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3 

INFORi\IATION PROCES'!HN~ffiiTE~Mf~;Q~m~cTOR 

AUXILIARY STORAGE FOR USE IN THE SYSTEM. 

4 Background of the Invention 

S This invention ~elates generally to an information processing sys·-

6 tern of a relatively. sm.all size such as. a personal computer, and more 

7 particularly to an information processing system having a compact 

S and high speed auxiliary storage for storing data and programs. 

9 A conventional information processing system is generally config-

10 ured as shown in Fig. 14. Such a system comprises a central process-

11 ing unit (CPU) I which is a heart of the system. CPU I is connected 

12 through systc:m bus 26 to main storage 2 in which programs and 

13 data transferred from the auxiliary storage and intermediate results 

14 of programs being executed are stored, read-only memory (ROM) 3 

15 which stores a basic input/output sysce·m (BfOS), keyboard 4 which 

16 functions as an input device to the system, display 5 which functions 

17 as an output device, a hard disk 6 and a floppy disk 7 which function 

8 as an auxiliary storage to store programs and data. 

19 When power is turned on to· the system, the system is reset and 

inich1Iized and CPU 1 executes an initial load program (ILP) stored ·in . 
-l BIOS ROM 3 to transfer the programs from hard disk 6 or the floppy 

!2 disk 7 to main storage 2. Thereafter, CPU I executes the programs 

?J transferred to main storage 2 to a~complish the objectives of the 

programs. 

The magnecic storage suc-h as hard disk 6 or floppy disk 7 which 
.. 

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

!1 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 m- _ 

eludes 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 disadva.ntages, it is known that the _ magnetic 

storage is relatively weak with respect to 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 to 

visually interact with the program and confirm a result, switches 

banks of the semiconductor auxiliary stor:ige 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 prograrn so that it may be employed with the semicon­

ductor auxiliary· storage. 

In the second approach, after the devke 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 storage, 

and it is not possible to incorporate a medium copy program, 1.e., 

copied into such a storage, or from a floppy disk to floppy disk and, 

further. is dependent on a B £OS which has a high dependency on the 

OS. 

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 processing system 

while permitting the utiliz:ition of the existing software applications 

and programs created and written as targeted for use with p:irticul:ir 

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

hard dis~ 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 input/output program stored in the 

main body of the system accesses the semiconductor auxiliary star­
• . . 
' age when ic 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 

utHizing ID information for the. magnetic storage which has previ­

ously been written into the semiconduc~or auxiliary sto_rage. The 

basic· input/output program converts the access request for the mag­

netic storage from a·n application software or a disk operating system 

(DOS) to an access request for the semiconductor auxiliary storage 

and execures the request. An address for the semiconductor au.:dl"". 

iary storage is obtained by reading out the corresponding ID infor­

mation based on the address for the m"agnetic storage and putting 

tne ID information and the address for the magnetic storage into a 

predetermined mathemati~al formufa. 

It 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-only storage of the semiconductor 

auxiliary storage into the erase/write storage. When an access is 

made to th~ semicoi:iductor auxiliary storage having the portion of 

the content of che read-only storage copied into the erase/write stor­

age, it ·is preferred that the information processing system includes 

means for translacing 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. 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 star-

age. 

It is preferable that the semiconductor auxiliary storage be con­

structed for easy removable mounting an the information processing 

system. 

Other objects and attainments together with ·a fuller understand­

ing of the invencion 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. l 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 auxiiiary storage. employed relative to this invention. 

_Fig. J is a store status. of capacity information by memory type in 

a control register. 

Fig. 4 is a hierarchy bfock diagram of the system configuration for 

the embodiment shown in Fig. 1. 

Fig. 5 is a tlow chart of read and write processes of the BIOS co :i 

software interrupt INTI H11 from the DOS. 

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

Fig. 7 is a memory space of the semiconductor auxiliary storag~. 
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Fig. 8 is a_ flow chan of read and write processes of the BIOS to the 

software in.terrupt INTI Ba from the DOS for selecting a processing 

procedure based on the capacity of the semiconductor auxiliary stor-

age. 

Fig. 9 is a flow chan of a process for determining a· capaci_ty for 

each memory type of . semiconductor auxiliary storage. 

Fig. tO is a relationship among a data format, a memory type and 

a logical address in the memory space of semico.nductor .. auxiliary 

storage. 

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

Fig. 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 processmg 

system. 

Description of the Preferred Embodiments 

Referring now to Fig. l there is shown information processing 

system l of this invention comprising CPU lA, main storage 2, BIOS 

ROM 3, keyboard 4, display 5, semiconductor storage 9, expansion 

floppy disk IO and expansion hard disk 11 all connected to system 

bus 26. Main storage 2 :ind BIOS ROM 3 are sometimes referred to 

collectively . as the main s.torage of system I but they are separately 

referred herein. 

CPU 1, main storage 2, keyboard 4, and display 5 are identical to 

those employed in the conventional informati~n 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 inste:id of hard disk 6 and (loppy disk 

7 in the coni,:entional system. Expansion floppy disk IO and expan­

sioq hard disk 11 may be added as -required in order to support the 

operation of semiconductor auxiliary s~orage 9. For example, these 

expansion disks may. be added when semiconductor auxiliary storage 

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. 

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

ductor auxiliary. storage 9. Semiconductor auxiliary storage 9 com-

2 prises memory circuit 21 including a semiconductor integrated cir-

3 cuit, data regis~er 22. address register 23 and control register 24. 

~ ~[emory circuit 21 contains two types of memories: a read-only 

memory (ROM) and an erase/write memory (RAM). Semiconductor 

6 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

ne~tion is. made to . system bus 26. In Fig. 2, only one semiconductor 

:iuxili:uy 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 m_ay be stored among semiconductor auxiliary 

storages or separate semiconductor au:dli:iry storages are employed 

for storing software programs as well as for storing data. 

···~~J 

The functional operation of storage 9 is generally as follows. 

Address register 23 designates an address ~n memory circuit 21. A 

start address for access by CPU t.- to memory circuit 2 l is set by CPU 
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l into address register 23 through system bus (I/0 bus) 26. After 

the start address has been set in address register 23, data ·is written 

into data register 22 and the data is auto~atically written into that 

address in memory circuit 2 l. 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 semico~ductor auxiliary 

·I storage 9. Fig. 3 shows a store sta~us in control register 24 of the 

memory capacity by inemory 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 0 (MKO) of the register is "I", 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 (1"1K3) 

indicates ·an EEPROM. 

J. 
.. ,; ... ,,,j 

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

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

regi~ter is "l ", this indicates that the erase/write capacity is 64 kilo 

bytes (KB). Similarly, bit 1 (WCI) indicates 128 KB, bit 2 (WC2) indi­

cates 256 KB. bit 3 (WC3) indicates 512 KB. bit 4 (\VC4) indicates I 

-
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MB, bit 5 (WC5) indicates 2 MB, bit 6 (WC6) indicates 4 l\tIB and bit 7 . , 

(WC7) indicates 8 MB. 

Fig. 3C sh.ows a capacity register which indicates the read-only 

memory (ROl\tf) capacity of memory circuit 21. When bit 0 (VCO) of 

the register is "I", this indicates that the RO l\tf capacity is 64 KB. 

Similarly, bit 1 (UCl)_ indicates 128 KB, bit 2 (UC2) indicates 256 KB, 

bit 3 (UC3) indicates 512 KB, bit 4 (UC4) indicates I ~[B, bit 5 (UCS) 

indicates 2 MB, bit 6 (UC6) indicates 4. tvfB, and bit 7 (UC7) ·indicates 8 

MB. The contents of those registers are detected by reading out· a 

specific f/O port address of the information processing system I 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 connector 25. Storage· 

9, therefore, ma.y be exchanged for use relative to each program or 

data stored in stor:ige 9 as in the case of a conventional floppy disk. 

Since storage 9 is of a card shape by utilizing semiconductor inte· 

grated circ.uits for memory storage, it is easy to transport and handle. 

Since a ~01\t[ 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 distributio·n 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 l relative to OJ'eration in a file access, mode. 
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Application software 41 exists at the top level 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 (B COS) 43 which is 
firmware that controls the lower level input/output operations rela­

tive to operation ~f ·hardware 44. The general configuration of 

hardware 44 is shown in Fig. I. 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 by 

the software interrupt INTl B11 from DOS 42. BIOS 43 is stored m 

BIOS ROM 3 together with an IPL and it operates under the control of 

CPU 1. DOS 42 and application software 41 are generally stored m 

. semiconductor auxiliary storage 9 and they are transferred to main 

storage 2 and executed by CPU 1. DOS 42 may be stored in BIOS RO~[ 

3. 

When the information processing system shown m Fig. l is 

started, CPU 1 executes the IPL stored in BIOS ROl\tf 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 ~ain storage 2 and the· application software 

is executed under the control of DOS 42. 

Application ~oftware 41 · and DOS 42 are prepared on the assump­

tion that the magnetic storage, s~ch as the floppy disk or the h:ird 

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 semicond~ctor 
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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, m 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 I can make use of existing appli­

cation software without any need or requirement of changing the 

content thereof including any necessary 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 INTI BH 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, INTl Bu, 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 <lisk or 

the hard disk, or to· expansion floppy disk IO or to expansion hard 

disk 11.: If the request is access to expansion floppy disk 10 or ex­

pansion hard disk 11, the normal i:e:id/write process for the software 

interrupt INTI 8 11 is carried (seep 106). If the request is access ·to 

semiconductor auxiliary storage 9, the content of the ID information· 

stored in. semiconductor auxiliary storage 9 is examined to detc:rmine 

if the correct ID information has been formacteq (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 1nforma-
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tion necessary 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 informatfon will be 

explained in detail 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

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 che 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 auxili_ary 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. 

Referring 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 stor:ige 9. The ID information includes four bytes, 

one byte for each cylinder number (C). surface number (H). the num­

ber of s~~tors (RL and_ the length of sector (N) for e:ich 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 r!!ar surface. The number of 

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

embodiment, the m~mber of sectors is eight for each track. The sec­

tor length (N) indicates the sector length in accordance with a sector 

lt:ngth code of Tabl~ I. 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. 80RLONGER 

SECTOR LENGrH 4096 8192 16384 32768 

Table 1 

[n Fig. ·6, numbers in the lef[most column indicate [he 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 content as that of lost rack ID information 60 is scored in 

the last fou.r bytes of the top I KB of memory. The top address 

(hex:idecimal 27C in the present invention) of fast track ID informa 

tion 60 can be calculated based on entire track ro · information 61 by 
the following formula: 
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(C ·x 2 x H) x 4. 

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

(4F x: 2 + I) x 4 = 27C. 

The translation from a st::mdard 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 rp information shown in Fig. 6 is stored in the top_ l KB of 

memory :ind 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 ca.tried out in the following 

manner after it has been checked that the ID information stored in 

the top I 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 INTI 8 11 , 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 = l and Hi = 1, which represent the 

third tr:ick 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 dc:Iivered from the software interrupt INTIBu, the 

cylinder number (C), the surface number (H), the number sectors (R) 

and the sector -1ength (N) are obtained by accessing the top address 

of the ro information calculated in accordance with the above for­

mula and an input/output address of semiconductor auxilfary storage 
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9 corresponding to the disk address is calculated in accordance with 

the following formula (l) or (2): 

400H+((Cx·2+H)xR+Ri-l}xl28x2N (1) 

400H + (C x 2 + H) x .R x 128 x 2N x 2 + (Ri - 1) x 128 x 2N (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. 

ln formulas (I) 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 2N indicates the sector length by bytes · 

in accordance with Table l. 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 qisk. It may also be employed as a hard disk 

in accordance with the same philosophy. £n this case, the ID infor­

mation fbr. a hard disk is written . into semiconductor auxili_ary stor­

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

. BIOS 43 accesses semiconductor auxiliary storage 9 to deliver the 

f~cched 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-

-15-



1 tor auxiliary storage of an appropriate capacity may be selectively 

2 loaded depending on the application. Usually, the hard disk has a 

3 larger capacity. than the floppy disk. Thus, semicon_ductor auxiliary 

~ storage 9 whkh 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 INTIBH of the Bros 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. 

0 Fig. 8 is a flow chart of a process for the software interrupt 

INT I Bu of BIOS 43. When application software 41 requests a file in-

2 put/output request to DOS 42, DOS 42 issues the software interrupt 

3 INTI B H to BIOS 43. BIOS 43 determines to which device the request 

i 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 

aux.iliary storage 9, then a normal INTI Bu process is carried out- (step 

205) as is known in the art. If it is to 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 inpuc/output pro­

cess to treat semiconductor auxiliary storage 9 as the floppy disk is 

carried but (step 203). The step . 203 in Fig. 8 corresponds to th~ ... 
treatment designated in dotted line box 110 of Fig. 5. In step 202, if 

the capacity is more than l N(B, 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 auxiliary -~torage 9 which is required in the step 
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1 202 in Fig. 8. As a preprocess to determine the memory type, the 

2 flags for indicating the memory type, i.e., the ROt-,.I flag a.nd the RA~I 

3 flag are cleared to zero (step 301 and 302). Then, a determination or 

~ examination is made as to whether or not the RAM content· h:is 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 the description in connection with 

Fig. 3B, and the RAN[ load flag is also set (step 305). The. RAM ca­

pacity can be calculated by multiplying the content of the 

0 erase/write capacity register by 64 KB. Then, the memory type reg-

1 iscer is again e:camined to determine whether the ROM content has 

2 been loaded into semiconductor auxiliary storage 9 (step 306). If the 

3 ROiYI has been loaded, the capacity of the ROiYI is determined by the 

~ non er:ise/write capacity register (step 307), as per the description 

in connection with Fig. 3C, and a ROM load nag is also set (step 308). 

6 In this manner, the capacity for e:ich memory type of semiconductor 

au:<ilh1ry 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 RA~{ only memory. the stored data is destroyed when a 

back-up power system, such as a battery, becomes exhausted. Thus, 

the programs :ind 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 RA~{ during system initialization. When 

semiconductor au:dliary 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 

origin:illy written into storage 9 and modified a.re 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 auxiliary 

storage 9. Fig. lOA is a data format of an OS and is specifically rep­

resentative of lvticrosoft MS-DOS. Figs. lOB and IOC show memory 

types associated with appropriate address locations . 

. 0 The data format of Fig. IOA comprises spare area 51, block control 

area 52. entry control area 53 and erase/write data area 54 which sr.cul.d 

2 be in the erase/write memory or RAM because its concents may be 

3 modified. On the other hand, data area 55, which need only be re:id, 

4 may be in the ROM. 

S In Fig. 1 OB, initial programs and initial data of spare area 51, 

6 block control area 52. entry control area 53 and erase/write d:ita 

7 area 54 have been previously stored in first ROM are:i 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 l KB of first 

RO~l area 56. The data corresponding to the RA~I capacity is trans­

ferred frbrri the ROM area to RAM area 58 so that the semiconductor 

auxifotry storage is initialized. A boundary of first ROM area 56 and 

second RO~{ area 57 is determined by the capacity of RA~{ area 58 .. 

The portion of the RO~r" area which· has the same capacity as RA~I 

area 58, which is 128 KB, is allotted from the cop of the ROM area 

starting . with first ROM area 56 and the remaining portion is second 

ROM area 57. . . 

:i 



The c~pying is carried out by executing a copy program stored in 

! Bros ROiV( 3 ·via CPU 1. The copy mechanism comprises the copy pro­

gram, CPU I and main storage 2. Fig. 11 shows a flow chart of the 

copy process. First, the capacity of RAhtl area 5g· 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 58, 

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 RA1vl 

area 58 is determined, an end position of first ROM area 56 is c:ilcu-

0 fated 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. lOC 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 sp:J:e for the in­

formation processing system for semiconductor auxiliary storage 9 

after initialization via the copying process described above. The 

physical address means :in address which indicates a physical space. 

Physically, -a 4 NlB ROM (first and second ROtvI areas 56 :ind 57) fol­

lowed by the 128 KB RAM 58 is arranged, but BIOS 43 is treated as if 

the 4 ~-~a-·128 KB second RO~r ar~a 57 exists following the 128 KB 

RAM area 58, as shown in. the logical address column of Fig. lOC. 

Fig. 1"2 is a flow chart of a process for converting a logical address 

to a. ph~sical address when BIOS 43 accesses the initialized semicon­

ductor auxiliary storage 9 in response to a software· interrupt INTI 8 11 

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

cal address of semiconductor auxiliary storage 9 (step 404). The . 

-19-' 
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1 method for translating the disk address to the logical address has al-

2 ready peen explained in connection with fig.. 5 and it is omitted here. 

3 The translated address corresponds to the logical a~dress ·shown on 

4 the right hand of the memory space of Fig. lOC. Then, whether or 

5 not the translated logical address is smaller than the RAlvl capacity 

6 (indicated in bytes) is determined (step 405). In the present embod-

7 iment example, since the RAlvI capacity is 128 KB, whether or not the 

S 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 the 

10 logical address and the RONf capacity (total capacity of the first and 

11 second ROlvf areas) is employed as a real address or the physical ad-

!2 dress of semiconductor auxiliary stor:ige 9 (step 406). Since the ROM 

.3 capacity is 4 MB in the present embodiment, 4 lvlB is added. 

4 Accordingly, the logical address actually designates a point in RAM 

5 area 58. On the other hand. in step 405, if the logical address ex-

6 ceeds the RAM capacity, the logical address is employed as the 

7 physical address in its present form (step 407). This address desig-

8 nates :i point -in second ROM area 57. 

9 In accordance with· this method, the semiconductor auxiliary stor-

0 age provid.es for the modification of basic programs and data while 

they ar~~- nonvolatility retained in ·memory. In the present embodi-

? ment, the logk:il address ·of RAl\I[ area 58 is smaller than the logical 

address of second ROM area 57, alth~ugh the logical . address of RAM 

area 58 may be arbitrarily selected. In this case, the translation ·al­

gorithm from the ~ogical addres·s to the physical address needs to be 

appropriately modified. 

-20-
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Attention .is now directed to a format track process which is 

Z equivalent to the format track process for the floppy disk· and the 

3 hard disk. For semiconductor auxiliary storage 9 having memory cir­

cuit 21, which is configured as RAM o~ly memory, and in which no 

. information has been written, a format track process must be caz:ried 

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 0 to the last tra.ck. In the case of track 0, when BIOS 

43 receives a request for the format track process from DOS 42, BIOS 

0 43 determines the device associated with the request and deter­

minos whether the request is to semiconductor auxiliary storage 9 or 

! to other I/0 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 INTI BH 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. · A~ an example, the memory space in Fig. 7 is 

immediately after the ID information area. i.e., address 400. The 

data pattern, "E5" is usually 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 ~rack 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 are:i (addresses 000 to 003). Then, the same data as the 

ID . information on track 0 immediately written before is written into 

-21-
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1 the last· four-byte area of the ID information area as the entire track 

2 ID information (step 504). With reference to the ID information area 

3 of Fig. 6 as an example, the ID information of the- track 0 is written 

4 into the area starting at the address 3FC. Thus~ the format track pro-

5 cess of the track 0 is completed and the format track process of -track 

6 1 is then carried out. The data area following the data are:t of track 

7 0 is filled with "E5", the ID information of the first track is written 

8 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 

10 rewritten as the ID information of the first track. The same process 

l l is repeated until the final track is reached and the format track pro-

12 cess for the semiconductor auxiliary storage is then complete. In this 

t3 manner, the DOS and the application program may be handled by 

l4 semiconductor auxiliary storage 9 in the same manner as they are 

15 handled by a hard disk memory or a floppy disk memory. 

16 Since the forma.c track process is carried out in the manner de-

17 scribed ~bove, whether or not the formatting is normally done is 

'8 determined by checking whether the entire track ID information co-

.9 incides with the last track ID information. If the format process is 

.o interrupted. and ·not carried out, normally the entire track ID infor­

mation _does not coincide with the· 1.,.st track ID information. -

2 While the ·invention has been described in conjunction with spe-

3 cific embodiments. it is evident to those skilled in the art that ·many 

_further altern:J.tives, modifications and variations will be apparent in 

light of the forgoing description. For example, Microsoft D<?S is· em­

ployed in the embodiment disclosed although the implementation of 

the present in_~~n~!_()ll_!!~ed not be limited to a DOS type system. 

-22-

..... 



.. 

Further, the present invention is not limited to the BIOS for the pur-

2 poses of software interrupt INTI B8 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 

th~ appe_n~ed 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 stora9e for temporarily storing the program to 

be executed by said central processing unit and data gene­
~ated 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 
auxiliary storage means; 

said basic input/output program being designed to ac­
cess said auxiliary storage means when an access request 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 system according to 
claim 1, wherein said semiconductor auxiliary storage means 
stores a program including an access request to magnetic 
storage memory mean.s . 

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

4. The information processing system according to 
claim 1, 2 or 3, wherein said semiconductor auxiliary sto­
rage means has a read-only memory and a erase/write memory. 
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and 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 read-only memory has been copied to said erase/write 
memory. 

5. The information processing system according to any 
of claims l 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 designated for magnetic storage 
memory means, said translation means employing said track 
ID information to make said address translation. 

7. The information processing system according to any 
of the preceding clai~s, 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 auxiliary storage means employed 
as a substit~te 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 compri~ing 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 any 
of the preceding claims, wherein said semiconductor auxiii­
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 previously 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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INFORl\lATION PROCESSING SYSTEi\-1 AND SEMICONDUCTOR 

AUXILIARY STORAGE FOR USE IN THE SYSTEi\1 

I Abstract 

2 A compact, low power consumption, light weight, highly reliable 

3 and high speed information processing system is provided by em-

4 ploying a semiconductor auxiliary storage{qJin lieu of conventional 

5 magnetic storage or memory means, such as a floppy disk memory or 

6 a hard disk memory. An access request to such a magnetic storage or 

7 memory means is converted to an access request for a semiconductor 

8 auxiliary storage comprising semiconductor integrated circuits with-

out requiring any modification of existing programs, such as, appli-

10 cation software and a disk operating system. A memory circuit of 

11 the semiconductor auxiliary storage comprises a ROM and a RAM, 

12 :md a portion of the ROM area is copied into the RA!v{ so that the 

13 modification of the programs and d:u:i is permitted while the basic 

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

B:ickground of the Invention 

This invencion relates generally co an information processing sys­

tem of a relatively. sm.all 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 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 syst~m 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 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 auxiliary storage to score 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 progr.ams from hard disk 6 or the tloppy 

disk 7 to main storage 2. Thete:ifter, CPU 1 executes the programs 

transferred to main storage 2 to :i~complish the objectives of the 

programs. 

The m:ignl!tic stor:ige such :is hard disk 6 oi" 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 :i 
······------
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result, the presence of the magnetic storage 1mp:irts a large restric­

tion to the realization of ·:i compact inform:uion system featuring ac­

tual portability. 

Since the prior art floppy disk drive or the hard disk drive m­

cludes a mech:mical rorary portion and a mech:mical -operation for 

moving a read/write. head r_elative to a magnetic medium, access 

time can be necessarily long and the operation of the drive slow. 

Funher, the mech:inical operation involved during the access opera­

cion is noisy. 

Beside the forgoing disadvantages, it is known that the magnetic 

storage is rel:itively weak with respect to a strong magnetic field and 

a high temperature nnd humidity environment. 

In order to nvoid the problems encountered in the magnetic stor­

:ige, attempts have been made to use a semiconductor storage by 

following two different approaches. In the first approach, an appli­

c;ition program, i.e., a data processing program which allows a user to 

visually interact wich the program and confirm a result, switches 

b:mks of the semiconductor auxiliary storage and access is accom­

plished to . the semiconductor auxili:iry 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 :rn:dliary storage :ind functions as a part of the operating 

system (OS). 

However, in che first approach, an· :ipplic:uion progr:im is designed 

to have a high dependency to particular type . :ind 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 storag.e, 

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 

OS. 

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 processing system 

while permitcing the utilization of the existing software applic:uions 

and programs created and written as targeted for use with particular 

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

hard dis~ 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 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 hosi .. program. The accessing 1s 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 semiconductor auxiliary sto_rage. The 

basic input/output ·program convens 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

m:uion based on the address for the m·agnetic storage and putting 

die ID information and the address for the magnetic storage into a 

predetermined mathemati~al formula. 

It is preferred that the semiconductor auxiliary storage contains 

both a re:id-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-only storage of the semiconductor 

auxiliary storage into the erase/write storage. When an access is 

i m:ide to th_e semicoi:iductor auxiliary storage having the portion of 

the content of the read-only storage copied into the erase/wrice stor­

age, it ·is preferred that the information processing system includes 

means for translating physical address of a source area to a physical 

:iddress 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 er~1se/wrice 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 cap:icity of the copied into area 
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as a physical address. In this manner, the access is made to the tar-

get are:i. 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 star-

age. 

It is prefer:ible that the semiconductor auxiliary storage be con­

structed for easy removable mounting in the information processing 

system. 

Other objects and attainments together with a fuJler understand­

ing of the invention will become apparent and appreciated by refer­

ring co 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. ~ is a block diagram of an internal configuration of a semicon-
. . 

duccor 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 bl'ock diagram of the system configuration for 

the embodiment shown in Fig. 1. 

Fig. 5 is a t1ow chart of read and write processes of the BIOS to a 

software interrupt INTI H11 from the DOS. 

Fig. 6 is a store status of ID information. 

Fig. 7 is a memory space of the semiconductor auxiliary storo.ge. 
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Fig. 8 is a flow chart of read and write processes of the B fOS to the 

software interrupt INTI BH from the DOS for selecting a processing 

procedure based on the c:ipacity of the semiconductor auxiliary stor­

age. 

Fig. 9 is a flow chart of a process for determining a capaci_ty for 

each memory type of. semiconductor auxiliary storage. 

Fig. 1"0 is a relationship 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 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 co Fig. 1 there is shown information processing 

system l . of this invention compris_ing CPU IA, 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 storage 2 and BIOS ROM 3 are sometimes referred to 

collectively . as the m:iin s_tor:ige of system l but they :ire sep:i.rately 

referred herein. 

CPU I. main storage 2, keyboard 4, and display 5 are identical to 

those employed in the convention:il inform:iti~n processing system 

shown in Fig. 14. A physical structure of BIOS ROM 3 is also identical 

to a convention:il 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 con"'.entional sys·tem. Expansion floppy disk 10 and expan­

sion hard disk 11 may be added as required in order to support the 

operation of semiconductor auxiliary s~orage 9. For example, these 

expansion disks may. be added when semiconductor auxiliary storage 

9 is not sufficient alone for the memory capacity necessary for auxil­

u1ry 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 regis~er 22, address register 23 and control register 24. 

Memory circuit 21 contains two types of memories: a re:id-only 

memory (ROM) and an erase/write memory (RAlv[). Semiconductor 

au:dliary 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 storage ·structures are usually provided so that a 

large amount of dat:i may be stored among semiconductor auxiliary 

storages or separate semiconductor auxiliary storages :ire 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 2 l. A 

stare address for access by CPU t.- to memory circuit 21 is set by CPU 
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1 into··-·acldr'Css. register 23 through system bus (1/0 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 th:u 

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 

:id dress. 

Control register 24 stores an identification code or device infor­

mation indicative of the memory type of semico~ductor auxiliary 

storage 9. Fig. 3 shows a store status in control register 24 of .the 

memory capacity by memory type which is n 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 0 (MKO) of the register is "1 ", this indicates that the mem­

ory type of memory circuit 21 is a RAM. Similarly, bit l (MK!) indi-

. cates a J}'lask ROM. bit 2 (l\tIK2) indicates a P-ROM. and bit 3 C:MK3) 

indicarc:.S ·an EEPROM. 

Fig. 3B sh.ows a capacity register which indicates the erase/write· 

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

regi~ter is "I". this indicates that the erase/write capacity is 64 kilo 

bytes (KB). Similarly, bit 1 (WCI) indicates 128 KB, bit 2 (WC2) indi­

cates 256 KB, bit 3 (WC3) indicates 512 KB, bit 4 (\VC4) indicates 1. 
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MB, bit 5 (VfC5) indic:ues 2 MB, bit 6 (WC6) indic:ues 4 N{B, and bit 7 

(WC7) indicates 8 MB. 

Fig. 3C sh.ows a capacity register which indicates the read-only 

memory (ROM) capacity of memory circuit 21. When bit 0 (VCO) of 

the register is ''I", this indicates that the RO ~t capacity is 64 KB. 

Similarly, bit 1 (UCl)_ indicates 128 KB, bit 2 (UC2) indicates 256 KB, 

bit 3 (UC3) indic:ues 512 KB, bit 4 (UC4) indicates 1 :MB, bit 5 (UC5) 

indicates 2 MB, bit 6 (UC6) indicates 4. NIB, and bit 7 (UC7) ·indicates 8 

MB. The conce::nts of those registers are detected by reading out· :i 

specific I/O port address of the information processing system 1 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 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 circ.uits for -r:nemory storage, it is easy to transport and handle. 

Since a flOM 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. 

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

tion of the system 1 relative to o_peration in a file access mode. 
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Application software 41 exists at the top level of hierarchy. Next is 

disk operating system (DOS) 42 which handles software interrupcions 

due to file ·input/output requests from application software 41. 

Below DOS 42 is a basic input/output. system ·(BlOS) 43 which is 

firmware that controls the lower level input/output operations rela­

tive to operation ~f ·hardware 44. The general configuration of 

hardware 44 is shown in Fig. 1. CPU l 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 by 

the software interrupt INT1 Bu 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 and application software 41 are generally stored m 

semiconductor auxiliary storage 9 and they are transferred to mam 

storage 2 and executed by CPU l. DOS 42 may be stored in BIOS ROlvf 

3. 

When the in formation processing system shown in Fig. 1 is 

started, CPU 1 executes the IPL stored in BIOS ROlYf 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 execut.ed under the control of DOS 42. 

Application ~oftware 41 · and DOS 42 are prepared on the assump­

tion that the magnetic storage, s~ch 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. B £OS 43 converts the access request 

for che m:ignecic storage to an access request for semiconductor 
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auxiliary storage 9 in wing 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, m 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 I can make use of existing appli­

cation software without any need or requirement of changing the 

content thereof including any necessary 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 INTl BH from DOS 42. When application 

software 41 issues a file inpuc/output request to DOS 42, DOS 42 de­

termines a drive associated with that file and issues the software 

interrupt, 1NT18 11 , 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 numb~r and determines if the request is to semiconductor 

auxiliary storage 9, which is treated as if it were the floppy <lisk 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 10 or ex­

pansion hard disk 11, the normal read/write process for the software 

interrupt INTl B11 is carried (step 106). If 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 ID inform::uion which would normally be wricten 

m a magnetic auxiliary storage or memory means. It is the 1nforma-
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tion necessary for BIOS 43. to tr:msl:ite 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 detail later. If the ID information has been correctly 

formatted, the disk address (cylinder number, surface number and 

sector number) is transl:ited into an address in semiconductor auxil­

iary storage 9 based on the content of the ID inform:ition stored in 

semiconductor auxiliary storage 9 (step 103) and an input/output 

process is carried out (step 104). The address transl:ition in the step 

103 will be explained in detail later. 

By the provision of the discrimination . function to determine 

whether BIOS 4.J 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 :is .the auxili.ary 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. 

Referring to Fig. 6, the track ID information for the magnetic stor­

age. is now explained. In this p:irticul:i.r ex:i.mple. semiconductor 

auxiliary storage 9 is treated a 640 KB floppy disk. Fig. 6 shows :i. 

format of the ID information stored in the first 1 KB area of semicon­

ductor au:dli•1ry storage 9. The ID inform:uion includes four bytes. 

one byte for e!>.ch cylinder number (C), surface number (H), the num­

ber of sectors (R) and. the length of sector (N) for e:ich 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 :ilso written 

in the ID area ·of the floppy disk. The surface number "00'~ indicates 

a front surface and "01" indicates a r!=ar 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 accord:mce with a sector 

l~ngth code of Table 1. Bit 7 thereof indicates whether it is single 

density or double densit)".. In the present embodiment, each track is 

of single density and has 512 bytes. 

N 0 1 2 3 4 

SECTOR LENGrH 128 256 512 1024 2048 

N 5 6 7 SOR LONGER 

SECTOR LENGrH 4096 8192 16384 32768 

Table I 

In Fig. ·6, numbers in the leftmost column indicate the top address 

of the ID information of the respective tracks. As m:my 4-byte ID 
.. 

information for the tracks is provided as the number of tracks of a 

virtual floppy .disk, :ind ·entire track ID information 61 having the 

same data content as th:u of lost rack 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

[ion 60 can b~ calcul:ued based on entire track ID inform:i.cion 61 by 

[he following formula: 
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(C x 2 x H) x 4. 

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

(4F x 2 + I) x 4 = 27C. 

The translation from a 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 rp 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 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 relating to the cylin­

der number and the surface number which are portions of the disk 

address delivered from the software interrupt INTI Bn. 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 = l and Hi = 1, which represent the 

third track inco 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 ddivered from the software interrupt INT1B 119 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 above for-

mu la and an input/outpu_t _ ~ddress 9f. s~mi~orrductor auxiliary storage 
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9 corresponding to the disk address is calculated m accordance with 

the following formula (I) or (2): 

400H + ((C x·2 + H) x R + Ri - 1} x 128 x 2N (1) 

400H + (C x 2 + H) x R x 128 x 2N x 2 + (Ri - 1) x 128 x 2N (2) 

Formula (1) is used in the case of double density while formula 

(2) is used m 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) indic:ues 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 2N 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 

~mployed as a floppy qisk. It may also be employed as a hard disk 

in accord:::mce with the same philosophy. In chis case, the ID infor­

m:ition fbr :i hard disk is written . inco semiconductor :iuxili:iry stor­

age 9. When ~n :iccess 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 application software 41 as the data from 

the hard disk. 

Semiconductor auxili:i.ry 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 application. Usually, the hard disk has a 

larger capacity. than the floppy disk. Thus, _semiconducto~ auxiliary 

storage 9 which has a r.el:itively large· cap:icity is employed as a h:ird 

disk arid semiconductor auxiliary storage 9 which has· a relatively 

smn1l capacity is employed as a floppy disk. In processing the soft­

ware interrupt INTI BH 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 

INTl B11 of BIOS 43. When application software 41 requests a file in-

put/output request to DOS 42, DOS 42 issues the software interrupt 

INTIBH to BIOS 43. BIOS 43 determines to which device the request 

was issued from in order to determine whether or not it is co semi-

conductor auxiliary storage 9 (step 201 ). If it is not to semiconductor 

au:dliary storage 9. then a normal INTI B11 process is carried out (step 

205) as is known in the art. If it is to 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 semiconductor auxiliary storage 9 as the floppy disk is 

carried ouf (step 203). The step . 203 · in Fig. 8 corresponds co ch~ ... 

treatment designated in dotted line box 110 of Fig. 5. In step 202, if 

the capacity is more than 1 ~[B, an input/output process is cnrried 

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 cype 

of semiconductor auxiliary storage 9 which is required in tbe 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 ROlvf flag and the RAlvl 

flag are cleared to zero (seep 301 and 302). Then, a determin:i.tion 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 the description in connection with .. 

Fig. 38, and the RA!Y[ load flag is also set (step 305). The. RAM ca­

pacity can be calculated by multiplying the content of the 

-:r:i.se/write capacity register by 64 KB. Then, the memory type reg­

ister is again examined to determine whether the ROM content has 

been lo:ided into semiconductor auxiliary storage 9 (step 306). If the 

ROlv1 has been loaded, the capacity of the ROlvf is determined by the 

non erase/write capacity register (step 307), as per the descTiption 

in connection with Fig. 3C, and a ROM load flag is also set (step 308). 

In this manner, the capacity for e:ich memory type of semiconductor 

auxiliary storage 9 can be determined. 

When memory circuit 21 of semiconductor auxiliary storage 9 is 

""!t 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 tQ be a RA~[ only memory. the stored data is destroyed when a 

back-up power system, such as a battery, becomes exhausted. Thus, 

the programs :ind 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 au:dliary 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 t , the mm1mum required programs and d:ua 

originally written into storage 9 and modified 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 auxili:l.ry 

storage 9. Fig. IOA is a data fo.rmat of an OS and is specifically rep­

resentative of ?vlicrosoft MS-DOS. Figs. 10B and .lOC show memory 

types associated with appropriate address locations. 

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

area 52. entry control area 53 and erase/write data area 54which sr.oU: 

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. l OB, 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 are:i 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 tcip 1 KB· of first 

ROM area 56. The data corresponding to the RA?vl capacity is trans­

ferred frbrri 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 RAlvl area 58. 

The portion of the ROM area which· has the same capacity as RAlvl 

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 c~pying is carried out by executing a copy program stored in 

BIOS ROiVf 3 ·via CPU 1. The copy mechanism comprises the copy pro­

gram, CPU I and main storage 2. Fig. 11 shows a flow ch~rt of the 

copy process. First, the capacity of RAlv[ area 5g· 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 58, 

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 RA1'[ 

area 58 is determined, an end position of first ROM area 56 is c:ilcu­

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. lOC shows the memory type as well as the logical address and 

the physical address. The term logical :iddress as used therein 

means an address which indicates a virtual logical spo=e for the in­

formation processing system for semiconductor auxiliary storage 9 

after initialization via the copying process described above. The 

physical address means nn 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 r...·fB-·128 KB second RO.M ar~a 57 exists following the 128 KB 

1 RA!V[ area 58, as shown in. the logical address column of Fig. lOC. 

Fig. 1'2 is a flow chart of a process for converting a logical address 

to a. physical address when BIOS 43 accesses the initfalized semicon­

ductor auxiliary storage 9 in response to a software· interrupt INTt 8 11 

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

cal address of semiconductor auxiliary storage 9 (step 404). The 

-19-
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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 omitced here. 

The translated address corresponds to the logical address ·shown on 

the rig he hand of the memory space of Fig. l OC. Then, whether or 

not the translated logical address is smaller than the RA1'f capacity 

(indicated in bytes) is determined (step 405). In the present embod­

iment example, since the RA~r 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 the 

logical address and the ROM capacity (total capacity of the first and 

second ROwf 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 ~IB is added. 

Accordingly, the logical address actually designates a point in RA.i\II 

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 provid_es for the modification of basic programs and data while 

they ar~~ nonvolatility retained in ·memory. In the present embodi­

ment, the logical address ·of RAM area 58 is smaller than the logical 

address of second ROrvt area 57, alth~:mgh the logical . address of RAM 

area 58 may be arbitrarily selected. In this case, the transfation a.1-

gorithm from the _logical addres·s 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 crack 0 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 

·3 determines the device associated with the request and deter­

mine-s whether the request is to semiconductor auxiliary storage 9 or 

to other I/0 devices. for example, exp:msion floppy disk 10 or ex­

pansion hard disk 11 (step 501). [f the request is noc to semiconduc­

tor auxiliary storage 9, a normal INTI BH format track process is car-

ried ouc (step 505). If it is to semiconductor au:dliary storage 9, the 

address on semiconductor auxiliary storage 9 is calcul:ued based on 

the disk address for track 0 and an area corresponding to a one-track 

capacity below the calculated address is filled ouc by a predeter­

, .. ~:ned data. · priccern. ·A~ an example, the memory space in Fig. 7 is 

immediately after the ID information area. i.e., address 400. The 

data patt~rn. "E5" is usually 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 

indicacing 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_ ~-OJ.Ck 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 

ID information (step 504). With reference to the ID information area 

of Fig. 6 as an example, the ID information of the track 0 is written 

into the are:i starting at the address 3FC. Thus, the format 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 "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 crack 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 form:u 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 m:mner 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 ;ibove, whether or not the formatting is normally done is 

determined by checking whether the entire track ID information co­

incides with the last crack 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 ·invention has been described in conjunction with spe­

cific embodiments, it is evident co those skilled in the arc that many 

further aJcern:icives, 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 prese~~- _!nve~ti_()_n .. need not be limited co a DOS type system. 
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Further, the present invention is not limited to the BIOS- for the pur­

poses of software interrupt INTI BH 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 appe_nded 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 stora9e 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 

auxiliary storage means; 

said basic input/output program being designed to ac­

cess said auxiliary storage means when·an access request to 

an auxiliary storage means construed as magnetic storage 

memor~ means is received as a result of the execution of a 

host program. 

2. The information processing system 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 system according to 

claim 1 or 2, wherein said semiconductor ·auxiliary storage 

means has a read-only memory and a erase/write memory, said 

information processing system including means for copying a 

portion of content of said read-only memory to said 

erase/write memory. 

4. The information processing system according to 

claim l, 2 or 3, wherein said semiconductor auxiliary sto­

rage means has a read-only memory and a erase/write memory 
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and 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 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 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 designated for magnetic storage 

memory means, said translation means employing said track 

ID information to make said address translation. 

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 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 auxiliary storage means employed 

as a substit~te 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 memori 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 any 
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 previously 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
pnetic 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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INFORl'YIATION PROCESSING SYSTEi\1 AND SEMICONDUCTOR 

AUXILIARY STORAGE FOR USE IN THE SYSTEl\.1 

Abstract 

A compact, low power consumption~ light weight, highly reliable 

and high speed information processing system is provided by em­

ploying a semiconductor auxiliary storage(qJin lieu of conventional 

magnetic storage 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 :i semiconductor 

auxili:iry storage comprising semiconductor integrated circuits with­

out requiring any modific:uion 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 RAtvf, 

and a portion of the ROM area is copied into the RA~{ so that the 

modification of the programs and data is permicted while the basic 

progr:i.m :ind data can be retained in a nonvolatile manner. (Fi~. 1) 

·- ----·-- ---------

FIGURE 1 
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B:ickground of the Invention 

This invention rel:itc::s generally co an information processing sys­

tem -of :i relatively small size such :is a personal computer, and more 

particularly to an information processing system having :i compact 

Jnd high speed auxiliary storage for storing d:it:i :ind programs. 

A conventional inform:uion processing system is generally config· 

ured :is shown in Fig. 14. Such a system comprises a central process­

ing unit (CPU) I which is :i heart of the system. CPU l is connected 

through syst~m bus 26 to main storage 2 in which progr:ims :ind 

dJ.tl transferred from the auxiliary storage and - intermediate results 

of progr~ms being executed are stored. re:id-only memory (RO~() 3 

which stores a basic input/output system (BIOS), keyboard 4 which 

functions as an input device to the system, display 5 which functions 

:is an output device, :i hard disk 6 :ind a floppy disk 7 which function 

as :in :iuxili:iry 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 inicfal Io11d program (ILP) scored in 

BIOS ROM 3 to m1nsfer the progr:ims from hard disk 6 or the t1oppy 

disk 7 to main storage 2. There:iftcr, CPU I executes the progr:ims 

tr:insferred to m:iin stor:ige 2 to ac:co~plish the objectives of the 

programs. 

The m:ignc:tic: storage: suc:h :is h:ird di:sk 6 or floppy disk 7 which 

are employed ~s the auxiliary storage has a limit in· its possible size 

reduction. weight reduction :ind power consumption _red~c~ion_. As a 
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resufc, the: presence. of che magnetic scor:ige imp:irts :i l:irge restric­

. tion co che re:iliz:uion of :i comp:ict inform:uion system fe:uuring ac­

tual portJbilicy. 

Since the prior art floppy disk drive or che hlrd disk drive in­

cludes J mech:inical rot:iry portion :ind· :i mechanical oper:ition for 

moving a re:id/write he:id relative to a magnetic medium. :iccess 

cime c:in be necessarily long and the oper:ition of the drive slow. 

Further. the mech:inic:il operation involved during the :iccess opera­

tion is noisy. 

Beside the forgoing dis:idv:intages, it is known that the magnetic 

scor:ige 1s rel:uiveJy we:ik wich respect to :i strong m:ignetic field and 

a high remper:iture :ind humidity environment. 

In order to avoid the problems encountered in the- magnetic stor­

:ige, :iccempcs have been m:ide to use il semiconductor storage by 

followin_g cwo differenc approaches. In the first approach, an appli­

cation program. i.e., a dat:i processing progr:im which allows a user to 

visuaJly inter:ict with the progr:im <ind confirm a result, switches 

banks of the semiconductor auxili:lry sto~ge and access is accom­

plished co the semiconductor auxili:lry storage which is dec:med :is :i 

p:irt . of :the main storage of the system. In the second :ipproach. the 

:iccess is made through :i device drive program, i.e .• a device driver. 

:is _a specific au:dli:iry storage and functions as :i pan of the operating 

system (OS). 

However, in the first :ippro:ich, an applic:uion progr:im is designed 

co have a high dependency to p:it"ticular type :ind kind of memory 

employed. An existing application program is usually cre:ued and 

p.ccpared on the assumption th:it a hard ~isk _or a ·nappy disk is em-
·-· - --··· ...... ·-·-· --- . "' 
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ployed as :in :iuxilfary stor:ige. Thus, it is necess:iry to modify the 

:;iplic:uioa progr~n s1'.1 rhat i~ m:iy be em~foyerl w{th t'11! semii:un· 

· ductor auxiliary storage. 

In the second appro:ich. :ifter the device driver is actu:ued, the 

semiconductor stor:ige device is set in its activated condition. A 

BOOT program is stored in a sc:miccnductor device :ind the m:iin body 

of software c;i.nnot be set up on an active condition. Then, it is not 

possible to store the OS itself in the semiconductor :iuxili:iry stor:ige, 

:ind it is not possible to incorpor:ite a medium copy prognm, i.e., 

copied into such a stor:ige. or from :i floppy disk to floppy disk :ind, 

further. is dependent on a BIOS which h:is a high dependency on the 

OS. 

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 power to the memory ch~ps and a bus 

converter for siqnal 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 diskette. 

· h is an object of the present invention ro solve the above men· 

tioned problems. 

It is :i.nother object of this invention to provide :i compact. light 

weight. highly reliable :ind high spee_d information processing system 

while: permitdng the utiliz:ition of the existing sot"tw:ire :ipplic:itions 

:md progr::ims cre:ited :ind written :is t:irgeted for use with p:inicul:ir 

convention:>.! memory me:>.ns. such as a floppy disk memory ·or :i 

hard disk memory. 
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S:.imm:iry lJt° the rrnention 

These objects are achieved with an information 

processinq system, a semiconductor auxiliary storaqe means 

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

According to this invention, a inform:uion processing system of 

the present invention empfoyes a semiconductor auxilfary stor:ige :is 

an luxiliary scorage. A b:isic input/output progr::im stored in the 

main body of the system accesses the semiconductor auxiliary stor­

age when it receives :in address request for a m::ignetic auxiliary 

stor:ige or memory me:ins, which request originates from the execu-
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cion of :i host progr:im. The :icc:ssing is_ accomplished by tr:insl:iting 

an address for the magn.etic scor:ige into :in address for the semicon­

ductor auxiliary storage. The address tr:insfation is accomplished by 

utilizing ID inform:uion for the m:ignetic stor:ige which h:is previ­

ously been written into the semiconductor auxiliary storage. The 

b:isic input/output program convens the :icc:ss request for chc m:ig­

necic storage from :in :ipplic:ition software or a disk operating system 

t DOS) to :in access request for the semiconductor :iu:cili:iry stor:ige 

and e:cecuces the request. An address for the semiconductor :iu:cil­

iary scor:ige is obtained by reading out the corresponding ID infor­

m:ition based on the address for the magnetic stor:ige and putting 

the ID information :ind the :iddress for the m:igne:ic stor:ige into :i 

predetermined m:ichematic:il formula. 

It is preferred th:it the semiconductor auxili:iry storage conc~iins 

both l re:id-only storage :ind :i er:ise/wrice storage c:ipacity :ind that 

the information processing system include me:ins for copying :i por­

tion of the content of ch·e re:id-only stor:ige of the semiconductor 

auxiliary storage into the er::ise/write storage. When an access is 

m:ide to the semiconductor :iuxili:iry stor:ige having the portion of 

the= content of the read-only stor:ige copied into the erase/write stor­

:ige. · it ·is preferred that the information processing system includes 

me:ins for tr:insl:iting physical address of a source are:i to :i physical 

:iddress of :i target :ire:i. \Vhen the portion of the content of the 

read-only storage of the· semiconductor auxiliary storage has been 

copied into the erase/write storage .:ind an access request is issued· to 

the source area. the access is m:ide by employing :i sum ·of the ad­

dress :ind :i value determined by the c:ip:icity of the copied into are:J. 
- --- . - -·· - ---· ··- - --· 
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JS :i physic:il address. ln chis m:mner. the access is made to the C!lr-

g'!~ :i.reJ. Further. when an Jcc:ss is made to the semiconductor 

:lU:dliJry scor:ige. me:ms may be provided for determining whether 

the semiconductor auxiliary stor:ige is to be handled :is :i ·floppy disk 

type magnetic scor:ige or :i h:ird disk type magnetic scor:ige b:ised on 

J. determin:ition of the c:ip:icity of the semiconductor :iuxiii:iry star-

It is prefer:ible th:it the semiconductor :iu:dli:iry stor:ige be con­

structed for easy removable mounting· in the inform:uion processing 

system. 

Other object~ and att.1inmencs cogecher with :i fuller understand­

ing of the in vc:ndon will become :ipparent :ind appreciated by refer­

ring co che following description :ind claims taken in conjunction with 

che accompanying drawings. 

Brief Description or the Drawings 

Fig. 1 is a block diagram of one embodiment of :in information 

processing system comprising the present invention. 

Fig. 2 is :i block di:igrlm of :in intern:il configur:ition of :i semicon­

ductor auxiliary storage employed relative to this invention. 

Fig. J is a store status of capacity inform:ition by memory type in 

a control register. 

Fig. 4 is :i hier:irchy block di:ig~m of the system configuration for 

the embodiment shown in Fig. 1. 

Fig. 5 is a tlow · ch:irt of re:id :ind write processes of the BIOS to :i 

software interrupt lNTl H11 from the DOS. 

Fig. 6 is a store status of ID inform:uion. 

Frg. 1 is :i memory sp:ice of_tlli=. s.em.iconductcr a.uxili:iry storage. 
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Fig. 8 is a flow ch:trt of re:td and write processes of the BfOS ro the 

softw:ire interrupt INTI BH from the DOS for selecting :i processing 

procedure based on the c:ip:icity of the semiconductor :iu:dliary star-

Fig. 9 is :i flow ch:irt of :i process for determining :i c:ip:icity for 

e:ich memory type of semiconductor auxiliary storage. 

Fig. 10 is a relationship among :i data form:ic. a memory type :ind 

:i logic:il address in the memory sp:ice of semiconductor auxiliary 

storage. 

Fig. 11 is a flow ch:.irt of a copy process. 

Fig. l 2 is a flow chart of a tr:insfacion process from :i logic:i! ad­

dr:ess co a physic:ii address. 

Fig. 13 is a flow chart of a form:ic track. process. 

Fig. i..i. is a block diagr:im of a prior art inform:icion processing 

system. 

Description of the Preferred Embodiments 

Ref~rring now co Fig. 1 there is shown information processing 

system I of this invention comprising CPU IA, main stor:ige 2, BIOS 

ROLVI 3, keyboard 4, display 5, semiconductor storage 9, expansion 

floppy disk 10 and exp:insion hard disk 11 all connected to system 

bus 26. Main storage 2 and BIOS ROM 3 :ire sometimes referred to 

collectively :is the m:iin stor:ige of system 1 but they :ire separately 

referred herein. 

CPU I, m:iin stor:ige 2, ·keyboard 4, and displ:iy S are identic:il to 

those employed . in the convention:il information processing system 

shown in Fig. 14. A physi!=:tl structure of BIOS ROM 3 is also identical 

to :i conventiom1l BIOS but the content of· :i prog~:im stored the_rein _ i~ 
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different in part be~:z:use of the necessity to drive :ind concrol semi· 

conductor :iu:dli:iry stor:ige 9 inste:id of h:ird disk 6 :ind floppy disk 

i in che conventional system. Expansion floppy disk IO and expan­

sion hard disk 11 m:iy be added lS required in order to support che 

oper:nion of semiconductor auxiliary storage 9. For example. chese 

e:tpansion disks ni:iy be :idded when semiconductor :iuxili::iry stor:ige 

9· is not sufficient alone for the memory c:ipacity necessary for :iu:dl­

i:iry stor:ige. On the other h:ind, these expansion disks :ire not al-

ways necessary. 

Fig. 2 is a block diagram of an internal configur:uion of semicon­

ductor auxiliary scor:ige 9. Semiconductor auxiliary storage 9 com­

prises memory circuit 21 including a semiconductor integr:ited cir­

cuit, daca register 22, address register 23 and contr:ol register 24. 

:\t[emory circuit 21 contains two types of memories: a read-only 

memory (RO~t) and an erase/write memory (RAlv[). Semiconductor 

auxiliary storage 9 is physic:illy supported on a structure generally 

referred to :is an IC c:ird. It has :i card-like plate structure. and 

when it is plugged into connector 25 to system bus 26. electrical con­

nection is m::ide to system bus 26. [n Fig. 2, only one semiconductor 

auxiliary storage 9 is illustr:iced for purposes of simplification but ::i 

plurality of such stor:ige structures arc usually provided so that ::i 

large amount of data may be stored among semiconductor auxiliary 

storages or sep::ir::ite semiconductor auxiliary storages :ire employed 

for storing ~oftware progr:ims :is well a.s for storing d:iu. 

The functional oper:ition of storage 9 is gene·r:illy as follows. 

Address register 23 designates an :iddress. in memory circ_uit 21. A 

st~rt_~d~£e~-~- fo~ access by CPU t- to memory circuit 21 is set by CPU 
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l into address register 23 through system bus (Y/0 b•Js) 26. After 

the st:i.rt address h:is been set in address register 23. d:it:i is written 

inco d:it:i regi"ster 21 :ind che d:u:i is autom:itic:illy written into ch:u 

:iddress in memory circuit 21. When the d:it:i is written into dat:i 

register 22. address register 23 is autom:uic:illy incremented so that 

d:ita c:in be written into the next address. Simil:irly. when the st:irt 

:iddress is set in address register 23 and d:ita is read from dat:i 

register 22, the dat:i is :iutom:uic:illy re:id from ch:it address of 

memory circuit 21. When the d:ua is re:id. address register 23 i .. 

lUtomacic:illy incremented lnd d:ita c:in be re:id out from the nc:xt 

address. 

Control register 24 stores an identification code or device infor­

mation indicative of the memor1 type of_ semic.onductor auxiliary 

storage 9. Fig. 3 shows :i store status in control register 24 of the 

memory c:ipacity by memory type which is a portion of the device 

inform:ition of semiconductor :iuxili:iry stor:ige 9. Fig. 3A shows :i 

type register which indic:ues the memory type of memory circuit 21. 

When bit 0 (MKO) of the register is "I", this indic:ites that the mem­

ory type of memory circuit 21 is a RAM. Similarly, bit -1 (MKI) indi­

c:ite.s a ~:isk RO!\-f. bit 2 (MK2) indic:ues a P-ROM. :ind bit 3 (~IK3) 

indic:m~s 3n EEPRO~f. 
Fig. 38 shows :i c:ipacity register which indic:ues the erase/write 

memory c:ipacity of memory circuit 21. When the bit 0 (WCO) of the 

regi~ter is "I'', this indic:ites that the er:ise/write c:ip:icity is 64 kilo· 

bytes (KB). Simil:lrly, bit 1 (WCl) indic:ues 128 KB, bit 2 (WC2) indi­

c:ites 256 KB, bit 3 (WC3) indicates 512 KB. bit 4 (WC4) indic:ites l 
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~18. bit S (WC5) indic:ues 2 ~IB. bit 6 (WC6) indic:m:s 4 MB. ~nd bit 7 

(WC7) indic:ues 8 MB. 

Fig. JC shows a capacity register which indic:ites [he re:id-only 

memory (ROtvf) c:ip:icity of memory circuit 21. When bit O (VCO) of 

the register is "I". this indic:ites that the RO ~f c:ip:icity is 64 KB. 

Similarly, bit 1 (UCl) indicates 128 KB, bit.2 (UC2) indicates 256 KB. 

bit 3 (UC3) indic:ites S 12 KB. bit 4 (UC4) indic:ites l MB, bit S (UC5) 

indicates 2 ~IB, bit 6 (UC6) indicates 4 MB. and bit 7 (UC7) indic:ues 8 

MB. The concc:nts or those registers are dc:cected by reading out :i 

specific [/0 port address of the information processing system l and 

che memory type and the memory capacity of semiconductor :iuxil· 

.iJry storage 9 which is currently loaded c:in be determined based on 

the contents of these registers. 

As previously indicated, semiconductor auxiliary storage 9 is re­

mov:ibly ·mounted onto system bus 26 through connector 25. Storage 

9, _therefore, may be exchanged for use rel:uive to e:ich program or 

dat:i stored in stor:ige 9 as in the c:isc of :i convention:il floppy disk. 

Since storilge 9 is of a card shape by utHizing semiconductor inte­

gr:ited circuits for memory storage.· it is e:isy to transport :ind handle. 

Since :i ~Q~( is used enrirely 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 opcr:ition of information processing system 1 of the present 

embodiment will now be explained. 

Fig. 4 shows a hicr:irchy block diagram of the system configura· 

tion of the system 1 rel:uive to ~per:nio~ J1:1 -~ fili: access modt:. 
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.J..pp!ic:ition s~fr.1iare_ 41 e:tists :it the top · tev.et of h ier;irchy. N'i::ct is 

disk oper:iting system (DOS) 42 which handles softw:ire interruptions 

due to file input/output requests from :ipplic:uion softw:ire ~I. 

Below DOS' 42 is :i basic input/output system (B lOS) 43 which is 

firmware ch:it controls the lower level input/output oper:uions rela­

tive to oper:uion of h:irdw:ire 44. The gener~l configuration of 

h~udware 4.i. is shown in Fig. l. CPU 1 may. for example, be an Intel 

16 bit microprocessor 8086. DOS 42 may be Microsoft ~S-DOS. BIOS 

43 may be one of the input/output systems of the disk requested by 

the software interrupt 1~11 Bu from DOS 42. BIOS 43 is stored in 

BIOS ROM 3 together with :in IPL :ind it oper:ires under the control of 

CPU 1. 09s 42 and application software 41 are generally stored in 

semiconductor auxiliary stor:ige 9 and they are transferred to main 

s•or:ige 2 :ind executed by CPU 1. DOS 42 mily be stored in BIOS ROM 
.. . 
~. 

When the inform:uion processing system shown in Fig. l is 

st:irted, CPU 1 executes the -lPL stored in BIOS ROl\tt 3 and transfers 

DOS 42 stored in semiconductor auxiliary stor:ige 9 to . m:iin stor:ige 2. 

Then, CPU I tr:insfers :ipplic:ition software 41 ~tared in semic·anduc · 

tor :iuxilfary stor:ige 9 to m:iin stor:ige 2 and the :ipplic:i.tion software 

is executed under the comrol of DOS 42. 

Application software 41 and DOS 42 :ire prep:ired 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 applic:uion software 41 to access the floppy 

disk or the hard disk. However, BIOS 43 converts the access request 

for the m~gncdc stor:ige to an a:cccss request ... for semi~o.r1d~c!or .. 
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Juxi!i:ry storage 9 in the following m;:nner. Accordin~!y. COS 4'2 :ind. 

applic:icion softw:ire 41 see the auxiliary stor:ige :is che m:ignetic 

storage but. in face. is semiconductor auxiliary storage 9. In other 

words. in the present system. semiconductor auxili:iry storage 9 is 

tre:ited :is if it is the magnetic stor:ige or memory me:ins. As :i re­

sult. information processing system 1 c:in m:ike use of existing appli­

cation software without any need or requirement or choinging che 

content thereof including any necessary ad:ipt:icion co interface with 

semiconductor auxiliary storage 9. 

Fig. 5 is :i flow ch.:irt of the: re~d :ind write processes of BIOS 43 

for the software interrupt INTI Bu from DOS 42. When :ipplic:ition 

software 41 issues :i file input/output request to DOS 42. DOS 42 de­

termines a drive :issoci:ued with that file: :ind issues the software 

interrupt. INT1B 11 • to BIOS 43. DOS 42 requests BIOS 43 for access co 

eith~r thi= floppy disk or che hard disk. BIOS 43 determines the 

drive associ:ited with the request {step 101), i.e., it determines :i 

drive numbc:r and determines if the request is· to semiconductor 

auxiliary scor:ige 9. which is treated as if it were the t1oppy disk or 

the hard disk, or to expoinsion floppy disk 10 or to expansion h:ird 

disk 11. ~ rr the request is :iccess to expansion floppy disk: 10 or ex­

pansion hard disk 11, the normal re:id/write process for the software 

interrupt lNTlB 11 is carried (step 106). If the request is access to 

semiconductor auxiliary storage 9, the content of the ID information 

stored in. semiconductor au:dliary stor:ige 9 is examined to detc:rmine 

if the correct ID information has been formatted_ (step 102). The lD 

information. is track ID information which would normally be written 

in :a magnetic auxiliary storage or memory me:ins. It is the informa-
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don nec:c:!)sary for BIOS 43 ro cr:insl:ue the disk address to :in ilCldress 

in semiconductor :iuxitfary stor:ige 9. If the ID information h:is nae 

bc::n formatted. the address tr:mslation c:innot be c:irried out :ind :in 

error process is c:irried out (step 105). The ID inform:ition will be 

~xpl:iined in dec:iil later. If the fD inform:ition h:is been correctly 

formatted, the disk address (cylinder number, surface number :.md 

sector number) is tr:insl:ited into :in :iddress in semiconductor auxil­

iary storage 9 cased on the content of the ID inform:uion stored in 

s~miconduccor auxiliary storage 9 (step 103) :ind :in input/output 

process is c:irric:d out (step 104). The address tr:msl:nion in the step 

I 03 will be explained in de::iil later. 

By the provision of the discrimination function to determine 

whether BIOS 43 requests the access to semiconductor auxiliary stor­

:ige 9 or not. and the lddress tr:inslacion function and the in­

put/output function for semiconductor :iuxili:iry storage 9 by the 

reference of the ID inf9rm:icion. :ipplication software 41 and DOS 42 

nc:ed noc be concerned th:it semiconductor :iu:dlfary storage 9 is em­

ployed :is the :iuxili:iry storage r:uher th:m a convention:il m:ignecic. 

sror:ige memory me:ins. It c:in be tre:ued as if the floppy disk. or the 

hard disk is employed as [he auxiliary stor:ige. 

Referring to Fig. 6. the track ID information for the magnetic stor­

age is now· explained. In this particular ex:imple. semiconductor 

:iuxilh1ry stor:ige 9 is tre:ued :i 640 KB .floppy disk. Fig. 6 shows a 

form:u of the ID inform:ition stored in the first 1 "KB are:i of semicon­

ductor auxiliary stor:ige 9. The ID inform:uion includes four bytes. 

ame b.yte for e:ich cylinder number (C). surface number (H). the num­

ber of sectors (R) :znd ·rhe length of sector (N) for e3ch·· tnclc. The 
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c:ylinder number (C) is usu:i.fly writt:n in :n ID :ire:i in one sect1'r of 

one tr:ick of :i floppy disk. :ind the surface number (H) is :ilso written 

in the fD :ire:i of che floppy disk. The surface number "00" indic:ites 

l front surface and ··o I" indic:ues a re:ir surf:i.ce. The number of 

sectors (R) indic:ues the. number of sectors in a tr:J.clc. [n the present 

embodiment, the number of sectors is eight for e:ich tr:ick. The sec· 

ror length (N) indic:ites the sector length in :iccord:ince with :i sector 

lt:ngth code of T:iblc: 1. Bit 7 thereof indic:ites whether it is single 

density or double density. rn the present embodiment, each rr:ick is 

of single density :ind h:is 512 bytes. 

N I 0 I t ., I 3 I 4 

SECTOR LENGTH I 123 
f 

256 I 512 102..i 2048 

N 5 I 6 7 80RLONGER 

SECTOR LENGTH 4096 I 8192 16384 32768 

Table I 

(n Fig. 6, numbers m the leftmost column indic:m: the top address 

of the ID inform'1tion of the respective tr:icks. As m:my 4-byte ID 

rnrormation for the tr:icks is provided as chc number of tr:iclcs of a 

virtual floppy disk. :ind entire tr:ick ID. inform:uion 6 t having the 

s:ime data content :is that of lost rack ID infonm1tion 60 is stored· in 

the last fou~ bytes of the . top l KB of memory. The top address 

(hex:idecim:ll 27C in the present invention) of l:ist tr:iclc ID inform:i­

tion 60 c:in be: c:ilcul:ued based on entire· track ID information 61 by 

Ebe fallowing formula: 
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By letting C = 4F J.nd H = l in the above formula .. the result is: 

(4F :c 1 + I) :c 4 = 27C. 

The tr:insl:ition from a standard disk address to :in address on 

semiconductor J.uxiliary stor:ige 9 is now explained. A memory 

space of semiconductor auxiliary stor:ige 9 is allotted :is shown in Fig. 

i. The rp information shown in Fig .. 6 is stored in the top t KB of 

mc:mory lnd da~:i is stored in subsequently design:ited areas in the 

order of tr:ick r.umber. 

The translation of the disk address to the :iddress on semiconduc­

tor auxiliary storage 9 by BIOS 43 is c~uried out in the following 

manner after it h:is been checked that the ID inform:uion stored in 

the top 1 KB of semiconductor auxili:iry stot:ige 9 has been correctly 

formatted. First. based on parameters Ci and Hi rel:J.ting co the cylin­

der number :ind the surface number which are portions of the disk 

address delivered from the software interrupt INTI B11 , 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:ick into the above formula, we obtain "DOC". Then, b:ised on 

:i parameter Ri relating to the sector number. which is a portion of 

the disk :iddress dc:livered ·from the software interrupt INTI 8 11 , the 

cylinder number (C). the surface number (H), the number sectors (R) 

:ind the sector length (N) :ire obtained by accessing the top address 

of the ID information c:ilculated in accordance .with the above for· 

mul:I. :1nd an inpu1/output address of semiconductor :au.xili:lry stor:ige 
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9 corresponding to the disk Jddress is c:ilcul:ited rn lc:orcfance wi~h 

the following formul:i (I) or (2): 

400H + ( (C :< 2 ~ H) :< R + Ri - l} x 128 x 2N ( l) . 

400H + (C :t 2 + H) :t Rx 128 x 2N x 2 + (Ri • 1) x 128 x 2N (:?) 

Formul:i (I) is used in the c:ise of double density while formula 

(2) is used in the c:ise of single density. The single density and the 

double density can be discrimin:iced by bit 7 of the sector length. lS 

previously described. 

fn formulas (I) and (2). 400H (where H represents J hexadecimal 

. number) indic:ites the cop 1 KB in which the ID inform:uion is stored. 

· ( C x. 2 + H) indic:ites the number of tr:icks arr:inged before the tr:ick 

m question on the :issumption that there are two surfaces. (C x. 2 + H). 

R indic:ues a sum of the numbers of sectors arranged before the 

cr:ick in question. :ind l 2S x 2N · indi.c:ues the sector length by bytes 

in :iccordlnce with Table 1. The difference between formul:i (I) Jnd 

formula (2) is bec:iuse the number of sectors (R} for single density is 

one half of the number of sectors (R) for double density. 

[n the present embodiment. semiconductor auxili:iry stor:ige 9 is 

employed as a floppy disk. It m:iy :ilso be employed as :i h:ird disk 

. in :iccord:ince with the same philosophy. In this c:ise. the ID infor­

mation fbr :i hard disk is written into semiconductor :iuxili:iry stor­

age 9. When an access request to the h:ird disk is issued for BIOS 43. 

BIOS 43 :icc::sses semiconductor :iuxili:iry storage 9 to deliver the 

fi:tched d:u:1 to DOS 4.2 or application softw:ire 41 as the d:u:i from 

the hard disk. 

Semiconductor :iuxili:iry stor:ige 9 is remov:ible through connector 

25 :is expf:iined in connection with Fig. 2. As a result. :i semiconduc-
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car auxiliary stor:ige of :in :ippropri:lte capacity m:iy be selectively . 

lo:ided depending on the :ipplic:ition. Usually, the h:ird disk h:is :i 

l:irger c:ip:icity than the floppy disk. Thus. semiconductor Juxili:iry 

stor:ige 9 which has a relatively large capacity is employed :is :i hard 

disk and semiconductor :iu:dliary storage 9 which has a rel:itively 

small c:ipacity is employed as a floppy disk. rn processing the soft­

ware interrupt INTI B11 of che Bros 43. whether che semiconductor 

:iuxiliary stor:ige - is to be tre:iced :is a hard disk or a floppy disk is 

determined by the c:ip:icity of semiconductor au:dli:iry stor:ige 9. 

Fig. 8 is a flow ch:irt of a process for the software interrupi. 

INT1B 11 of BIOS 43. When applic:ition software 41 requests a file in-

put/output request to DOS 42, DOS 42 issues the sofcware interrupt 

INTI BH co BIOS 43. Bros 43 determines to which device che request 

was issued from in order co determine whether or not it is to semi-

conductor au:tili:iry stor:ige 9 (step 201 ). If it is not to semiconductor 

Ju:tiliary scor:ige 9, chen :i norm:il INTI 8 11 process is c:irried out (seep 

205) as is known in the :irt. rt" ic is to semiconductor auxili:iry scor­

:ige 9, the capacity thereof is examined to determine if it is less than 

l MB or not (step 202). rf it is less than I MB, an input/output pro· 

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 

treatment designated in. dotted line box 110 of Fig. 5. In step 202, if 

the capacity is more than ~CB, an input/output process is carried 

out to cre:it semiconductor auxiliary storage 9 · as the hard disk (step 

204). 

Fig. 9 is a flow ch:J.rt for determining the capacity by memory type 

af semiconductor auxiliary storage 9 which is required. in _the _!!CP 
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202 in Fig. 8. As a preprocess to determine the memory type. the 

flags for indic:iting the memory type. i.e .• the RQ~[ flag :ind the RA~[ 

flag are cleared to zero (step JO l and 302). Then. a determination or 

examination is made as to whether or not the RAlv( content has bc:en 

loaded into semiconductor auxiliary storage 9 (step 303). If the RA~f 

has been loaded. the RAM capacity is determined by the er:iseiwrite 

capacity register (seep 304 ). as per the description in connection with 

Fig. 3 B, and the RA~[ load flag is also set (step 305). The RAlvf ca­

pacity ·Can be calculated by multiplying the content of the 

er:iseiwrite c:ipacicy register by 64 ·KB. Then. the memory type reg­

ister is again examined co determine whether the ROM content has 

been loaded into semiconductor auxiliary storage 9 (step 306). If the 

RO~[ has been loaded, the capacity of the· RO~I is determined by the 

non erase/write capacity register (step 307), as per the description 

in conne~tion with Fig. 3C. and a ROlvf load flag is also set (step 308). 

In chis manner. the c:ipacity for e:ich memory type of semiconductor 

auxiliary stor:ige 9 c:in be determined. 

When memory circuit 21 of semieonductor auxiliary stor:ige 9 is 

set up to be :i ROM only memory, it is not possible to store additional 

data prep:ired in information processing system 1. If storage 9 is set 

up to be a RAM only memory. the stored d:u:i is destroyed when a 

back-up power system. such as a battery. becomes exhausted. Thus. 

the programs and data which arc necessary as a minimum :ire stored 

in the ROM. :ind the programs and data modified during progr:im ex­

c:cution :ire copied into the RAM during system initialization. When 

·semiconductor auxiliary storage 9 is thereafter employed, the copy 

area is accessed by translating a logic.al address . iq a target physical 
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origilo:1l!y 11.":·iuen ;nto stor:1ae 9 and mo.dified :ire 11ot ~rJSed and :my 

newly gener:ited d:u:i may be :iddition:illy stored. This method of 

oper:uion is now explained in detail. 

·Figs. 10 illust~tes ·the relationship :imong the d:rn1 fonnac. the 

mem_ory type :ind the logical :iddress of semiconductor :iuxili:iry 

scor:ige 9. Fig. IOA is a d:u:i form:it of :in OS :ind is specific:illy rep­

resentative of Microsoft MS-DOS. Figs. 108 :ind lOC show memory 

types associated with approprfate address loc:itions. 

The data form:it of Fig. IOA comprises spare are:i 51, block control 

:ire:i 52·. entry control :ire:i 53 and er:ise/write d:u:1 are:i 54 which sr.cuJ.d 

be in the er:ise/write memory or RAM bec:i.use its contents m:iy be 

modified. ·.On the other h:ind, d:it:i are:i 55, which need only be re:id, 

may be in the ROM. 

In Fig. 1 OB, initial progr:ims :ind initial d:u:1 of spare are:i 51, 

block control :ire:i 52, entry control :ire:i 53 and er:ise/write d:u:i 

:ire:i 54 h:ive been previously stored in first ROM :ire:i 56, and the: 

d::u:i of re:id-only d:u:i :ire:i SS h:is been previously stored in second 

ROM are:i 57. (D inforin:ition has been stored in the top 1 KB of first 

ROM are:i 56. The d:it:i corresponding to the RA~( c:ip:icity is tr:ans­

ferred frbm the ROM are:i to RAM are:i SS so th:it the semiconductor 

auxiliary storage is initialized. A bound:iry of first ROM :ire:i 56 :ind 

second ROM are:i 57 is determined by the c:ip:icity ·of RAM aie:i 58. 

The portion of the ROM :ire:i which has the same cap:icity as RA~( 

:ire:i 58, which is 128 KB, is allotted from .the top of the ROM are:a 

Slarting with first ROM are:a 56 and the remaining portion· is second 

ROM :ire:i 57. 
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The copying is c:irried out by executing :i copy progr:im stored in 

BIOS ROM 3 via CPU l. The copy mech:mism comprises the copy pro­

gr:im. CPU I and m:iin storage 2. Fig. 11 shows a flow chart of che 

copy process. First. Ehe capacity of RA~[ :ire:i 58 is determined (step 

~O 1 ). The method for determining this capacity has been previously 

described in connection with Fig. 9. When there is no RAM arel 58, 

i.e., when the cap:icity of RA~{ :ire:l. 58 is zero, no tr:insfer process is 

c:irried out and the process is terminated. \Vhen the capacity of RA~[ 

are:i 58 is determinc:d, an end position of first ROM area 56 is c:l.lcu­

l:ued based on the capacity (step 402). Then, the data of first ROM 

:ire:l. 56 is copied to RA}vf are:i 58 (step 403). Thus. the copy process 

is completed :ind semiconductor auxiliary storage 9 is initialized. 

Fig. 1 QC shows the _memory type as well :is the logic:il address and 

chc:: physical address. The term logic:il address as used therein 

means an address which indicates a virtual logic:il sp:,::e for the in­

formation processing system for semiconductor auxiliary stor:ige 9 

after initialization via the copying process described above. The 

physical address me:ins :in address which indicates a physical space. 

Physically. a 4 MB RO~t (first and second ROi'it areas 56 and 57) fol­

lowed by the 128 KB RAM 58 is arranged,. but BIOS 43 is treated as if 

the 4 i\l(B-128 KB second ROtvf area 57 exists following the 128 KB 

RA~I 11rea 58, as shown in the logical address column of Fig. lOC. 

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

to a physical address when . BIOS 43 accesses the initialized semicon­

ductor auxiliary storage 9 in response to a software interrupt INTI 8 11 

to read :ind write data. First, the disk address is translated to a logi­

cal addre_ss of s.cmi~ondu.~ .. tor. auxiliary storage 9 (step 404). The 
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method for tr:insl:iting the disk address to the fogicll :iddress ~:is ~.!· 

~e:idy been e:<pl:iined in connection with Fig. 5 and it is ·omitted here. 

The tr:ins l:ited :iddress corresponds to the logic:1l :iddrcss · shown on 

the right h:ind of the memory space of Fig. IOC. Then, whether or 

nae the tr:msl:itc:d logic:il :iddress is smaller than the RA.M c:ip:icicy 

(indic:ited in bytes) is determined (step 405). In the present embod­

iment ex:imple, since the RA~[ c:ip:icity. is 128 KB, whether or not the 

logic:il address is sm:iller th:in 128 KB is determined. rn step 405. if 

che logical addres~ ·is smaller than· the RAM c:ip:icicy, a sum of th-­

logic:il :iddress and the ROM c:ip:icity (tot:J.l c:ip:icicy of the first :J.nd 

second ROM are:is) is employed :is :i re:il address or the physic:il :id­

dress of semiconductor auxili:lry sco~ge 9 (step 406). Since the ROM 

c:ip:icicy is 4. MB in the present · embodiment. 4 ~tB is added. 

Accordingly, the logical :iddress :ictu:illy designates :i point in RA~! 

are:i 58." On the ocher h:ind. in seep 405, if the logic:il :iddress ex­

ceeds the RA~{ c:ip:icicy. the logical address is ~mployed :is the 

physic:il :iddress in its present form (step 407). This · address desig­

nates :i point in second ROM :ire:i 57. · 

In accordance with this method, the semiconductor auxiliary scor­

:ige . provides· for the modific:ition of basic programs :ind data while 

they :ire: nonvolntility rer:iined in memory. In the present embodi­

ment, the logic:il address of RA~f area 58 is smaller· th:in the logical 

:iddress of second ROM :ire:i 57. although the logical address of RAM 

:ire:i 58 m:iy be :irbitr:irily selected. In this c:ise, the .tr:insl:ition :il· 

gorichm from the logical address to the physic:il address needs to be 

:ippropri:uely modified. 
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A uencion is now directed co a form:ic tr:iclc process which is 

equiv:ilenc to the form:it tr:ick process for the floppy disk :ind the 

h:ird disk. For semiconductor :i.uxili:lry stor:ige 9 · h:iving memory cir­

cuit 21, which is configured :is RA~f only memory, :ind in which no 

information has been written. :i form:it tr:ick process musr be c~rried 

out. Fig. 13 is a flow ch:irt of the form:it .tr:iclc process for one tr::ick. 

The format track process, however, is sequentially :iccomplished 

from the crack 0 co the l:ist tr&ick. In the c:ise of track 0, when B COS 

43 .receives a request for the form:it tr:lck. process from DOS 42, BIOS 

43 determines the device associ:ited with the request :ind deter­

mines whether the request is to semiconductor auxilfary stor:ige 9 or 

to othc:r I/O devices, for ex:imple, exp:insion floppy disk 10 or ex­

pansion h:ird disk 11 (step 501). If the request is not to semiconduc­

tor :iuxili:iry storage 9, a norm:J.l INTI BH form:it track process is c:ir-

ri~d out (step 505). [f it is to semiconductor iluxiliilry storage 9, the 

address on semiconductor :iuxili:iry stor:ige 9 is c:ilcufated b:ised on 

che disk ilddress for tr:ick 0 and an area corresponding to :i one-track 

capacity below the calcul:ited address is filled out by· :i predeter­

mined Cfata pilttern. As :in example, the memory space in Fig. 7 is 

immediately· :ifter the ID information area. i.e., address 400. The 

d:ita pat~m, '"E5" is usu:illy employed for :ill words. Thus. the are:i 

is filled out by data containing no information. Then. the ID infor· 

m:ition · of the tr:ick corresponding to the disk address (disk :iddress 

indic:iting tr:ick 0) is written into the ID information :ire:i (step 503). 

As an ex:imple, the ID inform:ition :ire:i of Fig. 6 is written into the 

four-byte :ire:i (:iddresses 000 to 003). Then., the same data 3S the 

ID information on track 0 immediately written before is written into 
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che l:ist four~byte :ire:i of the ID inform:ition :ire:i :is the entire tr:ick 

£0 inform:uion (step 504). With reference to the £D inform:uion :ire:i 

of Fig. 6 :is :in ex:imple, the £0 information of the tr:ick 0 is writeen 

into the :ire:i stoining at the :iddress JFC. Thus, the format tr:ick pro­

cess of the tr:ick 0 is completed and the form:it track process of tr:ick 

l is then c:irried out.. The da.t:i are:i following the d:ita :ire:i of tr:ick 

0 is filled with "ES". the [D inform:ition of the first tr:ick is written 

inco the four-byte :ire:i following the ID inform::uion of tr:ick 0 :ind 

che entire tr:ick ID inform:ition of the are:i starting at address 3FC · 

rewritten as the £D inform:ition of the first tr:ick. The same process 

is repe:ited until the final tr:ick is re3ched and the form:it tr:ick pro­

cess for the semiconductor auxiliary storage is then complete. In this 

manner, the DOS :ind the ::ipplic:ition program may be handled by 

semiconductor :iuxili::iry stor:ige 9 in the s:ime m:inner o.s they :ire 

handled· by a hard disk memory or a floppy disk memory. 

Since the format tr:ick process is carried out in the m:inner de­

scribed above, whether or not the form:1.tung is norrn:1.lly done is 

determined by checking whether the entire tr:ick ID information cc­

incides with the last tr:ick ID information. If the forrn:it process is 

interrupted :ind not carried out, normally the entire track ID infor­

m:ition docs not coincide with the l:ist track ID inforrn:ition. 

While the invention has been described in conjunction with spe· 

cific embodiments, it is evident to those skilled in the· art that m:iny 

further :ihern:uives. modific:uions . :ind varfations will be apparent in 

light of che forgoing description .. For ex:imple, Microsoft DOS is em­

ployed in the embodiment disclosed alchough the implementation of 

the present invention need not_!e_J_i_~ltf!d to a DOS type··system. 



Hffl'LACF.MF.NT SHEET 

.2b JAH-;;i 

24 

Further. the present invention is noc limited to the BIOS for the pur­

poses of software interrupt INTI BH but. for example, a disk in-

puc/oucput routine which inputs :md outputs co and from semicon­

ductor auxiliary storage 9 may be. employed. Thus. the invention de­

scribed herein is intended co embr:ice at such alternatives, modific:i­

tions, applications :ind variations :is fall within the spirit and scope of 

the appended claims. 
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l CLAIMS 

1 . An information processing system compriaing: 

a central processing unit n A) for executing a program: 
a main storage 12) 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 (9) removably mounted ta a system bus of 

said information processing system through connectar means (25), adapted ta transfer memory 

content to and from said main storage, and comprising RAM means (21), ROM means (21) and 
control register means (24); 

a memory (31 for staring a basic input/ouiput program to contra• hardware of said 
auxiliary storage means; 

wherein said basic input/output program is designed to access said auxiliary storage 

means when an access request ta an auxiliary storage means conswed 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) Stares an identification code UO) indicative of 
the memory type of said semiconductor auxiliary storage means anc;t its capacity. 

2. The system according to claim 1, wherein said semiconductor auxiliary storage 

means (9) stares a program including an accesa request ta magnetic sterage memory means. 

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

means (21) of said semiconductor auxiliary storage means (9). 

4. The system according ta claim 1, 2 or 3, further comprising means for transtating 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 comem of said 
ROM means (21) has been copied to said RAM means (21) of said semiconductor auxiliary 
storage means (9). 

5. The system according ta any of claims 1 to 4, wherein access to said semiconduc­
tor auxiliary sterage means (9) is accomplished by means to translate an address for magnetic 

storage memory means to an address far said samiconduetar auxiliary steraga means. 

6. The system according ta claim 5, wherein said semiconductor auxiUary storage 
means C9l stores track ID information designated for magnetic storage memory means. said 
translation means employing said track 10 information to make said address translation. 
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7. The system according to any of the preceding cfaims, 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 an 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 cfaims, wherein said semiconductor 
auxiliary storage means 19) is remavably mounted within said information processing system. 

9. A semiconductcr auxiliary storage means for use as a substitute for auxiliary 

magnetic starage 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 memory means and translate an address for said auxiliary magnetic storage memory 

means into an address for said semiconductor auxiliary sterage means 19), said semiconductor 
auxiliary storage means comprising RAM means (21), ROM means (211 and central register 

means (24), wherein said control register means (24) stores an identification code (IOJ indica- · 

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

1 O. 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 

fer use with conventional magnetic storage memory means comprising the steps of: 
storing in said semiconductor auxiliary storage means (91 10 information correspon­

djng for said conventional magnetic storage memory means, 
captUring an access request for said convemianal magnetic storage memory means, 
translating an address based on the access request far said conventional magnetic 

storage '!'emory means to an address based on access to said semiconductor auxiliary storage 
means employing said 10 information. and 

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

. . 
Background• bf the Invention 

This invention relacc:s generJlly co an information processing sys­

tem of l relatively small siz: such lS a personal computer. :ind more 

particularly co an information processing system having l compact 

:ind high speed :iu:tiliary stor:ige for storing datl :ind programs. 

A conventional information processing system 1s generllly config­

ured as shown in Fig. 14. Such a system comprises :i centr:ll process­

ing unit (CPU) 1 which is :i heart of the system. CPU 1 is connected 

through syscc:m bus 26 to main storage 2 in which programs :ind 

data transferred from the :iuxiliary storage and intermedilce results 

of pro"rams being e:tecuted are stored, read-only memory (RO~[) 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 dcvice9 :i hard disk 6 and a floppy disk 7 which function 

as :in auxiliary storage to store progr:ims and d:it:i. 

When power is turned on to the system., the system is reset and 

initialized and CPU I executes an initial load. progr:im (ILP) scored in 
. -

BIOS ROM 3 to transfer the programs from hard disk 6 or the tloppy 

disk 7 to main stor:ige 2. There~fter, CPU 1 executes the progr:ims 

tr:insferred to m:iin stor:ige 2 to accomplish the objectives of the 

prog.rams. 

The magnetic storage such as h:i.rd di:sk 6 or floppy disk 7 which 

are employed as th~ auxiliary stor:ige has a limit in· its possible size: 

reduction. weight reduction and power consumption reduction. As :i 
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result. che presence of the m:ignetic stor:ige imp:irts :i l:irge rescric. 

tion to the re:iliz:uion of l comp:ict inform:uion system fe:icuring ac­

cu:il partlbilicy. 

S inc: the prior art floppy disk drive or che h:ird disk drive in­

cludes :i mech:inic:il roc:iry portion and :i mech:inical operation for 

moving a re:id/write head relative to a m:ignetic medium. :iccess 

time c:in be necessarily long and the oper:uion of the drive slow. 

Further, the mech:inic:il operacion involved during the :iccess opera­

tion is noisy. 

Beside the forgoing disadvantages, it is known ch:it the magnetic 

scor:ige is relatively we:ik wirh respect to :i strong magneuc field and 

a high cemper:iture :ind humidity environment. 

In order co avoid the problems encountered in the magnetic scor­

:ige. :ittempcs h:ive been m:ide to use a semiconductor stor:ige by 

followin_g two different :ipproaches. In the fir~t approach, :in appli­

cation program, i.e., a data processing progr:im which allows a user to 

visually inter:ict with the progr:im and confirm a result, switches 

banks of the semiconductor auxiliary storage and - access is accom­

plished to the semicond·uctor auxili:iry storage which is deemed :is a 

part of :the m:iin storage of the system. In the second approach, the 

access is m:ide through :i device drive progr:im, i.e., a device driver, 

:is :i specific au:dli:iry storage and functions as a part of the oper:iting 

system (OS). 

However, in the first :ippro:ich, an · :ipplication progr:im is designed 

to have a high dependency to p:irticufar type and kind of memory 

employed. An existing :ipptication program is usu:illy cre:ued and 

p.cep:ired on the assumption th:it a hard disk or a ·floppy disk is em· 
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ployed as J:n J:uxili:iry stor:ige. Thus·. it' is neccss41ry to modify the 

application program so that it may be employed with the semicon­

ductor auxiliary stor:i.ge. 

In the. second approach. after the de•tice driver is actuated, the 

semiconductor stor:ige device is set . in its :icti v:ited condition. A 

BOOT progr:im is stored in :i semiconductor device :ind the m:iin body 

of software cannot be set up on :in active condition. Then. it is not 

possible to score the OS itself in the semiconductor :iuxili:iry storage, 

:ind it is not possible to incorpor:ice :i medium copy progr:im. i.e., 

copied into such :i storage, or from :i floppy disk to floppy disk :ind, 

further. is dependent on :i B COS which h:is :i high dependency on the 

OS. 

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 power to the memory ch~ps and a bus 

converter for signal conversion between the bus of the 

personal c.omputer and the bus connecting the memory chips in 

.such a way that the extension board can be used 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 :i compac~ light 

weight. highly reliable and high speed information processing system 

while: permitting the utili~tion of the existing sot"tw:ire :ipplic:itions 

ilnd progr:ims created and written as targeted for use with p:irticul:ir 

conventional memory me:ins. such as a floppy disk memory or :i 

hard disk memory. 
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Summary of the Invention 

These objects are achieved with an information 

processinq system, a semiconductor auxiliary storaqe means 

and a method as claimed in claims l, 9 and lO, respectively. 

According to this invention. :i inform:ition ·processing system of 

the present invention employes :i semiconductor auxilfary stor:ige :is 

an :luxili:iry storage. A basic input/output progr:im stored in the 

main body of the system :icc:sses the semiconductor auxiliary stor­

age when it receives :in :iddress request for a magnetic auxilfary 

stor:ige or memory me~ns. which request origin:ites from the execu-
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Tne :icc::ssing is :iccomplished by tr:inslating 

;in :iddress for the magnetic scor:ige into :in address for the semicon­

ductor :iuxili;iry storage. The address tr:insl:ition is accomplished by 

utilizing ro infarmacion for the m:ignetic stor:ige •.vhich h:is pre•,tt­

ousl y been written in co the semiconductor au:tili:iry storage. The 

b:isic input/output program converts the :icc::ss request for the m:ig­

neuc storage from :in :ippiic:uion software or a disk operating system 

{DOS) ta ln access request for the: semiconductor :iu:tili:iry stor:ige 

and e:cecutes the request. An address for the semiconductor au:dl­

iary stor:ige is obtained by re:iding out the corresponding ID infor­

m:ition based on the address far the m:ignetic stor:ige :ind putting 

the ID inform:icion :ind the :iddress for the magnetic stor:ige into a 

predetermined m:ithematic:il formula. 

It is preferred th:it the semiconductor auxiliary _storage contains 

both :i re:id-only storage :ind :i er:ise/write stor:ige c:ip:icity and that 

the inform:ition processing system include means for copying a por­

tion of the content of ch·e re:id-~nly storage of the semiconductor 

:iu.:dliary storage into· the er:ise/write storage. When :in access is 

m:ide to the semiconductor auxiliary stor:ige h:iving the portion of 

the: content of the read-only storage copied into the er:ise/write stor­

:ige, it ·is preferred that the information processing system includes 

me:ins for tr:insl:uing physical address of :i source are:i to a physic:il 

3ddress · of a targ.et :ire:i. \Vhen the portion of the content of the 

read-only storage of the semiconductor :iuxili:iry storage has been 

copied into the erase/write storage .:ind an access request is issued· to 

the source area. the access is m:ide by employing :i sum of the ad­

dress :ind :i v:ilue determined by the c:ip:icity of the copied into :ire:i 
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lS l physical address. In chis manner. the :icc:ss is made co the c:ir­

g~t lrel. Further, when an lcc:ss is m:ide to the semiconductor 

:iu:dlilry storage. me:ins may be provided for determining whether 

:he semiconductor auxili:iry stor:ige is co be handled as :i t1oppy disk 

type m:ignecic stor:ige or :i h:ird disk type magnetic stor:ige based on 

l decerrnin:ition of che c:ip:icity of che semiconductor :iuxili:iry stor-

Jge. 

ft is prefer:ible that che semiconductor 4?:uxili:iry storage be con­

scrucced for e:isy removable mounting in the information processing 

system. 

Other objects :ind :itt:iinments together with :i fuller understand­

ing of che invention will become apparent :ind :ippreci:ited by refer­

ring to che following description :ind cl:iirns taken in conjunction with 

che :iccomp:inying drawings. 

Brief Description of the Dr:iwings 

Fig. l is a block di:igr:irn of one embodiment of an inform:ition 

processing system comprising the present invention. 

Fig. 2 is a block dfagr:im of an internal configur:ition of :i semicon­

ductor auxiliary stor:ige employed relative to this invention. 

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

a control register. 

Fig. 4 is a hier:irchy block diagram of the system configuration for 

the embodiment shown in Fig. 1. 

Fig. 5 is a tlow chart of re:id :ind write processes of the BIOS to a 

software interrupt INTI H11 from the DOS. 

Fig. 6 is a store status of ID information. 

Fig. 7 is :i memory space of the semiconductor auxiliary storage. 
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Fig. g lS l flow ch:irt of re:id and write processes of the Bros ca the 

iOftware .interrupt INT1 BH from the DOS for selecting :i processing 

proc~dure . based on the Clp:icity of the semiconductor auxiliary star-

Fig. 9 is :i tlow ch:irt of l process for determining :i c:ipacity for 

e:ich memory type of semiconductor auxiliary storage. 

Fig. l 0 is a relationship among :i dat:i format. a memory type :ind 

a logic:il :iddress in the memory space of semiconductor auxili:iry 

Storage. 

Fig. L 1 is a flow ch:irt of :i copy process. 

Fig. l 2 is :i flow chart or a transl:icion process from :i logic:i! ad­

dr.ess to· a physical address. 

Fig. 13 is :i tlow chart of :i form:u track. proc::ss. 

Fig. 14 is :i block dfo.gr:trn of a prior art inforrn:uion processmg 

system. 

Description of the Preferred Embodiments 

Referring now to Fig. 1 there is shown information processing 

system l of· this invention comprising CPU 1 A, m:iin stor:ige 2, BIOS 

ROtvt 3, keyboard 4, di~play 5, semiconductor storage 9, expansion 

floppy disk 10 and expansion hard disk 11 :ill connected to system 

bus 26. Main storage 2 and Bros ROM 3 are sometimes referred to 

collectively :is the m:iin stor:ige of system 1 but they :ire sep:ir:itely 

referred herc::in. 

CPU l, main stor~ge 2, keyboard 4, and display S :ire identical to 

chose employed in the conventiomll inform:ition processing system 

shown in Fig. 14. A physi~:il structure of BIOS ROM 3 is also identical 

to :i convention:il B [QS but the content of :i progrilrn stored therein is 
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differenc in p:irt because of che nc:cessity to drive :ind control semi· 

conductor lu:dlilry storage 9 inste:d of h:ird disk· 6 :ind tloppy disk 

7 in chc: conventional system. E.'tp:msion floppy disk lO and <:!xpan­

sion hard disk 11 m:iy be added lS required in order co support che 

oper:ition of semiconductor :iuxili:iry storage 9. For example, these 

e:tp:insion disks may be :idded when semiconductor auxiliary stor:ige 

9 is not sufficient alone for the memory c:ip:icicy necessary for au:dl· 

i:iry scor:ige. On the ocher h:ind. these expansion disks :ire not al-

ways necessary. 

Fig. 2 is l black di:igr:im of :in internal configuration of sem1can­

ductor :iu:dliary storage 9. Semkcnductor auxiliary storage 9 com­

pnses memory circuit 21 including a semiconductor integr:ited cir­

cuit, d:ita re2ister 22, address re2ister 23 and control re2ister 24. - - .. 
:\t{emory circuit 21 contains two types of memories: :i read-only 

memory (RO~{) and :in erase/write memory (RA~{). Semiconductor 

auxiliary storage 9 is physic:illy supported on a structure generally 

referred to as :in re c:ird. It h:is . :i card-like plate structure, :ind 

when it is plugged into connector 2S to system bus 26, electrical con­

nection is made to system bus 26. In Fig .. 29 only one semiconductor 

auxiliary storage 9 is illuscr:ited for purposes of simplification but a 

plurality· of such storage structures arc usually provided so that :i 

large amount of data may be scored among semiconductor auxiliary 

scor:iges or separ:ite semiconductor auxiliary storages are employed 

for scoring software programs as well as for storing d:iu. 

The function:il oper:ition of storage 9 is genc:r3lly :is follows. 

Address register 2J design:ues an address in memory circ_uit 21. A 

start address for :iccess by CPU t- to memory circuit 21 is set by CPU 
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l inco address regiscer 23 through system bus (T/0 bus) 26. After 

the: sc:irt address h:is bee:l sec in address register 23. d:u:i is written 

inco d:itJ. regi·scer 22 :ind che data is automatically written inco that 

address in memory circuit 21. When the d~t=i is written into data 

register 22. address register 23 is :iutom:itic:illy incremented so chat 

data can be written into the next ;iddress. Simibrly, when the srart 

address is set in :iddrcss register 23 :ind d:it:i is re:id from data 

register 22. the data is :iucom:uic:illy re:id from chat address of 

memory circuit 2 L When the d:it:i is re:id. address register 23 i-s 

automatically incremented :ind d:it:i c:in be re:id out from the next 

address. 

Control register 24 scores an identification code or device infor­

m:icion fodic:itive of the memory type of semiconductor auxiliary 

storage 9. Fig. 3 shows :i store status in control register 24 of the 

memory. c:ip:icity by memory type which is a portion of the device 

information of semiconductor auxiliary storage 9. Fig. 3A snows a 

type regist~r which indic:ites 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 RANf. Similarly, bit -1 (MK!) indi­

c:ues a 111:isk ROl'II. bit 2 (~lK2) indic:ues :i P-ROM. and bit 3 (NlK3) 

indic:m:s ~n EEPRO~t 

Fig. 38 shows :i capacity register which indicates the erase/write 

memory capacity of memory circuit 2 I. When the bit 0 (WCO) of the 

regi~tcr is "I", this indicates th:it the er:ise/write c:ip:icity is 64 kilo·· 

bytes (KB). Simil:iriy, bit 1 (WCI) indic:ues 128 KB. bit 2 (WC2) indi­

cites 256 KB, bit 3 (WC3) indicates S12 KB. bit 4 (\VC4) indicates l 
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~IB. bit 5 (WC5) indic:m:s 2 ~fB. bit 6 (WCc) indic:ucs 4 MB, :ind bit 7 

(WC7) indicates 8 MB. 

Fig. 3C shows a capacity register which indic:ues the read-only 

memory (RO~{) c:ipacity of memory circuit 21. When bit O (VCO) of 

the register is "I". this indic:ices th:it the RO ~t c:ipacity is 64 KB. 

Similarly, bit 1 (UC!) indicates 123 KB. bit 2 (UC2) indicates 256 KB. 

bit 3 (UC3) indicates 5 l2 KB. bit 4 (UC9'.) indicates I MB, bit 5 (UC5) 

indicates 2 MB, bit 6 (UC6) indic:ites 4 ~CB, and bit i (UC7) indic:ites 8 

MB. The concc:ncs of those registers :ire detected by reading out :i 

specific f/O port address of the information processing system l and 

the memory type :ind the memory c:ip:icity of semiconductor :iuxil­

l:iry storage 9 which is currently loa~ed c:in be dete:-mined based on 

the contents of these registers. 

As previously indicated, semiconductor .iuxili:iry stor:ige 9 is re­

mov:ibly mounted onto system bus 26 through connector 2.S. Storage 

9, therefore, may be exchanged for use relative to e:ich program or 

data stored in storage 9 as in the c:ise of :i conventional floppy disk. 

Since storage· 9 is of a coird shape by utilizing semiconductor inte­

gr:ued circuits for memory stor:ige. it. is e:isy to transport :ind handle. 

Since a ~Ql\t[ is used entirely or p:irti:illy in memory circuit 21, one 

softwilrc· ·m:J.y be copied in volume :is compared to one-to-one copy 

in the c:ise of :i floppy disk. Accordingly. this appro:ic:h 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 c:anfigur:i­

.tian of the system l rel:itive to o_per:ition in a file access mode:. 
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Application software 4 l exists :u the top level of hier:irchy. Next is 

disk operating system (DOS) 42 which handles software interruptions 

due co file input/output requests from :ipplic:uion software .+ l. 

Below DOS 42 is a basic input/output systc:m (B fOS) 43 which is 

firmware ch:it concrols the lower level input/output· operations rel:i­

cive co operation of h:irdw:ire 44. The general configur:icion of 

hardware 4.+ is shown in Fig. l. CPU l m:iy. for example, be an Intel 

16 bit microprocessor 8086. DOS 42 m:iy be Micro.soft ~S-DOS. BIOS 

43 may be one of the input/output systems of the disk requested by 

the software interrupt INTI Bu from DOS 42. BIOS 43 is stored m 

BIOS ROM 3 together with :in IPL :ind it operates under the control of 

CPU I. D~S 42 and applic:ition software 41 are generally scored in 

semiconductor auxiliary storage 9 and they are transferred to m:iin 

stor:ige 2 :ind executed by CPU 1. DOS 42 may be stored in B COS ROM 
.. 
' ... 

When the i"nformation processing system shown in Fig. 1 is 

st:irted, CPU 1 executes the -IPL stored in BIOS RO~t 3 :ind transfers · 

DOS 42 stored in semiconductor auxiliary stor:ige 9 to . main stor:ige 2. 

Then, CPU 1 tr:insfers applic:ition software 41 stored in semiconduc­

tor :iuxili:iry storage 9 to m:iin stor:ige 2 and the application software 

is executed under the control of DOS 42. 

Application software 4 r and DOS 42 are prepared on· the assump­

tion th:it the magnetic stor:ige, such as the floppy disk or· the hard 

disk, is employed as auxiliary stor:ige. Accordingly, BfOS 43 is re­

quested by DOS 42 or applic:uion software 41 to access the floppy 

disk or the hard disk. However. B COS 43 converts the access request 

fot the m~gnetic storage to an :iccess request for semiconductor 
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auxiliary stor:ige 9 in the following manner. Accordingly, DOS 42 lnd 

application software 4 l see che auxiliary storage as the m:ignecic 

scor:ige but, in face. is semiconductor auxiliary stor:ige 9. In ocher 

words, in che present system. semiconductor auxiliary scor:ige 9 is 

cre:iced as if it is the magnetic storage or memory means. As a re­

sult, information processing system l c:in make use of existing appli:.. 

cation software without any need or requirement of changing the 

content thereof including any nec::ss:iry :id:ipt:ition co interface with 

semiconductor auxiliary storage 9. 

Fig. 5 is :i flaw ch:irt of the: re:id and write processes of BIOS 43 

far the software interrupt INTI Bu from DOS 42. . When application 

software 41 issues a file inpuc/oucpuc request to DOS 42, DOS 42 de· 

termines a drive :issoci:ued with that fil~ and issues the software 

interrupt, INTI B11 , to BIOS 43. DOS 42 requests BIOS 43 far access to 

either the floppy disk: or the hard disk. BIOS 43 determines the 

drive assocfated with the request (step l 01), i.e., it determines :i 

drive numb~r :ind determines if the .request is to semiconductor 

:iu:tiliary stor:ige 9, which is treated as if it were the floppy disk or 

the har·d disk, or to expansion floppy disk 10 or to expansion hard 

disk 11. ~ If the request is :iccess to exp:insion floppy disk 10 or ex· 

pansion h:ird disk 11, the norm:il re:id/write process for the software 

interrupt INTl B11 is c:inied (step 106). If the request is access to 

semiconductor auxiliary storage 9, the content of the ID information 

stored in. semiconductor auxiliary stor:ige 9 is examined to detc:rmine 

if the correct {0 inform:uion h:is been form:itted (step 102). The ID 

information . is track: ID information which would norm:illy be written. 

rn a magnetic auxiliary stor:igc or memory me:ms. It is the informa· 
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ii on necessary for BIOS .J.3 ca tr:insl:ue the disk address to :in address 

in semicanduc:cr auxiliarv Storasze 9. ff the £0 information hlS nae . -
been formatted, the address tr:insl:icion c:innoc be c:irried out and :in 

error process is carried out (step 105). The ro infcrm:uion will be 

explained in detail later. If the ID information h:is been correctly 

formatted. the disk address (cylinder number, surf:ic: numbc::r :ind 

se~cor number) is tr:insl:iced into :in address in semiconductor auxil­

iary storage 9 based on the concent of the ID inform:uion stored in 

sc:miconduccor au:<iliary storage 9 (step 103) :ind an input/output 

process is c:irric=d out (step 104 ). The address tr:insl:ition in the step 

103 will be explained in derail late:-. 

By the provision of the discrimination function to determine 

whether Bros 43 requests the access to semiconductor :lU;tili:iry stor­

a2e 9 or not. :ind the :iddress tr:inslation function and the in-- -

put/output function for semicond-uctor :iuxili:iry storage 9 by the 

reference of the ID inform:ition, :ipplic:uion software 41 and DOS 42 

n~ed not be. concerned th:it semiconductor auxiliary storage 9 is em­

ployed as the auxiliary storage . rather than a convention:il m:ignetic. 

storage memory me:lns. It c:in be rre:ued as if the floppy disk. or the 

hard disk is employed :is the auxiliary stor:ige. 

Referring to Fig. 6, the tr;ick ID -information for the m:ignetic stor­

age is now· explained. -In this particular ex:imple, semiconductor 

auxiliary storage 9 is tre:ited :i 640 KB floppy disk. Fig. -6 shows :i 

format of the ID information stored in the first 1 KB are:i of semicon­

ductor :iuxiliary stor:ige 9. The ID inform:uion includes four bytes. 

GM; tiyte for e:ich cylinder number (C). surf:ic:e number (H), the num.;. 

ber of sectors (R) and ·rhe length of sector (N) for each-· tnclc. -The 
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cylinder number (C) is usually written m an ID :ire:i in one sector of 

om: trJck of l floppy disk:. Jnd the surface number (H) is also written 

in the ID :ire:i of the floppy disk:. The surface number "CO'" indic:ites 

l front surface :ind "O l '' indic:ues :i re:ir surf:ice. The number of 

sectors (R) indic:ices the number of sectors in a. tr::ic!c. In che present 

embodiment. the number of sectors is eight for each cr:ick. Tne sec­

cor length (N) indic:ues the sector length in accord:J.nce with :i sector 

lc:ngth code of TJbl~ 1. Bit 7 thereof indic:ices whether ic is single 

density or double density. fn the: present embodiment. each craclc is 

of single density :ind h:is 512 bytes. 

N I a I 1 
., 

I .. 
I 4 J 

SECTOR LENGTH I 12g I 256 512 102.; 2048 

N s 6 7 SOR LONGER 

SECTOR LENGTH 4096 I 8192 16384 32768 

Table 1 

In Fig. 6. numbers in the leftmost column indicate the top address 

· of the ID inform:uion of the respective tr:icks. As ~:iny 4-byce ID 

information for the tracks is provided as the number of tracks of :i 

virtu:il floppy disk. :ind entire tr:iclc ID information 61 h:iving the 

s:ime dat:i content :is that of lost r:ick ID information 60 is scored in 

the l:ist fou.r bytes of the top t KB of memory. The top address 

(hex:idecim:ii 27C in the: present invention) of last tr:ick ID informa­

tion 60 can be= calcul:ited based on entire track lD information 61 by 

the following formula: 
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Sy letting C = 4F :ind H = in the above formula .. the result is: 

( ..i.F x '.!· + I) :c 4 = 27C. 

The tr:inslacion from J. standard disk address to an address on 

semiconductor :iu~ili:iry storage 9 is now explained. A memory 

space of semiconductor auxiliary stor:ige 9 is allotted :is shown in Fig. 

7. The rp information shown in Fig. 6 is stored in the top I KB of 

mc:mory :ind dac:i is stored in subsequencly design:ited areas in the 

order of cr:ick number. 

The cr:.mslacion of the disk address to che :iddress on semiconduc­

tor auxiliary stor:ige 9 by 8 ros 43 is carried out in the following 

manner after it has been checked that the ID informoition stored in 

the top 1 KB of semiconductor au.:dliary· stor:ige 9 has been correctly 

formatted. First, based on p:ir:imece:-s Ci and Hi refacing to the cylin­

der number :ind the surface number which are porti<?nS of the disk 

address delivered from the software interrupt INTI 8 11 , t~e top ad· 

dress of the. ID information of the corresponding tr:ick is . calculated 

by the following formula: 

(Ci x 2 + Hi) :t 4. 

For ex:imple, by putting Ci = 1 and Hi ::: 1, which represent the 

third tr:iclc into the above formula. we obtain "DOC". Then. b:ised on 

:i p:ir:imeter Ri rel:iting . to the sector ·number. which is a portion of 

the disk :iddress dc:livered from the software interrupt INTlBu, the 

cylinder number (C), the surface number (H). the number sectors (R) 

and the: sector length (N) :ire obt:J.inc:d by . accessing the top address 

of the (0 inform:uion c:ilcul:ited in accordance with the above for­

mula ~nd an inpu1/ou1put address of semiconductor auxili:iry stor:ige 



16 

9 corresponding co the disk J.ddrcss is c:ilculatc:d tn :iccord:ince with 

the following formull ( l) or (2); 

4COH + { (C :t 2 ~ H) :t R ~ Ri - l} :t 123 :t 2N ( l) 

400H + (C :t 2 + H) :t Rx l23 x 2N :t 2 + (Ri - 1) :< 123 :t zN (:!) 

Formula ( l) is used in the c:ise of double density while formula 

(2) is used m the c:ise of single density. The single density and the 

double density c:in be discriminated by bit 7 of the sector length. lS 

previously described. 

[n formulas ( l) :ind (2 ). 400H (where H represencs :i he:t:idecim:il 
-

number) indic:ices the cap t KB in which the ID infarm:uion is stored. 

(C :t 2 + H) indic:ues the number of tr:icks arranged before the tr:ick 

m question an the :issumpcion that there are two surfaces, (C x 2 + H). 

R indicates :i sum of the numbers of sectors arranged before che 

cr:ick in question, :ind 128 x. 2N indic:ites the sector length by bytes 

in :iccordance with Table l. The difference between formul:i ( l) and 

formula (2) is bec:iuse the number of sectors (R) for single density is 

one h:ilf of the number of sectors (R) for double density. 

In the present embodiment. semiconductor auxiliary stor:ige 9 is 

employed as a floppy disk. It m:iy also be employed :is :i hard disk 

. in :iccord:incc with the s:ime philosophy. In this c::ise. the ID infor­

m:ition fbr a hard disk is written into semiconductor auxiliary stor-
. . 

:ige 9. When an access request to the hard disk is issued for BIOS 43. 

BIOS 43 accesses semiconductor :iuxilfary storage 9 to deliver the 

fc:cched data to DOS 42 or :ipplication software 41 as the d:u:i from 

the: h:ird disk. 

Semiconductor auxiliary stor:igc 9 is removable through connector 

25 &is explained in connection with Fig. 2. As a result, a semiconduc· 
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tor :iuxili:iry storage of :in appropriate c:ipactty may be selectively 

loaded depending on the lpplic:uion. Usually, the hard disk has :i 

l:irger c:ipacity than the tloppy disk. Thus. semiconductor auxililry 

storlge 9 ·which has :i relatively large capacity is employed .as a hard 

disk and semiconductor J.u:dliary storage 9 which has a relatively 

small c:ipacity is employed :is a floppy disk. In processing the soft­

ware interrupt INTI B 11 of the Bros 43. whether the semiconductor 

:iuxiliary storage is to be: treated :is a hard disk or a floppy disk is 

determined by the c:ipacicy of semiconductor auxiliary stor:ige 9. 

Fig. 8 is a flow chart of a process for the software interrupi. 

INTI B11 of BIOS ~3. When application software 4l requests a file in-

puc/oucput request to DOS 42, DOS 42 issues the software incerrupc 

INTI Bu co BIOS 43. BIOS 43 determines to which device the request. 

was issued from in order co determine whether or not it is co semi-

conductor au:tili:iry storage 9 (step 20 I). If it is not co semiconductor 

:iu:<.ili:iry storage 9, then a norm:il £NT18 11 process is c:irried out (step 

105) as is known in the :irt. If it is to semiconductor auxiliary scor· 

age 9, the capacity thereof is examined to determine if it is less th:m 

1 MB or not (step 202). If it is less than 1 MB, :in input/output pro­

cess to tre:it semiconductor auxili:iry stor:ige 9 as the floppy disk is 

c:irried out (step 203). The: step 203 in Fig. 8 corresponds to the: 

cre:itment designated in dotted line box 110 of Fig. 5. In step 202~ if 

the c:ipacity is more than ~CB, an input/output process is carried 

out to treat semiconductor auxiliary storage 9 as the hard disk (step 

204). 

Fig. 9 is :i flow ch:irt for determining the cap:icity by memory type 

of semiconductor auxiliary stor:ige · 9 which is required in the step 
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'0" . F" 3 A d . h _ - m tg. . s a preprocess to etermme t e memory cype. the 

flags for indicating the memory type, i.e., the ROM flag :ind the RA)ll 

flag lre cleared to z:ro (step 30 l :ind 302). Then. :i decerminlcion or 

ex:imin:icion is m:ide as to whether or not the RA?vl content h:is been 

loaded into semiconductor :iu:cili:iry stor:ige 9 (step 303.). If the RA.M 

h:is been loaded. the RAM capacity is determined by the er:iseiwrite 

c:ipacity register (seep 304), :is per the description in connection with 

Fig. 3 B. :ind the RA~[ load tl:ig is also set (step 305). Tne RA~[ c:i­

paci cy can be c:ilcul:iced by multiplying the content of the 

er:iseiwrite c:ipacicy register by 64 KB. Then. the memory type reg­

ister is :ig:iin examined co determine whether the ROM content has 

been loaded into semiconductor auxiliary storage 9 (step 306). [f the 

RO~[ hD.S been loaded, the c:ipacity of the RO~! is determined by the 

non erase/write capacity register (step 307), as per the description 

in conne~tion with Fig. 3C. :ind a RO~! lo:id tl:ig is also set (step jQ8). 

In this manner. the c:ip:icity for each memory type of semiconductor 

:iu:tiliary stor:ige 9 c:in be determined. 

When memory circuit 21 of semiconductor auxiliary storage 9 is 

set up to be :i ROM only memory, it is not possible to store additional 

dau prep:ired in information processing system 1. [f storage 9 is set 

up to be :i RA!VI only memory. the stored d:u:i is destroyed when :i 

back-up power system. such :is :i battery, becomes exhausted. Thus, 

the programs :ind d:it:i which :ire necessary as a minimum :ire stored 

in the ROM. :ind the progr:ims and d:ita modified during program ex­

ecution :ire copied into the RAM during system initi:iliz:ition. When 

semiconductor auxiliary storage 9 is thereafter employed, the copy 

area is accessed by tr:insl:iting a logical address to a target physical 
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address. In this way, the minimum required programs :ind data 

originally written into stor:ige 9 and modified are not er:iscd :ind· any 

newly generated d:it:i may be :iddition:illy stored. This method of 

oper:uion is now expl:iinc:d in dt:t:iil. 

Figs. 10 illustrates the refationship among the d:ic:i format.. the 

memory type :ind the logical address of semiconductor :iuxili:iry 

storage 9. Fig. IOA is a d~u:i format cf an OS :ind is specifically rep­

resentative of Microsoft MS-DOS. Figs. 108 and lOC show memory 

types associated with appropriate :iddress locations. 

The d:it:i format of Fig. 1 OA comprises spare :ire:i 51, block control · 

:.ire:i 52. entry control :ire:i 53 and er:ise/write data are:i. 54which sr.culd. 

be in the er:ise/write memory or RAM because its contents may be 

modified. · On the other hand, d:it:i are:i 55, which need only be re:id, 

may be in the· ROM. 

In Fig. 1 OB, initial programs :ind initi:il dat:i of spare :ire:i 51. 

block control :m::i 52, entry control :ire:i 53 and er:ise/write d:it:i 

:irt::i 54 have been previously stored in first ROM :ire:i 56. and the 

dat:i of re:id-only dat:i :ire:i 55 h:is been previously stored in second 

ROM are:i 57.. ID inforin:ition h:is been stored in the top 1 KB Qf first 

ROM :ire:i 56. The d:it:i corresponding to the RAhtl c:ip:icity is trans­

ferred frbm the ROM are:i to RAM are:i 58 so that the semiconductor 

. auxiliary storage is initialized. A bound:iry or first ROM :ire:i 56 :ind 

second ROM :ire:i 57 is determined by the capacity ·of RAM are:i 58. 

The portion o( the ROM area which has the same c:ip:icity as RAl-11 

:ire:i 58, which is 128 KB, is :illom:d from che top of the ROM :ire:i 

starting with first ROM are:i 56 and the rem:iining portion· is second 

ROM :ire:i 57. 
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The copying is c:irried out by executing :i copy progr:im stored in 

BIOS ROM 3 via CPU 1. The copy mech:inism comprises the copy pro­

gr:im. CPU 1 :ind main storage 2. Fig. 11 shows a flow chart of the 

copy process. First. the capacity of RA~{ :ire:i 58 is determined (step 

401). The method for determining this cap:icicy h:is been previously 

described in connection with Fig. 9. When there is no RAM are:i 58. 

i.e.. when the c:ip~city of RA~( :ire:i 58 is zero, no transfer process is 

carried out and the process is terminated. \Vhen the c:ip:icity of RA1v{ 

are:i 53 is determined, an end position of first ROM are:i 56 is c:ilcu­

lated bas~d on che capacity (step 402). Then, the dac:i of first ROM 

are:i 56 is copied to RA.\{ are:i 58 (step 403). Thus. the copy process 

ts completed and semiconductor auxiliary stor:ige 9 is initialized. 

Fig. lOC shows the memory type as well as the logical address :ind 

the; physic:J.l address. The term logic:J.l address as used therein 

me:ins an address which indicates a virtual . logi~:il sp:J:e for the in­

form:uion processing system for semiconductor aux.ili:iry storage 9 

after inici:ilization via the copying process described above. The 

physical :iddress me:ins an address which indicates a physical space. 

Physically, a 4 MB RO~( (first and second ROl'vl are:is 56 and 57) fol­

lowed by the 128 KB RAM 58 is arranged~. but BIOS 43 is ue:J.ted ~s if 

the 4 l'v~B-128 KB second RQtv[ area 57 exists following the 128 KB 

RAL\I[ are:i 58, :is shown in the logical address column of Fig. lOC. 

Fig. J 2 is a flow chart of a process for converting a logical address 

to a physic:il address when BIOS 43 accesses the initi:llized semicon­

ductor auxiliary storage 9 in response to a software interrupt INTI 8 11 

to read :ind 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 l"ogical address has al­

ready been e:cplained in connection with Fig. 5 and it is omitted here. 

The rrans lated address corresponds co the logical address shown on 

che right hand of the memory space of Fig. IOC. Then. whether or 

not the translacc:d Iogic:il address is smaller than the RA~[ capacity 

(indic:ited in bytes) is determined (step 405). In che present embod­

iment example. since the RA~[ capacity is 128 KB. whether or not the 

logical address is smaller than 128 KB is determined. rn step 405. if 

the logical address is smaller than· the RAM capacity, a sum of th~ 

logical address and the ROM cdpacity (tot:il capacity of the first and 

second ROM are:is) 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 ~tB is added.· 

Accordingly, the logical address actually designates a point in RA~{ 

area. 58: On the other hand, in step 405. if the logical address ex­

ceeds the RA~I capacity, the logical address is employed as the 

physical address in its present form (step 407). This address d~sig-
. 

nates a point in second ROM area 57. · 

In accordance with this method, the semiconductor: auxiliary stor­

age provides· for the modification o( ba.sic prog-1=ams and data while 

they ar~~ nonvolatility retained in memory. In the present embodi­

ment .. the logical address of RA~( a-rea 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 form:u tr:iclc process which is 

equivalent co the form:it track proc:ss for the floppy disk :ind the 

h:ird disk. . For semiconductor :iuxili:iry scor:ige 9 h:iving memory cir­

cuit 21, which is configured :is RA:Vf only memory, :ind in which no 

inform:ition h:is be=n written. a form:u tr:ick process must be carried 

out. Fig. 13 is a flow chart of the format tr:ick proc::ss for one t~ck. 

The format track process, howcYer, is sequentfally :ice om pl ished 

from the tr:ick 0 to the l:ist track. In the c:ise of tr:ick O. when 8 IOS 

43 receives a request for the format tr:ick process from DOS 42. BIOS 

43 determines the device :issocfated with the request :ind deter­

mines whether the request is to semiconductor iluxili:iry stor:ige 9 or 

to othc:r I/O devices. for example, cxp:insion floppy disk 10 or ex­

p:insion hard disk 11 (step 501). If the request is not to semiconduc­

tor :iuxiliary storage 9. a norm:il INTI BH form:it track process is c:ir· 

ri~d out (step 505). If it is to semiconductor auxiliary stor:ige 9. the 

:iddress on semiconductor :iuxilfary storage 9 is c:ilcul:ited based on 

che disk address for tr:ick 0 and an :irea corresponding to :i one-ti-:ick: 

capacity below the calcul:ited address is filled out by· :i predeter­

mined aat:i p:ittern. As :in ex:imple, the memory space in Fig. 7 is 

immediately· :ifter the ID information :ire:i. 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 ID infor· 

m:uion · of the tr:ick corresponding to the disk :iddress (disk address 

indicating tr:ick 0) is written into the ID information :ire:t (step 503 ). 

As an ex:impfe. the [0 information area of Fig. 6 is written inco the 

four·byte :ire:i (:iddresses 000 to 003). Then. the same d:it:i as the 

fD information on track 0 immedi:nely written before is written into 
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che last four·byce area of the ID information area as the entire crack 

ID information (step 504). With reference co the ID information area 

of Fig. 6 as an example. the ID information of the crack O is written 

into the area starting at the address 3FC. Thus~ the format crack pro­

cess of the track 0 is completed and the format track process of crack 

is then carried out.. The data are:i following the data area of crack 

0 ts filled with "E.S". the ID inform:ition of the first track is written 

into che four-bvce area followin2 the ID information of track 0 and . -
the entire track ID inform:ition of the area starting :u address 3FC · 

rewritten as the ID information of the first tr:ick. The same process 

is repe:ued until the final track is reached :ind the format track pro­

cess for the semiconductor auxiliary star-age is then complete. In this 

manner, the DOS and the application pr~gram may be handled by 

semiconductor auxiliary storage 9 in the same m:inner 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 ·last track ro information. [f the fonn:J.t 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 th:it 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. che present invencion is nae limiced co che BIOS for che pur­
poses of so few are i ncerrupc £NT1B1-1 buc. for example, :i disk in-
puc/o ucpuc routine which inputs and oucpucs co and from semicon­
duccor auxiliary scor:ige 9 m:iy be. employed. Thus, che invention de­
scribed herein is intended co c:mbr:ic: at such altern:icives, modific:i­
cions, applications and variations as fall within the spirit and scope of 
che appended claims. 
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CLAIMS 

1 . An information processing system comprising: 

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

I 111111111111111111111111111111 
* C L N S * 

a main storage 12) 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 (9) removabJy moumed ta a system bus of 

said information processing system through connector means 125), adapted ta transfer memory 

content to and from said main storage, and comprising RAM means (21), ROM means (211 and 

control register means (24); 

a memory (31 for storing a basic input/output program to central hardware cf said 

auxiliary staraga means; 

wherein said basic input/output program is designed to access said auxiliary starage 

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 identification code (10) 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 ta magnetic storage memory means. 

3. The system according ta claim 1 or 2, wherein said information processing svstem 

including means for copying a portion of the content of said ROM means (21) to said RAM 
means 121) of said semiconductor auxiliary storage means (9). 

4. The system according ta claim 1, 2 or 3, funner comprising means for translating a 

physical address of a source of copy ta a physical address of a target of copy when access is 

made to said samic:onductar auxiliary storage means wherein a portion of the content of said 
ROM means (21) has been copied ta said RAM means (21) of said semicanduct0r auxiliary 

storage means (9). 

5. The system according to any of claims 1 to 4, wherein access to said samiconduc· 

tar auxiliary storage means (9) is accomplished by means to translate an address for magnetic 

storage memory means· ta an address for said semicanductar auxiliary storage means. 

6. The system according to claim 5, wherein said semiconduct0r auxiliary storage 
means (9) stores track 10 inform~on designated for magnetic storage memory means, said 

translation means employing said track 10 information to make said address translation. 
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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 (9J 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 accass 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 memory means adapted tc 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 fer said auxiliary magnetic 

storage memory means and translate an address far 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 J. ROM means (21 J and control register 

means (24), wherein said control register means (24) stores an identification cede (JOJ indica­

tive of the memory tvPe 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 af previously existing software targeted 

for use with conventional magnetic storage memory means comprising the steps cf: 

staring in said semiconductor auxiliary storage means (9) 10 information correspon· 

ding for said conventional magnetic storage memory means, 
capniring an access request for said conventional magnetic storage memory means, 

translating an address based on the access request far said conventional magnetic 
storage '!'emary means ta an address based an access to said semiconductor auxiliary storage 

means employing said 10 information, and 
thereafter executing the translated request. 
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INFORMATION PROCESSING SYSTE1'r1 AND SEMICONDUCTOR 

AUXILIARY STORAGE FOR USE IN THE SYSTEM 

Abstract 

A compact. low power consumpnon. light weight. highly reliable 

and high speed information processing system is provided by em­

ploying a semiconductor auxili:iry scorag~qJin lieu of convention:il 

magnetic storage or memory me:ins, such as a floppy disk memory or 

a h:ird disk memory. An acc:ss request to such :i magnetic storage or 

memory me:ins is convened to an ilccess request for :i semiconductor 

:iu.:dli:iry storage comprising semiconductor integrated circuits with· 

out requiring any modific:ttion of existing programs, such as, :ippli· 

c:nion software. :ind a disk operating system. A memory circuit of 

the semiconductor auxiliary storage comprises a ROM :ind a RA~f. 

and a portion of the ROM area is copied into the RA~f so chat the 

modification of the progr:tms and d:a:i is permitted while the basic 

progr:im and dac:i can be re:ained in a nonvolatile m:inner. (Fie:-. 1) 

FIGURE 1 
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