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1 BACKGROUND OF THE INVENTION
The present application is a continuation-in-part of & pending U.S. Patent Application
entitled "DELAYED WRITE OF STORE INSTRUCITON IN PROCESSOR DEVICE" filed on
‘5 March 9, 1994 and having Scrial No. 08/208,987, hereby incorporated by reference.
This application is related to éo-pcnding and commonly-assigned U.S. Patent Application
Serial No. 08/236,572, filed on April 29, 1994, by Timothy J. Van Hook, et al. for "A CENTRAL |
PROCESSING UNIT WITH INTEGRATED GRAPHICS FUNCTIONS". The above-identified
Van Hook application is hereby incorporated by reference.
10 Fie g!l of the Invention
This invention relates to the efficient execution of block operations in a computer system.
More particularly, the present ﬁvcnﬁon relates to an efficient method and appara.tus for intérlcawing
the transfer and processing of data blocks in a computer system.
Description of the Related Art
15 With the proliferation of realtime graphics applications in computer systems, the need for
these computer systems to transfer and process blocks of data quickly and cfficiently has increased -
rapidly. Figure 1 is a ﬂowchart_ illustrating a convcnﬁc;nal method for serially transferring and

processing data blocks in one such computer system having a processor and a main memory coupled
to each other by a system bus.
20 First, source and destination block pointers and a block counter n arc initialized (step 1010).
The source and destination block pointers are pointers for locating the source and destination data
blocks, rcspecti\-rcly. An nth block of data can now loaded, e.g., from the main memory to & local
memory of the processor (step 1020). When the nth block of data has been loaded, the nth block
of data is processed (step 1030). Processing can range from rt_:lf(tivcly simple translations, e.g., for

moving a “window", to the more computationally intensive-operations such as rotations.



10 Field of the Invention This invention relates to the
ef ficient execution of block operatlons I n a conputer system Mor e
particularly, the present invention relates to an efficient nethod. and
apparatus for interleaving . the transfer and processing of data

bl ocks in a conputer system Description of the Related Art 15
Wth the proliferation of realtine graphics applications in conputer
systems, the need .for - . t hese conputer systens to transfer and =~ = 7
process bl ocks of data quickly and efficiently has increased .
rapidly. Figure 1 is a flowhart illustrating a conventional nethod for
serially transferring and processhfg'data bl ocks in one such
conput er system having a processor and a nmaln nenory coupl ed to
each other by PhebB16¢R dTdita isdflen stored, e.g., writtelr bickito tivmuimiacmoy (wepstG40ntThen
bl ock pointers and a block counter n are initialized (st 1010) .
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. range fro Loy ﬁﬁ%h&ﬂmhﬁcﬂoh@@&léﬁmﬂesdmﬁ the thaB¥fer’of the dataBIBek$ add from
: "wi ndow', to the rmre conput ationally |ntenS|ve operations such as

r ot at i ONSthe main memory. As such, the above described steps are essentially serial in nature and thus

inefficient.

bne related method for increasing the efficiency of the computer system is direct memory
access (DMA). In a conventional DMA-based computer system, a dedicated DMA controller
capable of independently transferring data is provided so that the processor of the computer system
can freed up for executing other unrelated instructions while the transfer of data block(s) is taking
place. Accordingly, when the DMA-based computer system needs to process a block of data, a
DMA block transfer is initiated in the following exemplary manner.

First, the processor sends the source block pointer, the destination block pointer and the data
block size to the DMA controller. The DMA controller is now sble to begin transferring the block
of data, e.g. from the main memory to the local memory. Since the processor is not involved with
the actual transfer of the data block, the processor is now free exeéute other unrelated instructions,
subject to the sharing of the data and address lines of the system bus with the DMA operation.

When the DMA block transfer is complete, the DMA controller issues an interrupt to the
processor, indicating that the DMA transfer has completed and processing of the transferred data
block by the processor can begin. Alternatively, the processor can execute a delay loop long enough

. to ensure that the DMA block transfer has completed.

Subsequently, when the processing of the transferred data block is complete, the DMA
controller can be reinitialized to store the data block, e.g., back to the main memory, in a manner
described above for the first DMA block transfer.



2 The nth bl ock of data is then stored, eg., witten back to the
mai n nennry (step 1040). The block counter n is incremented (;steép 1050).
If n”is hot greater than the total nunmber of blocks to be. transferred
(step 1060), steps 1020 through 1050 are repeated Note that since the
processor is responsible for orchestrating and eontrolling all the above
steps, the processor is not available for executing any unrel ated
instructions, for exanple, during the trahsfer of the data bl ocks to and
from the main nenory. As such, the above described steps are essentially
seril in nature and thus inefficient B One rel ated nethod for

i ncreasing the efficiency of the conputer:; systemis direct nenory

3

Although, the above-described DMA-based computer system is more efficient in that the
processor is not idle while data block transfers are taking place, the total améunt of time required
for transferring and processing the data block(s) has not changed significantly since the data trans-
ferring and processing steps are esseatielly serial in nature. In addition, DMA controllers are
incapable of performing any processing beyond simple block transfers of data.

Hence there is a need for a method and apparatus for interleaving transfers and processing
steps which exploits the characteristics of the instruction-set and architecture of the processor in
order to increase efficiency and throughput of the computer system.



access (DMA). In a conventional DVA-based conputer system a dedicated DVA
controller capable of independently transferring data is provided so that
t he processor of the conputer system can freed up for executing other
unrel ated instructions while the transfer of data block(s) is taking

pl ace. Accordingly, when the DVA-based conputer system needs to process a
bl ock of data, a DMA block transfer is initiated in the follow ng

exenpl ary manner . First, the processor sends the source bl ock

poi nter, the destination block pointer and the data block size to the DVA
controller. The DVA controller is now able fo begin transferring the bl ock
of data, e.g. fromthe main AN THEIRAVENEION Y. Since the processor
is nottinvolved with the actua the data bl ock, the processor
is now free exernyédesehiiavention piosidesia canputeraystem swhichsndiydes & pracessoe haling amg
of the data and address |ines of the systembus with the DVA operaﬁéég;d
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ensur€ t hat ock transfer has conpl et ed.
increase efficiency and throughput of the computer system is provided.

In one embodiment, the instruction interleaving algorithm include the following steps. First,
a block counter n is initialized. A first block-load instruction for loading the initial block of data,
i.e, the nth block of data, is issued. Another block-load instruction for loading the next blo.ck ;>f
0 data, i.e., the (n+i)th block, is then issued. “i" is an integer.
Since the processor has access to the nth block of data, any additional processing can be
accomplished at or shortly after load time. For example, the nth block may need to be re-aligned
with respect to its block boundary'.

A block-store instruction is then issued to store the processed nth block of data. In accor-

5 dance with one aspect of the invention, if the processor has not completed the execution of any
outstanding block-load instruction related to the nth block of data, e.g., the block-load instruction
for loading the nth block of data, then the processor delays the block-store instruction of the nth
block of data until the execution of the outstanding block-load instruction for loading the nth block
of data has been completed.

20

The block counter n is advanced by i and the interleaved block load/store cycle is repeated
until all the data blocks have been transferred and if needed, processed. Hence by interleaving the
block-store instruction of the previous data block with the block-load instruction of the x-1cxt data
block, the entire block transfer process can streamlined.



Subsequent |y, when the processing of the transferred data block is
conplete, the DMA controller can be reinitialized to store the data :
bl ock, e.g., back to the main nenory, in a manner descri bed above for the
first DVA bl ock transfer.

3 Al t hough, the above-descri bed DVA- based conputer systemis nore
efficient in that the processor is not idle while data block transfers are
taki ng place, the total amount of tinme required for transferring and
processi ng the data bl ock(s) has not changed significantly since the data
trans- ferring and processing steps are essentially serial in nature. In
addition, DVA controllers are

: DESCRIPTION OF THE DRAWINGS
1 .
The objects, features and advantages of the system of the preseat inveation will be apparent
from the following description in which:
Figure 1 is a flowchart illustrating a conventional method for serially transferring and pro-
5 cessing data blocks in a computer system.
Figure 2 is a block diagram of one embodiment of the present invention.
Figure 3 is a flowchart illustrating one implementation of instruction interleaving in the

computer system of the present invention.
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I ncapabl e of perform ng any processing beyond sinple block transfers of

dat a.

Hence there is a need for a nethod and apparatus for

i nterleaving transfers and processing steps which exploits the

characteristics of the instruction set and architecture of the processor

order to increase efficiency and throughput of the computer system

The present invention provides a conputer system which
i ncludes a processor having an i nstruction set capabl e of

.4

"del ayi ng" bl ock-store |nstruct|ons rel at e
instruction(s). Accordj
and pyocessing steps

In the following detailed description, numerous details provide a thorough understanding
of the present invention. These details include functional blocks and flowcharts to assist one in
incorporating instruction interleaving in a wide variety of computer applications and computer
systems. In addition, while the interleaving technique is described with reference with specific
implementations, the invention is applicable to a wide variety of instruction sets and system archi-
tectures. In other instances, well-known structures and algorithms are not described in detail so as
not to obséure the invention unnecessarily.

As shown in Figure 2, a block diagram of one embodiment of the present invention, instruc-
tion interleaving is implemented in a computer system 200 which includes a processor 210, a
memory 220, a disk drive 230, a display device 242, a keyboard 244 and a mouse 246, coupled to
each other by a system interconnect 290. Suitable architectures for implementing system intercon-
nect 290 include bus-based and switch-based architectures. In addition, processor 210 may be a
SPARC RISC processor or any other suitable microprocessor. _

In accordance with one aspect of the invention, processor 210 has a visual instruction set
(VIS) which includes block transfer instructions such as block-load and block-store instructions.
An exemplary VIS is disclosed in pending U.S. patent application serial number 08/236,572, ref-
erenced above. The delayed block-store mechanism is described in detail in U.S. patent application
serial number 08/208,982, referenced above. ,

The block transfer instructions are useful for moving large blocks of data with & single
instruction. One advantageous characteristic of computer system 200 is that when processor 210
has not completed execution of an outstanding block-load instruction related to a block of data,
processor 210 interlocks, i.e., delays the execution of, any block-store instruction(s) related to the
outstanding block-load instruction, e.g., a block-load instruction to the same data block, by sus-
pending the execution of the (issued later-ih—time) block-store instruction(s) until the execution of

the outstanding block-load instruction has completed. -

to any outstandlng bl ock-1 oad
R < y pck data transfers

in



5 whi ch exploits the characteristics of the instruction set and

architecture of the processor in order to I ncrease efficiency and
t hroughput of the conputer systemis provided. In one

enbodi nent, the instruction interleaving algorithminclude the follow ng
steps. First, a block counter nis initialized. A first block-Ioad
I nstruction for loading the initial block of data, I.e. the nth

bl ock of data, is issued. Another block-load instruction for |oading the
next block of data, i.e., the (n+i)th blgck, is then issued. "i" is an

I nt eger. Since the processor .has, ac
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time (step 3040). Proccssing is can be a simple re-align, or any other graphics operation(s) including
but not limited to rotation, translation, scaling and transposition.

For example, in a window-based user interface for an operation system, a common operation
is the translation of moving "windows" around display device 242. Depending on the direction of
the translation of the "window" required, the data transfer may begin from the top to the bottom
and the left to the right, relative to display device 242.

A block-store instruction is then issued to store the processed nth block of data (step 3050).
In accordance with one aspect of the invention, if processor 210 has not completed the execution
of any outstanding block-load instruction related to the nth block of data, e.g., the block-load
instruction for loading the nth block of data, then processor 210 interlocks, i.e., delays the execution
of, the block-store instruction of the nth block of data until the execution of the outstanding block-
load instruction for loading the nth block of data has been completed (step 3060).

The block counter n is advanced by i (step 3070). Depending on the implementation, several
methods for advancing the block counter n and hence the related block pointers of processor 210
is possible. For example, the block counter n can be incremented or decremented.

If there are data block(s) remaining to be processed, step 3030 throﬁgh step 3080 are repeated
until all the data blocks have been transferred and if needed, processed (step 3080).

Hence by interlcav'mg- the block-store of the previous data block with the block-load of the
next data block, the entire block transfer and/or process is streamlined.



20 The bl ock counter n is advanced by i and the interl eaved bl ock
| oad/ store cycle is repeated until all the data bl ocks have been
transferred and if needed, processed. Hence by interleaving the

bl ock-store instruction of the previous data block with the bl ock-Ioad

instruction of the next data bl ock, the entire bl ock transfer
process can stream i ned. 25
5 DESCRI SCRI PTI ON OF THE DRAW NGS The obj ect s,

features and advantages of the systemof the present invention will be
appar ent

8
The above description is merely illustrative of the invention. Modifications and additions
are possible without departing from the invention. Thus the present invention should be limited

only by the following claims.



fromthe follow ng description in which: Figure 1 is a
flowchart illustrating a conventional nethod for serially transferring and
pr o- 5 cessing data blocks in a conputer systemi ———————___ Figure

2 is a block diagramof one enbodi ment of the pr=e?' TTIL '
Figure 3 is a flowhart illustrating one inplenen ﬂ"ﬂmmﬂmwﬂt' o
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interleaving in the conput er system of the*presen
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, CLAIMS
What is claimed is:
1. A method for interleaving instructions in a computer system having a processor, &

5 memory and an instruction set which includes a plurality of block transfer instructions such as
block-load instructions and block-store instructions, said method comprising the steps of:
a) initializing a block counter n of the computer system;
b) issuing a block-load instruction to load an nth block of data from the memory;
¢) issuing another block-load instruction to load an (n+i)th block of data from the
10 memory, wherein i is an integer;
d) processing the nth block of data;
e) issuing a block-store instruction to store the nth block of data to the memory;
f) if the processor has not completed the execution of any outstanding block-load
instruction related to the nth block of data, then the processor delays the execution of the
15 block-store instruction of step e) until the execution of said any outstanding block-load
instruction has been completed;
g) advancing the block counter n by i; and
h) if there are block(s) remaining to be transferred, then repeating steps c) through h).

20 2. The method of claim 1 wherein the instruction set is a visual instruction set (VIS).

. 3. The method of claim 1 wherein the processing step d) includes a block re-align step.
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DETAI LED DECRI PTI ON OF THE | NVENTI ON In the follow ng detailed

descri ption, tails provide a thorough understanding of
t he present |nvent| | hese i ncl ude functional blocks and

flowcharts to asmw ﬂ i ncorporating instruction interleaving
in a wide variety & ] ”’HH"I cations and COfPHICEHEET HAS BEEN

REPLACED

10
4, A computer program product which includes computer-usable medium having com-
puter-readable code embodied therein for causing instruction interleaving in & computer system
having a processor, a memory and an instruction set which includes block transfer instructions such
as block-load instructions and block-store instructions, the computer program product comprising:

a) computer-readable program code devices configured to initialize a block counter
n of the computer system,

b) computer-readable program code devices configured to issue a block-load instruc-
tion to load an nth block of data from the memory;

c) computer-readable program code devices configured to issue another block-load
instruction to load an (n+i)th block of data from the memory, wherein i is an integer;

d) computer-readable program code devices configured to process the nth block of
data;

e) computer-readable program code devices configured to issue a block-store in-
struction to store the nth block of data to the memc-)ry;

f) computer-readable program code devices configured to cause the processor to
delay the execution of the block-store instruction of step e) if the processor has not completed
executing any outstanding block-load instruction related to the nth block of data;

* g) computer-readable program code devices configured to advance the block counter
n by i; and

h) computer-readable program code devices corfigured such that if there are block(s)

remaining to be transferred, then the program code devices of i) will cause the computer
. system to re-execute program code devices c) through h).

5. The computer program product of claim 4 wherein the instruction set is a visual

instruction set (VIS).
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5 systens. In addition, while the interleaving technique is described
with reference with specific i npl enentations, the invention is
applicable to a wide variety of instruction sets and system archi -
tectures. In other instances, well-known structures and algorithns are not
described in detai so=as —not to obscure the invention

unnecessarily. in Figure 2. a block diagram of one
embodi ment of the ermmllmmuﬂmml nstruc- 10 tion interleaving is
i npl enented in a conputer gystens200 which includes a processor 210, a

menory 220, a disk drive 230, a display device 242, a keyboard 244 and a

nouse 246, coupled to . each other by a systenlinterconnect 290.
Suitable architectures for inplenenting sysikmintercon- nect 290

i ncl ude bus-based d switch-based archifectu addi tion ocessor
210 ey bo a b aﬂ%@ﬁg&fﬂm é%éﬁ@%ﬁ%ﬁ i padhble program
nlcroproc cc;b QEvM%é

i nventi on%%rgg’gessgr ansidlé&c\gfsgal I'nstruction sefg %qﬁénﬂ%%%f% ch

i ncl udes bl ock transfer i nstructi ons such as bl ock-l1oad and bl ock-store

i nstructions. An exenplary VIS is disclosed in pending U S. patent
application serial nunber 08/236,572, ref- erenced above. The

del ayed bl ock-store nmechanismis described in detail in U S. patent
application serial nunmber 08/208, 982, referenced above.
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0 . The bl ock transfer |nstruaglons are useful for noving | arge
bl ocks of data with a singl e i nstructi on. One advant ageous
characteristic of conputer system 200 .is that when processor 210

has not conpl eted execution of an outstandi ng bl ock-1oad instruction
related to a bl ock of data, processor 210 interlocks, ie., delays
t he execution of, any bl ock-store instruction(s) related to the

out st andi ng bl ock-1oad instruction, bl ock-1o0ad instruction to the
sane data bl ock, by sus- pendlng ¥%e executi:on of the (issued

| ater-in-tine) block store instruction(s) until the execution of

t he out st antNFERBEAVEKNG 0BEHOCK SOPERAT QNS o ENcAnEPMPUIER SYSTEM

7 In one inplenmentation, the instruction interleaving algorithm
exploits the above described interlocking characteristic of processor 210.
Referring now to the flowhart of Figure 3. first, a

1 - ABSTRACT
The present invention provides a computer system which includes a processor having an
instruction set capable of “delaying” block-store instructions related to any outstanding block-load
instruction(s). Accordingly, 8 method for interleaving block data transfers and processing steps
5 which exploits the characteristics of the instruction set and architecture of the processor in order to
increase efficiency and throughput of the computer system is provided. Hence by interleaving the
block-store instruction of the prcviou_s data block with the block-load instruction of the next data

block, the entire block transfer process can streamlined.

10 (Fig. 3)
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bl ock counter nis initialized (step 3010). A first block-load instruction

for loading the initial block of data, i.e, the nth block of data, is
i ssued to processor 210 (step 3020). Anot her bl ock-1oad instruction
- for loading the next block of data, i.e., the (n+i)th block, is then-

i ssued to processor 210 (step 3030). "i" is a suitable i ntrpgeSHEST MAS B
processor 210 has access to the nth bl ock of data upon |foadi @l@gs EEN

processing can be acconplished at or Ehdrtly after |oad \

Processing is can be a sinple re-align, or any other graphics operation(s)

including but not limted to rota ,- scaling and

transposi tion. For exanpl e, based user interface for

an operation system a conmon opeTatie e translation of noving

"w ndows" around displ ay deV| ce 242. Dep ndi ng on the di rectl on of the

transl ation of the "w ndog- . e 2 beg£ /féomthe
y

top to the bottom and the | t he ;gfyf. jye ho Hisp devi ce
242. A bl ock-sto ﬁﬁ’b&‘ﬁ&l or}i"y?gk’t heh 1ssued to store t he

processed nth bl ock of date—{tstep 36‘5{‘15 trm—accordance—wt h one aspect of
t he i nventi op—if—processer—230—has—rnot—fonpl eted t he executi on of any
out st andi ng bl ock-load instruction relatN(d ta the nth block—ei—daya, e g.,
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processor 21p interloc %4 ay )fdneﬁexecutg? 68}“‘7(

lrocess nth Lfeck § A= - /[630

J

{ﬂm M Ll 3 At }//Df"

\ 4

Z,c,{,,ef,‘c‘,{—- Lioct cowrtzr h

No

This Sheet Has

e o iy N fill



of , the block-store instruction of the nth block of data until the
execution of the outstanding block- [|oad instruction for |oading the nth
bl ock of data has been conpleted (step 3060). The bl ock counter n
i s advanced by i (step 3070). Depending on the inplenentation, several

met hods for advancing the bl ock counter n and hence the rel ated bl ock

poi nters of processor 210 is possible. For exanple, the block counter n
can be increnented or decrenented. If there are data bl ock(s)
remaining to be processed, step 30302yRBrough step 3080 are repeated unti |
all the data blocks have been transferred and if needed, processed (step
3080). Hence by interleaving the bl ock-store of the previous data
bl ock with the bl ock-l1oad of the next data bl ock, the entire bl ock
transfer and/ of) process is streaniined.
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8 The above description is nmerely illustrative-of the invention.
Modi fications and additions are possible without departing fromthe

i nvention. Thus the present invention should be [imted only by the
foll owi ng cl ai ns.
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1. A nethod for interleaving instructions in a conputer—system having a
processor, a 5 menory and an instruction ' s aplurality
of block transfer instructions such as 'M'mmm niﬂr ucti ons and

‘bl ock-store instructi on , prl si hg the steps o 9611353
a) initializing a bl ock conput er system

b) issuing a block-1oad|ihstruction to |l dad an nth bl ock of data fromthe
Menory; 16 SEPi 2000i anot her bl.ock-1oad instruction to
| oad an (n+i)th block o atafromthe 10 menory, wherein i is
an integer; " d) pr oce,z)m ng the nth bl ock of data;

e) issui_ngablock storg¢ instruction to the nth block of data to the

nmenory; grﬁfch s
execution of any out st aﬁ‘é‘f‘rfbm%’r’mé%{“? B &Qﬁpdi!é&sl nst r ugltﬂl o%&gcf’gt ed
to the nthytbleedabid oaﬁt@uboureanh&mﬁafe&&mhstﬂ@hau&mvﬁgmumuﬁ sysi@n 15

bl ock-store instruction of step e) until the execution of said any
out st andi nayirng coprioedsoarpa memory and an instructionisst which incladésctti odkamnsferingthetionk such
g) advanci n% t he bl ock counter n by i; and h) if

t here ar eeshileehlosyl instruetions auyl blecksstoreripsiniciensethe compyicy prparami profust eqmaprising:
through h). a) computer-readable program code devices configured to initialize a block counter

n of the computer system;

b) computer-readable program code devices configured to issue a block-load instruc-
tion to load an nth block of data from the memory;

c) computer-readable program code devices configured to issue another block-load
instruction to load an (n+i)th block of data from the memory, wherein i is an integer;

d) computer-readable program code devices configured to process the nth block of
data; |

e) computer-readable program code devices configured to issue a block-store in-
struction to store the nth block of data to the mcméry;

f) computer-readable program code devices configured to cause the processor to
delay the execution of the block-store instruction of step ¢) if the processor has not completed
executing any outstanding block-load instruction related to the nth block of data:

© g) computer-readable program code devices configured to advslnce the block counter
n by i; and

h) computer-readable program code devices configured such that if there are block(s)

remaining to be transferred, then the program code devices of)?h’L will cause the computer

system to re-execute program code devices c) through h).

5. The computer program product of claim 4 wherein the instruction set is a visual

instruction set (VIS).
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20 2. The method of claim 1l wherein the instruction set is a
visual instruction set (VIS). 3. The nmet hod of claim
1 wherein the processing step d) includes a bl ock fe atgh—step:

10 4, A conput er program product which i abI e
medi um having com - puter-readabl e code enbodi ed. t ﬂn mimmﬂ“m
instruction interleaving in a conputer system havj ng* a cpr oCessos, nory
and an instruction set which includes block transfer instructions such

11
computer-readable program

6. The computer program product of claim 4 wherein the
nth block of dau{ .

code devices of element d) includes program code devices for re-aligning the
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as bl ock-1o0ad instructions and bl ock-store instructions, the conputer

program product conpri sing: ©a) conputer-readable program
code devices configured to initialize a bl ock counter n of the
conput er system b) conputer-readabl e program code devi ces
configured to issue a bl ock-1oad instruc- tion_to Ioad an nt h

bl ock of data fromthe nmenory; c) conpit 2B ram
code devices configured to i ssue anot her bl ock-I oad o]
| oad an (n+i)th block of data fromthe nmenory, whereinilis an In

d) conputer-readabl e program code devi cei( configured tjo pr66esspt2m

bl ock of dat a; ' f conmput er - r gagqabl e program gogle
devi ces configured to issue a bl ock-store in- of e
the nth block of data to the nmenory; ut er-readabj e
program code devi ces configured to cauge §rocessor to y

t he execution of the bl ock-store instrf step e) if the processorhas

not conpl et ed executing any outstpndi ng bl ock- ?9 i nstruction
related to the nth bl ock of data,; //‘101

INITIALIZE BLOCK COUNTER n

! | /-1020
LOAD nth BLOCK OF DATA

v /1030
PROCESS nth BLOCK OF DATA

i 1040
STORE nth BLOCK OF DATA

v /-1050
INCREMENT BLOCK COUNTER n

1060

IS
BLOCK COUNTER
n > TOTAL # OF
BLOCKS TO BE
TRANSFERED?
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g);éoﬁputer-readable program code devi ces configUred to advance the bl ock

count er n by i; and h) conput er-readabl e program
code devices configured such that if there are bl ock(s) remai ni ng
to be transferred, then the program code devices of b)ill cause the
conput er systemto re-execute program code devices c) through h).
5. The conputer program product of claim4 wherein the instruction set
is a visual instruction set (VIS). -
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6. The conputer program product of claim4 wherein the conputer-readabl e
program code devices of elenent d) includes program code devices for
realigning the nth block of data .
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