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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-
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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 . 
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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-



- -~'"· ::. . . . . ~-.· · .. 

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-
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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. 


