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CSC2510 - Computer
Organization

Lecture 7: IA-32 and I/O

Philip Leong
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2 Push/Pop

 PUSH src

— ESP « ESP-4
— [ESP] « src
+ POP dst
— dst « [ESP]
— ESP « ESP +4

+ PUSHAD

— Pushes all 8 general purpose registers
EAX,ECX,EDX,EBX,ESP,EBP,ESI,EDI on stack

+ POPAD
— Pops them (in reverse order) but doesn’t modify ESP

16-Oct-06 (2)
2. Block Transfers

* REPINS & REPOUTS

— Transfer block of items between memory and 1/0

— “S” suffix means string

— “REP” prefix means repeat

— Additional suffix “B” or “D” indicates size of transfer

— DX is a 16-bit I/O device address

— EDI is a 32-bit address for the start of the block in memory

— ECX contains number of data items to be transferred

— After each data item is transferred
« EDl is incremented (by 1 or 4 depending on “B” or “D” suffix)
« ECX decremented by 1
» This is repeated until ECX=0
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Parameter Passing
A via Registers

calling program ESP- [EDI]
3 Return Address
LEA  EBX,NUM1 Load parameters 0ld TOS
MOV ECXN into EBX,ECX.

CALL LIST ADD
MOV SUM,EAX

Branch to subroutine.
Store sum into memory .

Subroutine
LIST ADD: PUSH  EDI Save EDI.

MOV EDI,0 Use EDI asindex register.

MOV EAX,0 Use EAX as accumulator register.
STARTADD: ADD EAX, [EBX +EDI* 4] Add next number.

INC EDI Incremen t index.

DEC ECX Decremen t counter.

JG STARTADD Branch back if [ECX] > 0.

POP  EDI Restore EDI.
RET Branch back to Calling program.

(a) Calling program and subroutine
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2. Example

LEA EDI,MEMBLOCK
MOV DX,DISKDATA
MOV ECX,128
REPINSD

Transfers 128 32-bit words from DISKDATA 1/O
register to [MEMBLOCK..MEMBLOCK+128*4-1]

What are the advantages of this instruction?
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Parameter passing
A on Stack

(Assume top of stack is at level 1 below.)
Calling program
PUSH OFFSET NUM1  Push parameters onto the stack
SH N

CALL  LISTADD Branch to the subroutine.

ADD  ESP4 Remove n from the stack.
POP  SUM Pop the sum into SUM. Lewld - [ECX]
[EBX]

Subroutine [EAX]
LISTADD: ~ PUSH EDI Save EDI and use [EDI]

MOV  EDIO asindex register.

PUSH EAX Save EAX and useas Level2 — | RefurnAddress

MOV EAX.0 acoummulator register. D

PUSH EBX Save EBX and load NUM1

MOV EBX|[ESP+20] addressNUM1

PUSH ECX Save ECX and Level1 —

MOV ECX|[ESP+20] load count n
STARTADD: ADD  EAX[EBX+EDI *4] Add next number.

INC  EDI Increment index (b) Stack contents at diferent times

DEC  ECX Decremert counter.

JG  STARTADD Branch back if not done.

MOV [ESP+24]EAX Overwrite NUM1 in stack with sum.

POP  ECX Restore registers.

POP  EBX

POP  EAX

POP  EDI

RET Return.

(a) Calling program and subroutine
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Nested Subroutines

Address Instructions Commerts MOV
POP
Calling program POP
: POP
2000 PUSH PARAM2 Place parameters POP
2006 PUSH PARAM1 on stack. POP
2012 CALL SUB1 RET
2017 POP  RESULT Store result.
Secondsubroutine
ADD  ESP4 Restore sta lovel. oo o PPDE
MOV
First subroutine PUSH
2100 SUBt: PUSH EBP Save frame pointer register. PUSH
MOV  EBP.ESP Load frame pointer. MOV
PUSH EAX Save registers. "
PUSH EBX
PUSH ECX Moy
PUSH EDX ROE
MOV  EAX[EBP+8]  Getfirst parameter. RO
MOV  EBX([EBP+12]  Get second parameter. :g
PUSH PARAM3 Place parameteron stack.
2160 CALL  SUB2
2165 POP  ECX Pop SUB2 result into ECX.

[EBP+8]EDX  Place answeron stack.
Restoreregisters.

ECX

EBX

EAX

EBP Restoreframe pointer register|
Return to Main program.

EBP Save frame pointer register.

EBP ESP Load frame pointer.

EAX Save registers.

EBX

EAX[EBP+8]  Get parameter.

[EBP+8]EBX  Place SUB2 resulton stack.

EBX Restoreregisters.

EAX

EBP Restore frame pointer register}

Return to first subroutine.

A

« Multimedia instructions
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MMX and SSE2

* Allow vector operations to be performed

on data

» E.g. PADDB MM;, src

— Adds two 8-byte operands and puts the 8
sums into MMi (MMX uses 64-bit registers)

» SSE has 128-bit registers on which vector

operations can be performed
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Nested Subroutines
Stack Frame

[EBX] from SUB1
[EAX] from SUB1 Stack
frame
EBP—= [EBP] from SUB1 b for
second
2165 subroutine
param3
[EDX] from Main
[ECX] from Main
[EBX] from Main
Stack
[EAX] from Main fr?me
for
EBP—= [EBP] from Main first
subroutine
2017
param1
param2

~— OIld TOS
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Vector Dot Product

LEA
LEA
MOV
MOV
MOV
MOV
IMUL
INC
ADD
LOOP
MOV

LOOPSTART:

EBP,AVEC
EBX,BVEC

ECX.N

EAX,0

EDI,0
EDX,[EBP+EDI* 4]
EDX,[EBX+EDI * 4]
EDI

EAX,EDX
LOOPSTART
DOTPROD,EAX

EBP points to vectorA.
EBX points to vector B.
ECX is the loop courter.
EAX accunulatesthe dot product.
EDI is an index register.
Compute the product

of next compnerts.
Incremert index.
Add to previous sum.
Brandh badk if not done.
Store dot product in memory.

Dotprod = ni A(i)x B(i)
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E_\nteger Multiply and Divide

e IMUL src
— EDX:EAX «— EAX * src

¢ IMUL REG,src
— REG <« REG * src (result in EDX:EAX)

+ IDIV

Src

— Signed divide EDX:EAX by src (EAX=Quo,

EDX=Rem)

From http://pdos.csail.mit.edu/6.828/2006/readings/i386/toc.htm

for (j=n-1;j>0;
{ =j-1

{if (

)
0k=k-1)

=1
LIST[k] > LIST[j])

{ TEMP = LIST[k];

LISTIK] = LIST(j];
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LIST[j] = TEMP;
}
}
}
LEA EAXLIST Load list pointer base
MoV EDIN register (EAX), and initialize
DEC EDI outer loop index register
(EDI) to j=n-1.
OUTER: MOV ECX,EDI Initialize inner loop index
DEC ECX register (ECX) to k= j— 1.
MOV DL,[EAX +EDI] Load LIST(j) into register DL.
INNER: CMP [EAX + ECX],DL Compare LIST(k) to LIST(j).
JLE NEXT If LIST(k) < LIST(j), goto
next lower k index entry;
XCHG [EAX + ECX],DL Otherwise, interchange LIST(k)
and LIST(j), leaving
MOV [EAX + EDI],DL new LIST(j) in DL.
NEXT: DEC ECX Decrement inner loop index k.
JGE INNER Repeat or terminate inner loop.
DEC EDI Decrement outer loop index j.
JG OUTER Repeat or terminate outer loop.
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Linked list (insert)

Subroutine
INSER TION: MOV  RNEWID,[RNEWREC]
CMP  RHEAD,0 Check if list empty.
JG HEAD
MOV  RHEAD,RNEWREC If yes, new record becomes
RET one-entry list.
HEAD: CMP RNEWID,[RHEAD] Check if new record
becomes head.
JG SEARCH
MOV  [RNEWREC+4],RHEAD If yes, make new record
MOV  RHEAD,RNEWREC the head.
RET
SEARCH:; MOV  RCURRENT,RHEAD Otherwise, use
LOOPSTART: MOV RNEXT,[R CURRENT+4] RCURRENT
CMP  RNEXT,0 and RNEXT
JE TAIL to move through
CMP RNEWID,[RNEXT] the list to find
JL INSERT the insertion point.
MOV RCURRENT,RNEXT
JMP LOOPSTART
INSERT: MOV  [RNEWREC+4],RNEXT
TAIL: MOV  [RCURRENT+4],RNEWREC

Figure 3.51. An IA-32 subroutine for inserting a new record into a linked list.
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2. Single Bus Structure

Processor Memory

Bus \ |

1/0 device 1

1/0 device n

A
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Linked List (delete)

Subroutine

DELETION: CMP  RIDNUM,[RHEAD] Ched if head.
JGT  SEARCH
MOV  RHEAD,[RHEAD+4] If yes, remove.
RET

SEARCH: MOV  RCURRENT,RHEAD Otherwise,

LOOPSTART: MOV  RNEXT,[RCURRENT+4] useRCURRENT
CMP  RIDNUM,[RNEXT] and RNEXT
JEQ DELETE to move through
MOV RCURRENT,RNEXT the list to

JMP  LOOPSTART find the record.

DELETE: MOV RTEMP ,[RNEXT+4]
MOV  [RCURRENT+4],REMP
RET

Figure 3.52. An IA-32 subroutine for deleting a record from a linked list.
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A

* Memory mapped I/O — devices and
memory share the same address space

* 1A-32 can use memory mapped I/O and/or
16-bit I/O address space

Addressing

A
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Input/Output Organization
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I/0O Interface

Address line
Bus { Data lines
Control lines
Address Control Data and 110
decoder circuits status registers interface
Input device

Figure 4.2. 1/O interface for an input device.
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DATAIN

Example
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A

Overlap printing and

Interrupt Example

Program 1
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Program 2

DATAOUT

STATUS DIRQ ' KIRQ ' SOUT | SIN

CONTROL DEN | KEN

Figure 4.3. Registers in keyboard and display interfaces.

computing COMPUTE routine PRINT routine
When printer ready,
sends an interrupt

request 1

This causes 2

COMPUTE execution 0

to be suspended and  interrupt .

the interrupt routine occurs —e= | .
PRINT to gain control ~ here ., :
PRINT interrupt

routine ?xecuted and .
returns from the M

interrupt L1
COMPUTE execution
continued
Has similarities with
subroutine execution

Figure 4.5. Transfer of control through the use of interrupts.
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E.  Sample Program

Move #LINE,RO Initialize memory pointer.
WAITK  TestBit #0,STATUS Test SIN.
Branch=0  WAITK Wait for characterto be entered.
Move DATAIN,R1 Readcharacter.
WAITD  TestBit #1,STATUS Test SOUT.

Wait for display to becomeready
Move R1,DATAOUT Sendcharacterto display.

Move R1,(RO)+ Store characterandadwance pointer.
Compare  #$0D,R1 Ched if Carriage Return.
Branh=0  WAITK If not, get anothercharacter.
Move #30A,DATAOUT  Otherwise,sendLine Feed.

Call PROCESS Call a subroutineto process
theinput line.

Branch=0 WAITD

+ This is an example of program controlled-10
* The processor polls the device
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2. Interrupt Routines

* Interrupt-service routine

— Interrupt request occues during execution of
instruction i

— Processor first completes execution of i

— Current PC pushed

— Loads program counter with address of interrupt
service routine (ISR) say at a fixed address

— ISR runs and finally executes a return from interrupt
instruction

— PC popped to return to normal execution
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2. Interrupts

* Polling does not allow for processor to do
other things while it tests the device’s
status register
— Could be doing other things

 Better to be interrupted when an event
takes place e.g. when printer becomes
ready
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B ISR

» The ISR must inform device that the interrupt
request has been serviced

» Done through the device registers
— Implicitly by say reading data that is available
— Or explicitly by changing some status register

* ISR must also save and restore any registers
that it uses or program that was interrupted
would not work when we return to it

* The ISR must be short as possible to minimize
interrupt latency
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2. Interrupt Hardware B Interrupt model
» Need to be able to handle an unknown number of » Device raises interrupt request
possible interrupting devices » Processor interrupts program currently being accessed
* INTR =INTR1 or INTR2 or ... INTR n « Interrupts disabled by clearing PS bit (except in the case
y of edge-triggered interrupts)
— “ + Device is informed that its request has been recognised
. by ISR. In response it deactivates its interrupt request
= » Action requested by interrupt performed in the ISR
INTR 0] « Interrupts enabled and execution of interrupted program
G— INTR1 Ij— INTR2 «ws I:} INTRn resumed
Figure 4.6.An equivalent circuit for an open-drain bus used
1o implement 8 common interruot-request line.
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X2_  Enable and Disable

» Sometimes need to ensure that interrupts

cannot occur

— May need to assign priorities e.g. high priority
interrupts cannot be interrupted by low priority
ones

— Ensure that an active request doesn’t lead to
an infinite loop

— Interrupt routines may need to access data
structures and ensure they do not get
interrupted while doing so

i3 Multiple Devices

» What is multiple devices can interrupt processor?
— How does the processor recognize which device is causing the
interrupt?
— How does it know which ISR to execute?
— Can interrupts interrupt ISRs?
— How do we handle simultaneous interrupt requests?
» Simple solution

— Poll every possible interrupting device and check if status bit
indicates something is to be done and then service it

— Advantage: simple
— Disadvantage: slow

TS @
8 Avoiding Infinite

interrupt loops
» Can be handled by

— Ignoring interrupts until after 1st instruction of ISR
« Interrupt disable instruction is first instruction
* No further interrupts can occur

« Controlled by 1 bit in the processor-status (PS) register,
when 1 will process interrupts, when 0 disables them

« Set to 1 after the return from interrupt instruction
— Processor automatically disable interrupts before
starting ISR
— Edge triggered interrupts. Processor receives one
interrupt request per activation of the hardware
interrupt line
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B Vectored Interrupts

* Interrupting device sends a code over the
data bus to identify itself

* Processor jumps to a table of addresses,
indexed by the interrupt-vector code
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2 Interrupt nesting B Example

* Interrupts usually assigned priorities » Suppose

— e.g. real-time clock (RTC) interrupt must respond before the next — Processor uses vectored interrupts
one whereas a keyboard interrupt has no such constraint — Starting address of ISR stored at INTVEC in memory
— RTC should have higher priority — Interrupts enabled by setting bit 9 (the IE bit) in the processor

+ During execution of an ISR, interrupts only accepted status word
from higher priority devices — Keyboard and display devices are connected to the processor

+ Special priority arbitration hardware is used for this oATAN
purpose

5 i,_l INTR1 TNTRp
2 STATUS DIRQ | KIRQ | SoUT | SIN
§ Device 1 Device 2 s Devicep
& _l - I ] o conTR oL ven | Ken
Pnoritéracrlﬁ)ii‘vation Figure 4.3. Registers in k eyboard and display interf aces.
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2. Priority Schemes B Example

* Priority is 5 TNTR » Toinitialise the ISR
deéerm'f”ed”by i ‘ ‘ _ Load starting address of ISR to INTVEC
OICenolpaling WA T Deviee! Device [ =ta == Bevieen — Load address LINE to PNTR (input chars will be stored here)

. Il:')\la_ll_sAysclgﬁg},(mﬁ/ N — Enable keyboard interrupts (set bit 2 in register CONTROL)
passed on if the - Eg?ble processor interrupts (set IE bit in processor status word
device does not TNTR1
have a request + ISR

— Uses fewest wires | 5 A Device Device —— — Read input character from keyboard input register (will cause the
but slower than ... & 2 2 interface circuit to remove interrupt request)

 Priority groups = NTRp - : — Store character to location PNTR and increment PNTR
(most common in ‘ — When end of the line reached, disable keyboard interrupts and
modern high WiRp S| Deviee = Device ——= inform program Main
speed processors) iy atiraion — Return from interrupt

(b) Arrangement of priority groups.
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2. Interrupt Device Requests i3 Example

» A bit in the status flag that can be Tt
set/cleared in software enables/disables e GBI B i
interrupts B Jore T aamemeena i ho PS.

In terrupt-service  routine

READ  MoveMultiple  RO-R1, - (SP) Save registers RO and R1on stack.
Move PNTR,RO Load address pointer.
MoveByte DATAIN,R1 Get input character and
MoveByte R1,(RO)+ store it in memory .
Move RO,PNTR Update pointer.
CompareByte ~ #$0D,R1 Check if Carriage Return.
Branch#0 RTRN
Move #1,EOL Indicate end of line.
BitClear #2,CONTR OL Disable keyboard interrupts.
RTRN  MoveMultiple  (SP)+,RO-R1 Restore registers RO and R1.

Return-from-in _terrupt




