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µPandOS

▶ µPandOS is an educational microkernel operating system

▶ evolution of AMIKaya and PandOS; they are also the
evolution of a long list of O.S. proposed for educational
purposes (PandOS+, Kaya, HOCA, TINA, ICARO, etc).

▶ µPandOS may be realized on the µMPS3 architecture or on
the µRISCV architecture (for the brave’s ones)

▶ Architecture based on six levels of abstraction, on the model
of the O.S. THE proposed by Dijkstra in one of his articles of
1968
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µMPS3

▶ Emulates a MIPS architecture (introduced in 1985)

▶ MIPS architecture is widely used in embedded systems

▶ Tool’s version 3 released in 2020

▶ Pros: tool tested and working, easy to install

▶ Cons: limited debugger
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µRISCV

▶ Emulates a RISC-V architecture (project started in 2010 and
it’s evolving)

▶ RISC-V architecture is fully open source

▶ Tool not yet fully tested and released

▶ Pros: debug with GDB

▶ Cons: no GUI (WIP), tool and toolchain need to be compiled
from source
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µPandOS: six levels of abstraction

Level 6: Interactive shell

Level 5: File system

Level 4: The Support LevelPhase 3

Level 3: The NucleusPhase 2

Level 2: The Queues ManagerPhase 1!

Level 1: ROM

Level 0: Hardware

Known
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µPandOS Phase 1 requests

▶ For this first phase, you have to add the functions requested,
and the test procedure must conclude correctly.

▶ Level 2 requirements are purely logical; it is not yet touched
the specific hardware of the emulator.

▶ You are provided with a .tar.gz file, that contains useful files
to begin with.
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The listx module

▶ A provided module, with a subset of functions of the Linux’s
list.h module

▶ It implements generic and type-oblivious lists

▶ Take a closer look to its content!!

struct list_head {

struct list_head *next;

struct list_head *prev;

}

next

prev

List

next

prev

List

example data

next

prev

List

example data

sentinel element
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Level 2 specs: PCB

▶ µPandOS level 2 (The Queues Manager) provides the
implementation of the data structures used from the level 3
(The Nucleus)

▶ The Process Control Block (PCB) represent a process in the
system.

▶ The queue manager implements PCB-related features:

- Allocation and Deallocation of PCBs.
- PCB Queue Management.
- PCB Tree Management.
- Management of incoming messages.

▶ ASSUMPTION: no more than MAXPROC (40) concurrent
processes in µPandOS
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PCB data structure
/* process table entry type */

typedef struct pcb_t

{

/* process queue */

struct list_head p_list;

/* process tree fields */

struct pcb_t *p_parent; /* ptr to parent */

struct list_head p_child; /* children list */

struct list_head p_sib; /* sibling list */

/* process status information */

state_t p_s; /* processor state */

cpu_t p_time; /* cpu time used by proc */

/* First message in the message queue */

struct list_head msg_inbox;

/* Pointer to the support struct */

support_t *p_supportStruct;

/* process id */

int p_pid;

} pcb_t, *pcb_PTR;
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PCB’s list

▶ PCBs can be organized into queues, called process queues
(e.g. active process queue).

▶ Each list is managed via list head fields.

▶ A list is identified by a sentinel element of type list head.

PCB PCB PCB PCB

SENTINEL ELEMENT
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PCB allocation

Main data structures:

▶ pcbFree h: free or not used PCBs’ list.

▶ pcbTable[MAXPROC]: array of PCBs with max size of
MAXPROC.
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PCB’s functions to implement

Allocation and Deallocation of PCBs:

1. void freePcb(pcb t *p): insert the element pointed to by
p onto the pcbFree list.

2. pcb t *allocPcb(): return NULL if the pcbFree list is
empty. Otherwise, remove an element from the pcbFree list,
provide initial values for ALL of the PCBs fields and then
return a pointer to the removed element. PCBs get reused, so
it is important that no previous value persist in a PCB when it
gets reallocated.

3. void initPcbs(): initialize the pcbFree list to contain all
the elements of the static array of MAXPROC PCBs. This
method will be called only once during data structure
initialization.
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PCB’s functions to implement

PCB Queue Management:

4. void mkEmptyProcQ(struct list head *head): this
method is used to initialize a variable to be head pointer to a
process queue.

5. int emptyProcQ(struct list head *head): return TRUE
if the queue whose head is pointed to by head is empty.
Return FALSE otherwise.

6. void insertProcQ(struct list head *head, pcb t

*p): insert the PCB pointed by p into the process queue
whose head pointer is pointed to by head.
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PCB’s functions to implement

7. pcb t *headProcQ(struct list head *head): return a
pointer to the first PCB from the process queue whose head is
pointed to by head. Do not remove this PCB from the
process queue. Return NULL if the process queue is empty.

8. pcb t *removeProcQ(struct list head *head): remove
the first (i.e. head) element from the process queue whose
head pointer is pointed to by head. Return NULL if the
process queue was initially empty; otherwise return the pointer
to the removed element.

9. pcb t *outProcQ(struct list head *head, pcb t *p):
remove the PCB pointed to by p from the process queue
whose head pointer is pointed to by head. If the desired entry
is not in the indicated queue (an error condition), return
NULL; otherwise, return p. Note that p can point to any
element of the process queue.

14 / 27



PCB’s trees

▶ In addition to the possibility of participating in a process
queue, PCBs can be organized into process trees.

▶ Each parent contains a pointer to the list of the children
(p child)

▶ Each child has a pointer to the parent (p parent) and a
pointer that connects the brothers to each other.

PCB

PCB PCB PCB

p child

p sib

p parent
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PCB’s functions to implement

PCB Tree Management:

10. int emptyChild(pcb t *p): return TRUE if the PCB
pointed to by p has no children. Return FALSE otherwise.

11. void insertChild(pcb t *prnt, pcb t *p): make the
PCB pointed to by p a child of the PCB pointed to by prnt.

12. pcb t *removeChild(pcb t *p): make the first child of the
PCB pointed to by p no longer a child of p. Return NULL if
initially there were no children of p. Otherwise, return a
pointer to this removed first child PCB.

13. pcb t *outChild(pcb t *p): make the PCB pointed to by
p no longer the child of its parent. If the PCB pointed to by p

has no parent, return NULL; otherwise, return p. Note that
the element pointed to by p could be in an arbitrary position
(i.e. not be the first child of its parent).
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Messages

▶ Access to resources occurs through message passing

▶ The Message Block (msg) represent a message in the system.
▶ The queue manager implements msg-related features:

- Allocation and Deallocation of msgs.
- Msg Queue Management.

▶ ASSUMPTION: no more than MAXMESSAGES (40)
concurrent messages in µPandOS.

typedef struct msg_t

{

/* message queue */

struct list_head m_list;

/* thread that sent this message */

struct pcb_t *m_sender;

/* the payload of the message */

unsigned int m_payload;

} msg_t, *msg_PTR;
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Messages allocation

Main data structures:

▶ msgFree h: free or not used msgs’ list.

▶ msgTable[MAXMESSAGES]: array of msgs with max size of
MAXMESSAGES.
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Msg’s functions to implement

Allocation and Deallocation of msgs:

1. void freeMsg(msg t *m): insert the element pointed to by
m onto the msgFree list.

2. msg t *allocMsg(): return NULL if the msgFree list is
empty. Otherwise, remove an element from the msgFree list,
provide initial values for ALL of the messages fields and then
return a pointer to the removed element. Messages get
reused, so it is important that no previous value persist in a
message when it gets reallocated.

3. void initMsgs(): initialize the msgFree list to contain all
the elements of the static array of MAXMESSAGES messages.
This method will be called only once during data structure
initialization.
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Msg’s functions to implement

Msg Queue Management:

4. void mkEmptyProcQ(struct list head *head): used to
initialize a variable to be head pointer to a message queue;
returns a pointer to the head of an empty message queue.

5. int emptyMessageQ(struct list head *head): returns
TRUE if the queue whose tail is pointed to by head is empty,
FALSE otherwise.

6. void insertMessage(struct list head *head, msg t

*m): insert the message pointed to by m at the end (tail) of
the queue whose head pointer is pointed to by head.
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Msg’s functions to implement

7. void pushMessage(struct list head *head, msg t

*m): insert the message pointed to by m at the head of the
queue whose head pointer is pointed to by head.

8. msg t *popMessage(struct list head *head, pcb t

*p ptr): remove the first element (starting by the head) from
the message queue accessed via head whose sender is p ptr.
If p ptr is NULL, return the first message in the queue.
Return NULL if the message queue was empty or if no
message from p ptr was found; otherwise return the pointer
to the removed message.

9. msg t *headMessage(struct list head *head): return a
pointer to the first message from the queue whose head is
pointed to by head. Do not remove the message from the
queue. Return NULL if the queue is empty.
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Suggestions

▶ There isn’t a single way to implement Phase 1’s functions.

▶ Use static methods and variables where possible.

▶ Lean to use a debugger: if you’re using uriscv, use gdb; if
you’re using umps3, use the embedded one (it has some
limitations).

▶ Get familiar with umps3
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umps3 GUI

Figure: Live Demo

23 / 27



Alternative tricks for debugging in umps3

▶ The provided file klog.c allows to “print” text and vars. On
your code use the klog print function, then on umps3 add
the klog buffer as a traced region.

▶ Create an empty function to simulate a break-point

#include "klog.c"

void bp() {}

void scheduler() {

...

klog_print("Sono arrivato qua\n");

bp();

...

}
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Setup tools

You need to install µMPS3.

For example in Debian 12: sudo apt install umps3

This will also install the cross-compiler toolchain package:
gcc-mipsel-linux-gnu
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Provided files

These file are provided in a .tar.gz:

▶ const.h: constant (MAXPROC, MAXMESSAGES, etc...)
definition file

▶ type.h: struct types (pcb t, msg t, etc...) definition file

▶ listx.h: functions and macros for list manipulation

▶ pcb.h: PCB header file

▶ msg.h: message header file

▶ pcb.c: write your implementation here

▶ msg.c: write your implementation here

▶ Makefile: file to compile your project

▶ p1test.c: test file
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Submission

The deadline is set for Sunday December 31, 2023 at 23:59.

Upload a single phase1.tar.gz in the folder associated to your
group with:

▶ All the source code with a Makefile

▶ Documentation

▶ README and AUTHOR files

Please comment your code!

We will send you an email with the hash of the archive, you should
check that everything is correct.

You will receive another email with the score out of 10.
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