Lesson No.31

Multitasking Kernel as TSR

The above examples had the multitasking code and the multitasked code in one program. Now we separate the multitasking kernel into a TSR so that it becomes an operation system extension. We hook a software interrupt for the purpose of registering a new thread.
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	; multitasking kernel as a TSR
[org 0x0100]

              jmp start

; PCB layout:
; ax,bx,cx,dx,si,di,bp,sp,ip,cs,ds,ss,es,flags,next,dummy

;  0, 2, 4, 6, 8,10,12,14,16,18,20,22,24,  26 , 28 ,  30

pcb:          times 32*16 dw 0        ; space for 32 PCBs
stack:        times 32*256 dw 0       ; space for 32 512 byte stacks
nextpcb:      dw   1                  ; index of next free pcb
current:      dw   0                  ; index of current pcb
;;;;; COPY LINES 133-192 FROM EXAMPLE 11.2 (timer) ;;;;;
; software interrupt to register a new thread

; takes parameter block in ds:si

; parameter block has cs, ip, ds, es, and param in this order
initpcb:      push ax

              push bx

              push cx

              push di

              mov  bx, [cs:nextpcb]   ; read next available pcb index
              cmp  bx, 32             ; are all PCBs used
              je   exit               ; yes, exit
              mov  cl, 5              

              shl  bx, cl             ; multiply by 32 for pcb start
              mov  ax, [si+0]         ; read code segment parameter
              mov  [cs:pcb+bx+18], ax ; save in pcb space for cs 
              mov  ax, [si+2]         ; read offset parameter
              mov  [cs:pcb+bx+16], ax ; save in pcb space for ip
              mov  ax, [si+4]         ; read data segment parameter
              mov  [cs:pcb+bx+20], ax ; save in pcb space for ds 
              mov  ax, [si+6]         ; read extra segment parameter
              mov  [cs:pcb+bx+24], ax ; save in pcb space for es
              mov  [cs:pcb+bx+22], cs ; set stack to our segment
              mov  di, [cs:nextpcb]   ; read this pcb index
              mov  cl, 9              
              shl  di, cl             ; multiply by 512 
              add  di, 256*2+stack    ; end of stack for this thread
              mov  ax, [si+8]         ; read parameter for subroutine
              sub  di, 2              ; decrement thread stack pointer
              mov  [cs:di], ax        ; pushing param on thread stack
              sub  di, 4              ; space for far return address

              mov  [cs:pcb+bx+14], di ; save di in pcb space for sp
              mov  word [cs:pcb+bx+26], 0x0200 ; initialize flags

              mov  ax, [cs:pcb+28]    ; read next of 0th thread in ax
              mov  [cs:pcb+bx+28], ax ; set as next of new thread
              mov  ax, [cs:nextpcb]   ; read new thread index   

              mov  [cs:pcb+28], ax    ; set as next of 0th thread
              inc  word [cs:nextpcb]  ; this pcb is now used

exit:         pop  di

              pop  cx

              pop  bx

              pop  ax

              iret
start:        xor ax, ax

              mov es, ax              ; point es to IVT base
              mov word [es:0x80*4], initpcb

              mov [es:0x80*4+2], cs   ; hook software int 80
              cli

              mov word [es:0x08*4], timer

              mov [es:0x08*4+2], cs   ; hook timer interrupt
              sti

              mov dx, start

              add dx, 15

              mov cl, 4

              shr dx, cl
              mov ax, 0x3100          ; terminate and stay resident
              int 0x21             


The second part of our example is a simple program that has the threads to be registered with the multitasking kernel using its exported services.
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	; multitasking TSR caller
[org 0x0100]

              jmp start

; parameter block layout:

; cs,ip,ds,es,param

;  0, 2, 4, 6,  8
paramblock:   times 5 dw 0            ; space for parameters 
lineno:       dw   0                  ; line number for next thread
;;;;; COPY LINES 028-071 FROM EXAMPLE 10.1 (printnum) ;;;;;
; subroutine to be run as a thread

; takes line number as parameter
mytask:       push bp

              mov  bp, sp

              sub  sp, 2              ; thread local variable
              push ax

              push bx

              mov  ax, [bp+4]         ; load line number parameter
              mov  bx, 70             ; use column number 70
              mov  word [bp-2], 0     ; initialize local variable 
printagain:   push ax                 ; line number 
              push bx                 ; column number 
              push word [bp-2]        ; number to be printed
              call printnum           ; print the number 
              inc  word [bp-2]        ; increment the local variable
              jmp  printagain         ; infinitely print
              pop  bx

              pop  ax

              mov  sp, bp

              pop  bp

              retf

start:        mov  ah, 0              ; service 0 – get keystroke
              int  0x16               ; bios keyboard services
              mov  [paramblock+0], cs ; code segment parameter
              mov  word [paramblock+2], mytask ; offset parameter
              mov  [paramblock+4], ds ; data segment parameter
              mov  [paramblock+6], es ; extra segment parameter
              mov  ax, [lineno]       
              mov  [paramblock+8], ax ; parameter for thread
              mov  si, paramblock     ; address of param block in si
              int  0x80               ; multitasking kernel interrupt
              inc  word [lineno]      ; update line number
              jmp  start              ; wait for next key


We introduce yet another use of the multitasking kernel with this new example. In this example three different sort of routines are multitasked by the same kernel instead of repeatedly registering the same routine.
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	; another multitasking TSR caller
[org 0x0100]

              jmp start

; parameter block layout:

; cs,ip,ds,es,param

;  0, 2, 4, 6,  8
paramblock:   times 5 dw 0            ; space for parameters 
lineno:       dw   0                  ; line number for next thread
chars:        db '\|/-'               ; chracters for rotating bar
message:      db 'moving hello'       ; moving string
message2:     db '            '       ; to erase previous string
messagelen:   dw 12                   ; length of above strings

;;;;; COPY LINES 028-071 FROM EXAMPLE 10.1 (printnum) ;;;;;
;;;;; COPY LINES 073-114 FROM EXAMPLE 10.1 (printstr) ;;;;;
; subroutine to run as first thread

mytask:       push bp

              mov  bp, sp

              sub  sp, 2              ; thread local variable
              push ax

              push bx

              xor  ax, ax             ; use line number 0
              mov  bx, 70             ; use column number 70
              mov  word [bp-2], 0     ; initialize local variable 
printagain:   push ax                 ; line number 
              push bx                 ; column number 
              push word [bp-2]        ; number to be printed
              call printnum           ; print the number 
              inc  word [bp-2]        ; increment the local variable
              jmp  printagain         ; infinitely print
              pop  bx

              pop  ax

              mov  sp, bp

              pop  bp

              retf

; subroutine to run as second thread

mytask2:      push ax

              push bx

              push es

              mov  ax, 0xb800

              mov  es, ax             ; point es to video base

              xor  bx, bx             ; initialize to use first shape

rotateagain:  mov  al, [chars+bx]     ; read current shape
              mov  [es:40], al        ; print at specified place
              inc  bx                 ; update to next shape
              and  bx, 3              ; take modulus with 4
              jmp  rotateagain        ; repeat infinitely
              pop  es

              pop  bx

              pop  ax

              retf

; subroutine to run as third thread
mytask3:      push bp

              mov  bp, sp

              sub  sp, 2              ; thread local variable
              push ax

              push bx

              push cx

              mov  word [bp-2], 0     ; initialize line number to 0
nextline:     push word [bp-2]        ; line number
              mov  bx, 50             
              push bx                 ; column number 50
              mov  ax, message

              push ax                 ; offset of string
              push word [messagelen]  ; length of string
              call printstr           ; print the string
              mov  cx, 0x100           
waithere:     push cx                 ; save outer loop counter
              mov  cx, 0xffff          
              loop $                  ; repeat ffff times
              pop  cx                 ; restore outer loop counter
              loop waithere           ; repeat 0x100 times
              push word [bp-2]        ; line number 
              mov  bx, 50             ; column number 50
              push bx  
              mov  ax, message2    

              push ax                 ; offset of blank string
              push word [messagelen]  ; length of string
              call printstr           ; print the string 
              inc  word [bp-2]        ; update line number
              cmp  word [bp-2], 25    ; is this the last line
              jne  skipreset          ; no, proceed to draw
              mov  word [bp-2], 0     ; yes, reset line number to 0
skipreset:    jmp  nextline           ; proceed with next drawing
              pop  cx

              pop  bx

              pop  ax

              mov  sp, bp

              pop  bp

              retf

start:        mov  [paramblock+0], cs ; code segment parameter
              mov  word [paramblock+2], mytask ; offset parameter
              mov  [paramblock+4], ds ; data segment parameter
              mov  [paramblock+6], es ; extra segment parameter
              mov  word [paramblock+8], 0 ; parameter for thread
              mov  si, paramblock     ; address of param block in si
              int  0x80               ; multitasking kernel interrupt
              mov  [paramblock+0], cs ; code segment parameter
              mov  word [paramblock+2], mytask2 ; offset parameter
              mov  [paramblock+4], ds ; data segment parameter
              mov  [paramblock+6], es ; extra segment parameter
              mov  word [paramblock+8], 0 ; parameter for thread
              mov  si, paramblock     ; address of param block in si
              int  0x80               ; multitasking kernel interrupt
              mov  [paramblock+0], cs ; code segment parameter
              mov  word [paramblock+2], mytask3 ; offset parameter
              mov  [paramblock+4], ds ; data segment parameter
              mov  [paramblock+6], es ; extra segment parameter
              mov  word [paramblock+8], 0 ; parameter for thread
              mov  si, paramblock     ; address of param block in si
              int  0x80               ; multitasking kernel interrupt
              jmp $


Exercises

1. Change the multitasking kernel such that a new two byte variable is introduced in the PCB. This variable contains the number of turns this process should be given. For example if the first PCB contains 20 in this variable, the switch to second process should occur after 20 timer interrupts (approx one second at default speed) and similarly the switch from second to third process should occur after the number given in the second process’s PCB. 

2. Change the scheduler of the multitasking kernel to enque the current process index a ready queue, and dequeue the next process index from it, and assign it to current. Therefore the next field of the PCB is no longer used. Use queue functions from Exercise 5.XX.

3. Add a function in the multitasking kernel to fork the current process through a software interrupt. Fork should allocate a new PCB and copy values of all registers of the caller’s PCB to the new PCB. It should allocate a stack and change SS, SP appropriately in the new PCB. It has to copy the caller’s stack on the newly allocated stack. It will set AX in the new PCB to 0 and in the old PB to 1 so that both threads can identify which is the creator and which is the created process and can act accordingly.
4. Add a function in the multitasking kernel accessible via a software interrupt that allows the current process to terminate itself. 
5. Create a queue in the multitasking kernel called kbQ. This queue initially empty will contain characters typed by the user. Hook the keyboard interrupt for getting user keys. Convert the scan code to ASCII if the key is from a-z or 0-9 and enque it in kbQ. Ignore all other scan codes. Write a function checkkey accessible via a software interrupt that returns the process in AX a value removed from the queue. It waits if there is no key in the queue. Be aware of enabling interrupts if you wait here.

6. Modify the multitasking kernel such that the initial process displays at the last line of the screen whatever is typed by the user and clears that line on enter. If the user types quit followed by enter restore everything to normal as it was before the multitasking kernel was there. If the user types start followed by enter, start one more rotating bar on the screen. The first rotating bar should appear in the upper left, the next in the second column, then third and so on. The bar color should be white. The user can type the commands ‘white’, ‘red’, and ‘green’ to change the color of new bars.

