tor auxiliary storage 9 by BIOS 43 is carried out in the following
manner after it has been checked that the ID information stored in
the top t KB of semiconductor auxiliary storage 9 has been correctly
fbfmatted. First, based on parameters Ci and Hi relating to the cylin-
der number and the surface number which are portions of the disk
address delivered from the software interrupt INTIBy, the top ad-
dress of the ID informazion. of the corresponding track is calculated
by the foﬂowing formula:

(Ci x 2 + Hi) x 4.

For example, by putting Ci = | and Hi = 1, which represent the
third track into the above formula, we obtain "DOC". Then, based on
a pafameter Ri relating to the sector number, which is a portion of
the disk address delivered from the software interrupt INTIB,, the
cylinder number (C), the s_urface number (H), the number sectors (R)
and the sector length (N) are obtained by accessing the top address
of the [D information calculated ih accordance with the above for-

mula and an input/output address of semiconductor auxiliary storage
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9 corresponding to the disk address is calculated in accordance with
the following formula (1) or (2):

400H + ((Cx2+H) xR +Ri-1}x 128 x 2" (1)

d00H + (Cx2+H) xR x1283x2Yx2+(Ri-1)x128x 2N (2)

Formula (1) is used in the case of double density while formula
(2) is used in the case of single deasity. The single density and the
double density can be discriminated by bit 7 of the sector leagth, as
previously described.

[n formulas (l) and (2), 400H (where H represents a hexadecimal
number) indicates the oo | KB in which the 1D information is stored.
(C x 2 + H) indicates the number of tracks arranged before the . track
in question on the assumption that thers are two surfaces, (Cx2 + H).
R indicates a. sum of the numbers of sectors arranged before the
track in question, and 128 x 2V indicates the sector length by bytes
in accordance with Table |. The differen;e between formula (1) and
formula (2) is because the number of sectors (R) for Single density is
one half of the number ofsecrors (R). for double density.

In the présent embodiment, semiconductor au;ciliary storage 9 is
employed as a floppy disk. It may also be employed as a hard disk
.in accordance with the same philosophy. In this case, the ID infor-
mation for a hard disk is written into semiconductor auxiliary stor-
age 9. When an access request to the hard disk is issued for BIOS 43,
BIOS 43 accesses semiconductor auxiliary storage 9 to deliver the
fecched data to DOS 42 or application software 41 as the data from
the hard disk.

Semiconductor auxiliary storage 9 is removable through connector

25 as explained in connection with Fig. 2. As a result, a semiconduc-
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tor auxiliary storage of an appropriate capacity rﬁay be selectively
loaded depending on the application. Usually, the hard disk has a
larger capacity than the floppy disk. Thus. semiconductor auxiliary
storage 9 which has a relatively large capacity is employed as a hard
disk and semiconductor auxiliary storage 9 which has a relatively
small capacity is employed as a floppy disk. In processing the soft-
ware interrupt INT1B, of the BIOS 43, whether the semiconductor
auxiliary storage is to be treated as a hard disk or a floppy disk is
determined by the capacity of semiconductor auxiliary storage 9.
Fig. 8 is a flow chart of a process for the software interrup.

INTIBy of BIOS ¢3. When application software 41 requests a file in-

put/ourput request to DOS 42, DOS 42 issues the software interrupt
INT1By to BIOS 43. BIOS 43 determines to which device the request
was issued from in order to determine whether or nat it is to semi-
conducto.r auxiliary storage 9 (step 201). If it is not to semico'nducmr
auxiliary storage 9. then a normal INT1B,, process is carried out (step
205) as is known in the art. [If it is to semiconductor auxi!.ia.ry stor-
age 9, the capacity thereof is examined to determine if it is less than
1 MB or not (step 202). If it is less than 1 MB, an input/output pré-
cess to treat semiconductor auxiliary storage 9 as the floppy disk is
carried out (step 203). The step 203 in Fi-g. 8 corresponds to the
treatmeﬁt designated in dotted line box 110 of Fig. 5. In stcp'202, if
- the capacity is more than | MB, an input/output bro:_:css is carried
out to treat semiconductor auxiliary storage 9 as the hard disk (step
204).

Fig. 9 is a flow chart for determining the capacity by memory type

of semiconductor auxiliary storage ‘9 which is required in the step
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202 in Fig. 8. As a preprocess to determine the memory type. the
flags for indicating the memory type, i.e., the ROM flag and the RAM
flag are cleared to zero (step 301 and 302). Then, a determination or
examination is made as to whether or not the RAM content has besn
loaded into semiconductor auxiliary storage 9 (step 303). If the RAM
has been loaded, the RAM capacity is determined by the erase/write
capacity register (step 304), as per the description in connection with
Fig. 3B, and the RAM load flag is also set (step 305). The RAM ca-
pactty can be calculated by multiplying the content of the
erase/write capacity register by 64 KB. Then, the memory type reg-
ister is again examined to determine whether the ROM content has
been loaded into semiconductor auxiliary storage 9 (step 306). If the
ROM has been loaded, the capacity of the ROM is determined by the
non erase/write capacity register (step 307), as per the description
in connection with Fig. 3C, and a ROM load flag is also set (step 308).
[n this manner, the capacity for each memory type of semiconductor
auxiliary storage 9 can be determined.

When meinory circuit 21 of semiconductor auxiliary storage 9 is
set up to be a ROM only memory, it is not possible to store additional
data prepared in information processing system 1. If storage 9 is set
up to be 2 RAM only memory, the stored data is destroyed when a
back-up'.power system, such as a battery, becomes exhausted. Thus,
the programs and data which are necessary as a minimum are stored
in the ROM, and the programs and data modified during program ex-
ecution are copied into the RAM during sys;efn initialization. When
semiconductor auxiliary storage 9 is thereafter employed, the copy

area is accessed by translating a logical address to a target physical
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address. In chis way, the minimum required programs and data
originally written into storage 9 and modified are not e¢rased and: any
newly generated data may be additionally stored. - This method of
operation is now explained in detail.

Figs. 10 illustrates the relationship among the data format, the
memory type and the logical address of semiconductor auxiliary
storage 9. Fig. 10A is a dama format of an OS and is specifically rep-
resentative of Microsoft MS-DOS. Figs. 10B and 10C show memory
types associated with appropriate address locations.

The dara format of Fig. 10A comprises spare area 31, block controt -
area 52. entry coantrol area 53 and erase/write data area S4which should
be in the erase/write memory or RAM because its contents may be
modified. - On the other hand, data area 55, which need only be read, .
may be in the ROM.

In Fig. 10B, initial programs and initial data of spare area 51,
block control area 52, eatry control area 53 and erase/write data
area 54 have been previously stored in first RbM arez 56, and the
data of read-only data area 55 has been previously stored in second
ROM area 57.. [D information has been stored in the top | KB of first
ROM area 56. The dawa corresponding to the RAM capacity is trans-
ferred from the ROM area to RAM area 58 so that the semiconductor
-auxiliary storage is initialized. A boundary of first ROM area 56 and
second ROM area 57 is determined by the capacity -of RAM area 58.
The portion of the ROM area which has the same capacity as RAM
area 58, which is 128 KB, is allotted from the top of the ROM area
starting with first ROM area 56 and the remaining portion is second

ROM area 57.
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The copying is carried out by exccuiing a copy program stored in
BIOS ROM 3 via CPU 1. The copy mechanlism comprises the copy pro-
gram, CPU 1| and main storage 2. Fig. 11 shows a flow chart of the
copy process. First. the capacity of RAM area 53 is determined (step
401). The method for determining this capacity has beea previously
described in connection with Fig. 9. When there is no RAM area 38,
i.e., when the capacity of RAM area 58 is zero, no transfer process is
carried out and the process is terminated. When the capacity of RAM
area 38 is determined, an end position of first ROM area 56 is calcu-
lated based on the capacity (step 402). Then, the data of first ROM
area 56 is copied to RAM area 58 (step 403). Thus. the copy process
is completed and semiconductor -auxiliary storage 9 is initialized.

Fig. 10C shows the memory type as well as the logical address and
the physical address. The term logical address as used therein
means an address which indicates a virtal logical spase for the in-
formation processing system for semiconductor auxiliary storage 9
after initialization via the copying prdccss described above. The
physical add-ress means an address which indicates a physical sp:ice.
Physically, a 4 MB ROM (first and second ROM areas 56 and 57) fol-
lowed by the 128 KB RAM 58 is amanged, but BIOS 43 is treated as if
the 4 MB-128 KB second ROM area 57 exists following the 123 KB
RAM area 58, as shown in the logical address column of Fig. 10C.

Fig. 12 is a flow chart of a process for converting a logical address

to a physical address when BIOS 43 accesses the initalized semicon-

ductor auxiliary storage 9 in response to a software interrupt INTIBy,

to read and write data. First, the disk address is translated to a logi-

cal address of semiconductor auxiliary storage 9 (step 404). The
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method for translating the disk address to the logical address has al- -
ready been explained in connection with Fig. 5 and it is omitted here.
The translated address corresponds to the logical address shown on
the right hand of the memory space of Fig. 10C. Then, whether or
not the transiated logical address is smaller than the RAM capacity
(indicated in bytes) is determined (step 405). In the preéent embed-
iment example, since the RAM capacity is 128 KB, whether or not the
iogical address is smaller than 128 KB is determined. In step 405, if
the logical address is smaller than the RAM capacity, a sum of the
logical address and the ROM capaciq} (total capacity of the first and
second ROM areas) is employed as a real address or the physical ad-
dress of semiconductor auxiliary storage 9 (step 406). Since the ROM
capacity is 4 MB in the present embodiment, 4 MB is added.
Accordingly, the logical address actually designates a point in RAM
area 58. On the other hand, in step 405, if the logical address ex-
ceeds the RAM capacity, the logical address is employed as the
physical address in its préscnt form (step 407). This address desig-
nates a poim-in second ROM area 57.

In accordance with this method, the semicoanductor auxiliary stor-
age provides for the modification of basic programs and data while
they are nonvolatility retained in memory. In the present embodi-
ment, the logical'address of RAM area 58 is smaller-than .the logical
address of second ROM area 57, although the logical ad&rc'ss of RAM
area 58 may be arbitrarily selected. In this case, the .transiation al-
gorithm from the logical address to the physical address needs to be

appropriately modified.
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Attention is now directed to a format track process which is
equivalent to the format track procsss for the ﬂoppy disk and the
hard disk.  For semiconductor auxiliary storage 9 having memory cir-
cuit 21, which is configured as RAM only memory, and in which no
information has be2n written, a formatr track process must be carried
out. Fig. 15 is a flow chart of the formar track proc:ss' for one track.
The format track process, however, is sequentially accomplished
from the track O to the last track. I[n the case of track 0, when BIOS
43 receives a request for the format track process from DOS 42, BIOS
43 determines the device associated with the request and deter-
mines whether the request is to semiconductor auxiliary storage 9 or
to other I/O devices, for example, expansion floppy disk 10 or ex-
pansion hard disk 11 (step 501). If the request is not to semiconduc-
tor auxiliary storage 9, a normal INT1B, format track process is car-
ried out (step 505). If it is to semiconductor auxiliary storage 9, the
address on semiconductor auxiliary storage 9 is calcuiated based on
the disk address for track 0 and an area corresponding to a one-track
capacity below the calculated address is filled out by a predeter-
mined data pattern. As an example, the memory space in Fig. 7 is
immediately after the ID information area, i.e., address 400. The
data pattern, "ES" is usually employed for all words. Thus, the area
is filled out by data containing no information. Then, the [D infor-
mation- of the track corresponding to the disk address (disk address
indicating track 0) is written into the ID information area (step 503).
As an example, the ID information area of Fig. 6 is written into the
four-byte area (addresses 000 to 003). Then, the same data as the

D information on track 0 immediately written before is written into
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the last four-byte area of the ID information area as the entire track
[D information (step 304). With referencs to the ID information area
of Fig. 6 as an example, the ID information of the track O is written
into the area starting at the address 3FC. Thus, the formart track pro-
cess of the track O is completed and the format track procelss of track
l is then carried out. The data area following the data area of track
0 is filled with "E5", the [D information of the first track is written
into the four-byte arez following the ID information of track 0 and
the entire track ID information of the area starting at address 3FC °

rewritten as the [D information of the first track. The same process
is repeated until the final track is reached and the format track pro-
cess for the semiconductor auxiliary storage is then complete, I[n this
manner, the DOS and the application program may be handled by"
semiconductor auxiliary storage 9 in the same manner as they are
handled by a hard disk memory or a floppy disk memory.

Since the format track process is carried out in the manner de-
scribed above, whether or not the formatting is normally done s
determined By .checking whether the entire track ID information co
incides with the last track [D information. I[f the format process is
interrupted and not carried out, normaily the entire track [D infor-
mation does not coincide with the last track ID information.

- While the invention has been described in conjunction with spe-
cific embodiments, it is evident to those skilled in the' art that mnny
further alternatives, modifications and variations will be apparent in
light of the forgoing description. . For example, Microsoft DOS is em-
ployed in the embodiment disclosed although the implementation of

the. present invention need not be limited to a DOS type: system.
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Further, the pr:seht invention is not limited to the BIOS for the pur-
poses of software interrupt INTIBy but, for example, a disk in-
pu:/output' routine which inputs and outputs to :m& from semicon-
ductor auxiliary sterage 9 may be employed. Thus, the invention de-
scribed herein is intended to embracs at such. alternatives, modifica-
tions, applications and variations as fall within the spirit and scope of

the appended claims.
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- CLAIMS

1. An information processing system comprising:

a central processing unit {1A) for executing a program;

a main storage (2) for tempararily storing the program to be exscuted by said cantral
processing unit and data generated by the execution of the program;

semiconductor auxiliary storage means (9) removably mounted to a3 system bus of
said information processing system through connector means (25), adapted to transfer memory
content to and from said main storage, and comprising RAM means (21}, ROM means (21) and
controi register means (24);

a memory (3) for storing a basic input/output program to control hardware of said
auxiliary storage means; _

wherein said basic input/output program is designed to access said auxiliary storage
means when an access request to an auxiliary storage means construed as magnetic disk is
received as a result of the execution of a host program; and

means for converting a disk address into a specific address of the semiconductor
auxiliary storage means, _ :

wherein said control register means (24) stores an identfication code {ID) indicative of
the memory type of said semiconductor auxiliary storage means and its capacity.

2. The system according to claim 1, wherein said semiconductor auxiliary storage
means (9) stores a program including an access request to magnetic storage memory means.

3. The system according to claim 1 or 2, wherein said information processing system
including means for copying a portion of the content of said ROM means {21) to said RAM
means (21) of said semiconductor auxiliary storage means {9).

4. The system according to claim 1, 2 or 3, further comprising means for translating a
physical address of a source of copy to a physical address of a target of copy when access is
made to said semiconductor auxiliary storage means wherein a portion of the content of said
ROM means (21) has been copied to said RAM means (21) of said semiconductor auxiliary
storage means (9).

5. The system according to any of claims 1 to 4, wherein access to said semiconduc-
tor auxiliary storage means {9) is accomplished by means to translate an address for magnetic
storage memory means to an address for said semiconductor auxiliary storage means.

6. The system according to claim 5, wherein said semiconductor auxiliary storage
means (9) stores track 1D information designated for magnetic storage memory means, said

transiation means employing said track 1D information to make said address transiation.
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7. The system according to any of the preceding claims, further comprising means for
determining whether said semiconductor auxiliary storage means (9) is to be treated as a
floppy disk magnetic storage or a hard disk magnetic storage based on the capacity of said
semiconductor auxiiiary stdraga means when an access is made to said semiconductor auxiliary
storage means.

8. The system according to any of the preceding claims, wherein said semiconductor
auxiliary storage means (9) is removably mounted within said information processing system.

9. A semiconductor auxiliary storage means for use as a substitute for auxiliary
magnetic storage memaory means adapted to transfer memory content thereof to and from a
main storage of an information processing system, such as to permit the utilization of existing
software applications and programs targeted for use with said auxiliary magnetic storage
memory means and comprising means to receive an address request for said auxiliary magnetic
storage memory means and translate an address for said auxiliary magnetic storage memory
means into an address for said semiconductor auxiliary storage means (9}, said semiconductor
auxiliary storage means comprising RAM means (21), ROM means (21) and controi register
means (24), wherein said control register means (24) stores an identification code (ID) indica-
tive of the memory type of said semiconductor auxiliary storage means and its capacity.

10. A method of utilizing a semiconductor auxiliary storage means (9) in an informa-
tion procassing system while permitting the utilization of previously existing software targeted
for use with conventional magnetic storage memory means comprising the steps of: '

storing in said semiconductor auxiliary storags means (9] ID information correspon-
ding for said conventional magnetié storage memeory means,

capturing an accass request for said conventional magnetic storage memory means,

translating an address based on the access request for said conventional magnetic
storage memory means to an address based on access to said semiconductor auxiliary storage
means employing said ID information, and

thereafter executing the transiated request.
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INFORMATION PROCESSING SYSTEM AND SEMICONDUCTOR
AUXILIARY STORAGE FOR USE IN THE SYSTEM

Abstract
A compact, low power coasumption, lig'nt weigiat, highly reliable
. and high speed information processing system is provided by em-
ploying a semiconductor auxiliary Stomge(q)in liew of conventional
magnetic storige or memory means, such as a floppy disk memory or
a hard disk memory. An access request to such a magnetic storage or
memory means is converted to an access request for 1 semiconductor
auxiliary storage comprising semiconductor integrated circuits with-
out requiring any modification of existing pr'ograms, such as, appli-
cation software and a disk operating system. A memory circuit of
the semiconductor auxiliary storage comprises 2 ROM and a RAM,
and a portion of the ROM area is copied into the RAM so that the
modification of the programs and data is permitted while the basic

program and data can be retained in a nonvolatile manner. (Fic. 1)

FIGURE 1
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