题号：A1
Allocation (10 points)
There are some unallocated memory and heap, as shown below. Heap is organized as a sequence of contiguous allocated and free blocks. Allocated blocks are shaded, and free blocks are blank (each block represents 1 word = 4 bytes). Headers and footers are labeled with the number of bytes and allocated bit. The allocator maintains double-word alignment. You are given the execution sequence of memory allocation operations (i.e., malloc() or free()) from 1 to 6. 
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1. malloc(5)

2. free(P1)

3. malloc(3)

4. free(P2)

5. malloc(7)

6. free(P3)

Please answer the questions below. Assume that immediate coalescing strategy and splitting free blocks are employed.

1. Assume first-fit algorithm is used to find free blocks. Calculate the total bytes of the internal fragments and the maximum continues space one can allocate after executing 1~6 without extending the heap. (2’*2=4’)

Total internal Fragments __[1]__

Maximum continues space __[2]__
2. Assume Best-fit algorithm is used to find free blocks. Calculate the total bytes of the internal fragments and the maximum continues space one can allocate after executing 1~6 without extending the heap. (2’*2=4’)

Total internal Fragments __[3]__

Maximum continues space __[4]__
3. What will happen if we call malloc(64) after executing 1~6? Please describe the behavior of malloc in such a case. (2’)  __[5]__
题号：A2
Replacement Policy (10 points)

Assume we have a primary device with 3 physical blocks, please complete the following questions.
1. Suppose we are using LRU replacement policy, please complete the following table. (NOTE: you do not need to consider the order of primary device contents). (1’*5=5’)

	Reference String
	1
	4
	5
	3
	1
	5
	1
	8

	Device Content
	1

-

-
	1

4

-
	1

4

5
	[1]
	[2]
	[3]
	[4]
	[5]


2. Suppose we are using clock algorithm with the following rules:

· The clock pointer points to position 0 initially.

· We do not reset the clock pointer after we have found an evict page, so next time we start from the position after previous victim.

· Each page brought in were set as accessed initially.

Please complete the following table. (NOTE: use “*” to represent current clock pointer). (0.5’*10=5’)

	Reference String
	1
	4
	5
	3
	1
	5
	1
	8

	Device Content
	1

*

-
	1

4

*
	1*

4

5
	[6]
	[8]
	[10]
	[12]
	[14]

	Reference Bit
	1

0

0
	1

1

0
	1

1

1
	[7]
	[9]
	[11]
	[13]
	[15]


题号：B1 
Cache (14 points)

Assume we have a 64-bit machine with a 2-way set associative cache. There are 8 sets, and each block is 8 bytes. LRU policy is used for eviction and write back policy is used. 

One of the TA write a program and test it on this cache. The size of int type is 4 bytes. The cache is empty before the execution of the program. Please only consider data cache access and ignore instruction cache access. Other processes will not interfere status of memory and cache during this execution. (NOTE: Contents in buffers WON’T be saved in registers. That means, all operations to these buffers will cause memory accesses.)
	1. int buf1[8][8][4];

2. int buf2[8][8][4];

3. void func(void) {

4.    int i, j, k;

5.    for (int j = 0; j < 8; j++) {

6.       for (int k = 0; k < 4; k++) {

7.          for (int i = 0; i < 8; i++) {

8.             buf2[i][j][k] = buf1[i][j][k];

9.             buf2[i][j][k] = buf2[i][j][k] + 1;
10.          }

11.       }

12.    }
13. }


Assume the address of buf1[0][0][0] is 0x0. The address of buf2[0][0][0] is 0x400. Answer the following questions:

1. How would a 64-bit physical memory address be split into tag/set-index/block-offset fields in this machine? (2’*3=6’)
tag __[1]__ bits      set-index __[2]__ bits      block-offset __[3]__ bits
2. Please calculate the cache miss rate for func().(2’)
3. Assume the cache hit time is 4 cycles, miss penalty is 200 cycles. Please calculate the average access time for func(). (2’)
4. How to reduce the cache miss rate through reordering codes between line 7 and 9? Please write i, j, k in the optimized order and calculate the cache miss rate. (2’*2=4’)

题号：B2 
Memory (14 points)
	1. #define BUF_SIZE (16*4096)

2. int main(void) {

3.    int fd1 = open(“ics.txt”, O_RDWR);

4.    int fd2 = open(“ics2.txt”, O_RDWR);

5.    char *sbuf = mmap(0, BUF_SIZE, PROT_READ | PROT_WRITE,

6.                        MAP_SHARED, fd1, 0);

7.    char *pbuf = mmap(0, BUF_SIZE, PROT_READ | PROT_WRITE,

8.                        MAP_PRIVATE, fd2, 0);

9.    for (int i = 0; i < BUF_SIZE; i++) {

10.       pbuf[i] = pbuf[i] + sbuf[i];

11.    }

12.    if (fork() == 0) [

13.       sbuf[0]++;

14.       pbuf[0]*=2;

15.    } 

16.    printf(“pbuf[0] = %d\n”, (int)pubf[0]);

17.    printf(“sbuf[0] = %d\n”, (int)sbuf[0]);

18.    return 0;

19. }


We have the following assumptions:

· The program runs on an Intel x86_64 Linux system.

· Sizes of file ics.txt and ics2.txt are both larger than BUF_SIZE.

· Before the execution, ics.txt is filled with 0x1 while ics2.txt is filled with 0x4 for each byte.

· After fork, the child process is always executed first.

· Only after the child process exits, the parent process will continue to execute.

· After setting MAP_SHARED flag, updates to the shared mapping area will be immediately synchronized to the file.

· After setting MAP_PRIVATE flag, the changes made to the file after mmap() call and before copy-on-write are visible to the mapped area. The modification on the mapped area will cause a copy-on-write (COW) mapping.

· The address of sbuf is 0x1ffc0000000. The address of pbuf is 0x1ffc0040000.

· You don’t need to consider page faults on the stack or code.
1. How many page fault exceptions are raised between line 11 and 13? How many page faults are caused by COW? (2’*2=4’)
Total page faults: __[1]__      
 COW: __[2]__
2. After the execution, what’s the output of parent and child process? (2’*4=8’)
PARENT:
pbuf[0] = __[3]__




sbuf[0] = __[4]__

CHILD:
pbuf[0] = __[5]__




sbuf[0] = __[6]__

3. After execution, what will we get if we read a byte in ics2.txt from beginning? (2’)

题号：C1
Optimization (26 points)

In mathematics, convolution is a mathematical operation on two functions (signal and kernel) that produces a third function (result) expressing how the shape of one is modified by the other.
	typedef struct {

    double *data;

    size_t datalen;

} data_t;

size_t get_data_len(data_t *data) { return data->datalen; }

double get_data_ele(data_t *data, int i) { return data->data[i]; }

double *get_data_start(data_t *data) { return data->data; }

void conv1(data_t *signal, data_t *kernel, double *result, size_t *len) {

   int i = 0;

   for (*len = 0;

         *len < get_data_len(signal) + get_data_len(kernel) - 1;

         *len = *len + 1) {

      result[*len] = 0;

      for (i = ((*len >= (get_data_len(kernel) – 1)) ? 

                  (*len - (get_data_len(kernel) - 1)) : 0);

            i < ((*len < (get_data_len(signal) – 1)) ?

                  (*len + 1) : get_data_len(signal));

            i++) {

         result[*len] += get_data_ele(signal, i) *

                            get_data_ele(kernel, (*len) - i);

      }

   }

}


1. Here is an implementation of conv1 which has performance issues. Please rewrite the function use 4 different optimizations you have learned in class. You need to COMMENT briefly on the optimizations. (4’*4=16’) 
NOTE: your optimizations cannot change the functionality of conv1.

2. Suppose we have another operation combine which simply combine the two functions (signal and kernel) with same length into the third function. The assembly of combine is given below. The latency and issue time characteristics of reference machine operations are provided below. Please describe when will the combine has the minimal CPE and maximal CPE and what is it? (5’*2=10’) 

	void combine(struct data *signal, struct data *kernel, 
                double *result){

    double *signal_data = get_data_start(signal);

    double *kernel_data = get_data_start(kernel);

    size_t kernel_len = get_data_len(kernel);

size_t signal_len = get_data_len(signal);

    if (signal_len != kernel_len)

       exit(-EINVAL);

    for (int i = 0; i < (int)signal_len; i++)

       result[i] = signal_data[i] * kernel_data[i];

}

	
movl
$0, %ecx

LBB3_3:


movsd
(%r15,%rcx,8), %xmm0


mulsd
(%rbx,%rcx,8), %xmm0


movsd
%xmm0, (%r14,%rcx,8)


incq
%rcx


cmpq
%rcx, %rax


jne
    LBB3_3


	operation
	Integer
	double-precision

	
	latency
	issue
	latency
	issue

	addition
	1
	1
	3
	1

	multiplication
	3
	1
	5
	1

	load/store
	3
	1
	3
	1


题号：C2
Address Translation (26 points)

Assume we have a machine with the following specifications:

· The memory is byte-addressable
· The memory accesses are to 1-byte words (not 4-byte words)
· The system uses a two-level page table
· Each page is 1024 bytes
· The size of one page table equals to the size of page
· Length of each PTE is 8 bytes
· PPN is 10 bits wide
· The TLB is 4-way set associative with 16 total entries
· The following figure shows the format of virtual address:

	VPN-1
	VPN-2
	VPO


1. Warm-up questions. (2’*5=10’)

	The number of PTEs in one page table
	[1]

	The VPO bits
	[2]

	The virtual address bits
	[3]

	The physical address bits
	[4]

	The TLB tag bits
	[5]


2. Contents of TLB are given below. All numbers are in hexadecimal. Refer to the given information and fill in the blanks. If the value is unknown or meaningless, enter “--” for them. NOTE: Accesses are independent, you don’t need to consider TLB eviction after previous accesses. Besides, you don’t need to consider cache here. 
	Set
	Tag
	PPN
	Valid
	Tag
	PPN
	Valid

	0
	7dd
	ee
	0
	f2
	2d0
	1

	
	--
	--
	--
	4ca
	9f
	1

	1
	83b
	ac
	1
	189
	44
	0

	
	37e
	43
	1
	33d
	18a
	1

	2
	3d
	2f
	0
	5e
	3b
	1

	
	4c3
	19e
	0
	--
	--
	--

	3
	f28
	233
	1
	--
	--
	--

	
	d4c
	3f
	1
	37e
	1f8
	0


Please translate virtual addresses given below to physical addresses.(2’*8=16’)

	Parameter
	Value

	Virtual Address
	0x37ec48

	TLB Tag
	0x__[6]__

	TLB Hit? (Y/N)
	__[7]__

	Page Fault? (Y/N)
	__[8]__

	Physical Address
	0x__[9]__


	Parameter
	Value

	Virtual Address
	0xf23f3

	TLB Tag
	0x__[10]__

	TLB Hit? (Y/N)
	__[11]__

	Page Fault? (Y/N)
	__[12]__

	Physical Address
	0x__[13]__


题号：D1 
Relocation (21 points)

The following program consists of three source files: main.c, foo.c, and bar.c. The relocatable object files are also listed. (Suppose do linking on an x86-64 little-endian machine).
NOTE: On a x86-64 machine, sizeof(int)=4 and sizeof(long)=8.
	/*main.c*/

	1.  #include <stdio.h>

2.  extern int arr[6];

3.  int len = 6, a, b;

4.  int foo(void);

5.  extern int bar(int);

6.  int main(void) {

7.     a = foo();

8.    b = bar(len>>1);

9.    printf("%c%c\n", arr[a], arr[b]);

10.    return 0;

11. }

	.text:

0000000000000000 <main>:

 0: 48 83 ec 08              
sub    $0x8,%rsp

 4: e8 00 00 00 00          
callq  9 <main+0x9>

 9: 89 05 00 00 00 00       
mov    %eax,0x0(%rip)

 f: 8b 3d 00 00 00 00       
mov    0x0(%rip),%edi

15: d1 ff                     
sar    %edi

17: e8 00 00 00 00          
callq  1c <main+0x1c>

1c: 89 05 00 00 00 00       
mov    %eax,0x0(%rip)

...

	/*foo.c*/

	1.  long arr[6];

2.  int len, a, b = 'K';

3.  int foo(void) {

4.     int end = len >> 1;

5.     for (int i = 0; i < end; i++)

6.         arr[i] = b + i;

7.     return a;

8.  }

	.text:

0000000000000000 <foo>:

0: 8b 3d 00 00 00 00     

mov    0x0(%rip),%edi

6: d1 ff                   

sar    %edi

8: b8 00 00 00 00         

mov    $0x0,%eax

 d: eb 1c                   

jmp    2b <foo+0x2b>

 f: 89 c2                   

mov    %eax,%edx

11: 03 15 00 00 00 00     

add    0x0(%rip),%edx

17: 48 63 d2               

movslq %edx,%rdx

1a: 48 63 f0               

movslq %eax,%rsi

1d: 48 8d 0d 00 00 00 00 

lea    0x0(%rip),%rcx

24: 48 89 14 f1            

mov    %rdx,(%rcx,%rsi,8)

28: 83 c0 01               

add    $0x1,%eax

2b: 39 f8                   

cmp    %edi,%eax

2d: 7c e0                   

jl     f <foo+0xf>

2f: 8b 05 00 00 00 00     

mov    0x0(%rip),%eax

35: c3                       

retq

	/*bar.c*/

	1.  int arr[6] = {'A', 'B', 'C', 'D', 'E', 'F'};

2.  int len, a = 2, b;

3.  int bar(int a) {

4.     for (int i = a; i < len; i++)

5.        arr[i] = b + i;

6.     return a;

7.  }

	.text:

0000000000000000 <bar>:

 0:   89 f8                   
mov    %edi,%eax

 2:   89 fa                   
mov    %edi,%edx

 4:   eb 1b                   
jmp    21 <bar+0x21>

 6:   41 89 d0                
mov    %edx,%r8d

 9:   44 03 05 00 00 00 00   
add    0x0(%rip),%r8d

10:   48 63 f2                
movslq %edx,%rsi

13:   48 8d 0d 00 00 00 00   
lea    0x0(%rip),%rcx

1a:   44 89 04 b1             
mov    %r8d,(%rcx,%rsi,4)

1e:   83 c2 01                
add    $0x1,%edx

21:   39 15 00 00 00 00      
cmp    %edx,0x0(%rip)

27:   7f dd                   
jg     6 <bar+0x6>

29:   f3 c3                   
repz retq 


1. For symbols that are defined and referenced in main.o, please complete the symbol tables. The format of them are same as ones in section 7.5 of our book. (0.5’*12=6')

	Module
	Name
	Value(Hex)
	Size
	Type
	Bind
	Ndx

	main.o
	len
	00000000
	4
	OBJECT
	GLOBAL
	.data

	
	a
	00000004
	[1]
	[2]
	[3]
	[4]

	
	arr
	[5]
	[6]
	[7]
	GLOBAL
	[8]

	
	foo
	00000000
	[9]
	[10]
	[11]
	[12]


2. fill in the relocation entries of the .text section of main.o. (0.5*14=7')

Relocation entries of main.o
	Module
	Offset
	Type
	Symbol Name
	Addend

	main.o
	00000005
	R_X86_64_PC32
	[1]
	[2]

	
	0000000b
	[3]
	[4]
	[5]

	
	00000011
	[6]
	[7]
	[8]

	
	00000018
	[9]
	[10]
	[11]

	
	0000001e
	[12]
	[13]
	[14]


3. After relocation and the program is built, some changes will happen to the underlined instructions/data. Part of the symbol table and some comparison of relocations are given below. Fill in the blanks. (2’*4=8’)

	Name
	Section
	Type
	Value

	len
	.data
	OBJECT
	00201010

	a
	.data
	OBJECT
	00201020

	b
	.data
	OBJECT
	00201014

	arr
	.data
	OBJECT
	00201030

	main
	.text
	FUNC
	0000066a

	foo
	.text
	FUNC
	000006c2

	bar
	.text
	FUNC
	000006f8


Comparison of relocations
	Module
	Section
	Before relocation
	After Rel.

	main.o
	.text
	 4: e8 00 00 00 00
	[1]

	
	.text
	1c: 89 05 00 00 00 00
	[2]

	foo.o
	.text
	2f: 8b 05 00 00 00 00
	[3]

	bar.o
	.text
	13: 48 8d 0d 00 00 00 00
	[4]


题号：D2
Relocation (21 points)

The following program consists of three source files: main.c, foo.c, and bar.c. The relocatable object files are also listed. (Suppose do linking on an x86-64 little-endian machine).
NOTE: On a x86-64 machine, sizeof(int)=4 and sizeof(long)=8.
	/*main.c*/

	1.  #include <stdio.h>

2.  extern int arr[8];

3.  int len = 8, a, b;

4.  int foo(void);

5.  extern int bar(int);

6.  int main(void) {

7.     b = foo();

8.    b = bar(len>>1);

9.    printf("%c%c\n", arr[a+1], arr[b]);

10.    return 0;

11. }

	.text:

0000000000000000 <main>:

 0: 48 83 ec 08              
sub    $0x8,%rsp

 4: e8 00 00 00 00          
callq  9 <main+0x9>

 9: 89 05 00 00 00 00       
mov    %eax,0x0(%rip)

 f: 8b 3d 00 00 00 00       
mov    0x0(%rip),%edi

15: d1 ff                    
sar    %edi

17: e8 00 00 00 00          
callq  1c <main+0x1c>

1c: 89 05 00 00 00 00       
mov    %eax,0x0(%rip)

...

	/*foo.c*/

	1.  long arr[8];

2.  int len, a, b='L';

3.  int foo(void) {

4.     int end = len >> 1;

5.     for (int i = 0; i < end; i++)

6.        arr[i] = b + i;

7.     return b - a;

8. }

	.text:

0000000000000000 <foo>:

0: 8b 3d 00 00 00 00     

mov    0x0(%rip),%edi

6: d1 ff                   

sar    %edi

8: b8 00 00 00 00         

mov    $0x0,%eax

 d: eb 1c                   

jmp    2b <foo+0x2b>

 f: 89 c2                   

mov    %eax,%edx

11: 03 15 00 00 00 00     

add    0x0(%rip),%edx

17: 48 63 d2               

movslq %edx,%rdx

1a: 48 63 f0               

movslq %eax,%rsi

1d: 48 8d 0d 00 00 00 00 

lea    0x0(%rip),%rcx

24: 48 89 14 f1            

mov    %rdx,(%rcx,%rsi,8)

28: 83 c0 01               

add    $0x1,%eax

2b: 39 f8                   

cmp    %edi,%eax

2d: 7c e0                   

jl     f <foo+0xf>

2f: 8b 05 00 00 00 00     

mov    0x0(%rip),%eax

35: 2b 05 00 00 00 00       
sub    0x0(%rip),%eax

3b: c3                       

retq

	/*bar.c*/

	1.  int arr[8] = {'A', 'B', 'C', 'D', 'E', 'F', 'G', 'H'};

2.  int len, a = 3, b;

3.  int bar(int a) {

4.     int i;

5.     for (i = a + 1; i < len; i++)

6.        arr[i] = b - i;

7.     return i - 1;

8. }

	.text:

0000000000000000 <bar>:

 0:   8d 47 01                
lea    0x1(%rdi),%eax

 3:   eb 18                   
jmp    1d <bar+0x1d>

 5:   8b 15 00 00 00 00       
mov    0x0(%rip),%edx

 b:   29 c2                   
sub    %eax,%edx

 d:   48 63 f0                
movslq %eax,%rsi

10:   48 8d 0d 00 00 00 00   
lea    0x0(%rip),%rcx

17:   89 14 b1                
mov    %edx,(%rcx,%rsi,4)

1a:   83 c0 01                
add    $0x1,%eax

1d:   39 05 00 00 00 00       
cmp    %eax,0x0(%rip)

23:   7f e0                   
jg     5 <bar+0x5>

25:   83 e8 01                
sub    $0x1,%eax

28:   c3                      
retq


1. For symbols that are defined and referenced in main.o, please complete the symbol tables. The format of them are same as ones in section 7.5 of our book. (0.5*12=6')

	Module
	Name
	Value(Hex)
	Size
	Type
	Bind
	Ndx

	main.o
	len
	00000000
	4
	OBJECT
	GLOBAL
	.data

	
	a
	00000004
	[1]
	[2]
	[3]
	[4]

	
	arr
	[5]
	[6]
	[7]
	GLOBAL
	[8]

	
	foo
	00000000
	[9]
	[10]
	[11]
	[12]


2. fill in the relocation entries of the .text section of main.o. (0.5*14=7')

Relocation entries of main.o
	Module
	Offset
	Type
	Symbol Name
	Addend

	main.o
	00000005
	R_X86_64_PC32
	[1]
	[2]

	
	0000000b
	[3]
	[4]
	[5]

	
	00000011
	[6]
	[7]
	[8]

	
	00000018
	[9]
	[10]
	[11]

	
	0000001e
	[12]
	[13]
	[14]


3. After relocation and the program is built, some changes will happen to the underlined instructions/data. Part of the symbol table and some comparison of relocations are given below. Fill in the blanks. (2’*4=8’)

	Name
	Section
	Type
	Value

	len
	.data
	OBJECT
	00201010

	a
	.data
	OBJECT
	00201020

	b
	.data
	OBJECT
	00201014

	arr
	.data
	OBJECT
	00201040

	main
	.text
	FUNC
	0000066a

	foo
	.text
	FUNC
	000006c6

	bar
	.text
	FUNC
	00000702


Comparison of relocations
	Module
	Section
	Before relocation
	After Rel.

	main.o
	.text
	 4: e8 00 00 00 00
	[1]

	
	.text
	1c: 89 05 00 00 00 00
	[2]

	foo.o
	.text
	2f: 8b 05 00 00 00 00
	[3]

	bar.o
	.text
	10: 48 8d 0d 00 00 00 00
	[4]


题号：E1
CPU (29 points)

Suppose we are using the final pipeline implementation from Figure 4.52 in CSAPP book. Now, we want to add a new instruction: simply selective jump, ssjxx, to the original Y86-64 instruction set, using the following encoding:

	
	Byte
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	ssjxx
	
	E
	Fn
	rA
	F
	Dest


The Fn field is the same as that of jxx. For example, 0xE5 stands for ssjge. If the condition described by Fn is satisfied, we will jump to the address stored in Dest. We call this case as TAKEN. Otherwise, we will jump to rA. We call this case as NOT_TAKEN.

1. Please fill in the generic function of each stage for ssjxx like Figure 4.21 in CSAPP book. (1’*6=6’)

	Field
	ssjxx

	Fetch
	[1]

	Decode
	[2]

	Execute
	[3]

	Memory
	[4]

	Write Back
	[5]

	PC Update
	[6]


2. Suppose ssjxx reuse the same forwarding circuit for ret and jxx and TAKEN prediction strategies. The icode of ssjxx is ISSJXX. There will be some hazards due to this new instruction. Please list new detection conditions like Figure 4.64 and new control actions like Figure 4.66. Use “--” for no additional control action(“normal”). (1’*6=6’)
	Condition
	Trigger

	ssj misprediction
	[1]

	
	Pipeline register

	
	F
	D
	E
	M
	W

	
	[2]
	[3]
	[4]
	[5]
	[6]


3. Does ssjxx cause any new combinations of hazard? If there is, select one and fill in the pipeline states figure (see Figure 4.67) and list pipeline control action (see the table right next to Practice Problem 4.37). NOTE: we use TAKEN branch prediction strategies. You may write down those aren’t “—” (“normal”) and skip the rest. (8’)

	M
	[1]
	
	M
	[4]

	E
	[2]
	
	E
	[5]

	D
	[3]
	
	D
	[6]


	Condition
	Pipeline register

	
	F
	D
	E
	M
	W

	ssjxx
	[7]
	[8]
	[9]
	[10]
	[11]

	[12]
	[13]
	[14]
	[15]
	[16]
	[17]

	combination
	[18]
	[19]
	[20]
	[21]
	[22]


4. Given the frequency of instructions and the frequency these hazards arise. Please fill the table and calculate the CPI (cycles per instruction). (6’)
	Cause
	Instruction Frequency
	Condition frequency
	Bubbles
	Product

	Load/Use
	0.20
	0.2
	1
	[1]

	Mispredict jump
	0.10
	0.4
	2
	[2]

	Return
	0.01
	1.0
	3
	[3]

	Mispredict ssjxx
	0.20
	0.4
	[4]
	[5]


CPI= __[6]__
5. If we change format of ssjxx, which reads both two addresses from registers rather than one from a register and another from immediate number. Which design do you think is better? Why? (Hints: think about branch prediction in both designs.) (3’)

题号：E2
CPU (29 points)

Suppose we are using the final pipeline implementation from Figure 4.52 in CSAPP book. Now, we want to add a new instruction: simply selective jump, ssjxx, to the original Y86-64 instruction set, using the following encoding:

	
	Byte
	0
	1
	2
	3
	4
	5
	6
	7
	8
	9

	ssjxx
	
	E
	Fn
	rA
	F
	Dest


The Fn field is the same as that of jxx. For example, 0xE5 stands for ssjge. If the condition described by Fn is satisfied, we will jump to the address stored in Dest. We call this case as TAKEN. Otherwise, we will jump to rA. We call this case as NOT_TAKEN.

1. Please fill in the generic function of each stage for ssjxx like Figure 4.21 in CSAPP book. (1’*6=6’)

	Field
	ssjxx

	Fetch
	[1]

	Decode
	[2]

	Execute
	[3]

	Memory
	[4]

	Write Back
	[5]

	PC Update
	[6]


2. Suppose ssjxx reuse the same forwarding circuit for ret and jxx and TAKEN prediction strategies. The icode of ssjxx is ISSJXX. There will be some hazards due to this new instruction. Please list new detection conditions like Figure 4.64 and new control action like Figure 4.66. Use “--” for no additional control action (“normal”). (1’*6=6’)
	Condition
	Trigger

	ssj misprediction
	[1]

	
	Pipeline register

	
	F
	D
	E
	M
	W

	
	[2]
	[3]
	[4]
	[5]
	[6]


3. Does ssjxx cause any new combinations of hazard? If there is, select one and fill in the pipeline states figure (see Figure 4.67) and list pipeline control action (see the table right next to Practice Problem 4.37). NOTE: we use TAKEN branch prediction strategies. You may write down those aren’t “—” (“normal”) and skip the rest. (8’)

	M
	[1]
	
	M
	[4]

	E
	[2]
	
	E
	[5]

	D
	[3]
	
	D
	[6]


	Condition
	Pipeline register

	
	F
	D
	E
	M
	W

	[7]
	[8]
	[9]
	[10]
	[11]
	[12]

	ssjxx
	[13]
	[14]
	[15]
	[16]
	[17]

	combination
	[18]
	[19]
	[20]
	[21]
	[22]


4. Given the frequency of instructions and the frequency these hazards arise. Please fill the table and calculate the CPI (cycles per instruction). (6’)
	Cause
	Instruction Frequency
	Condition frequency
	Bubbles
	Product

	Load/Use
	0.30
	0.1
	1
	[1]

	Mispredict jump
	0.20
	0.4
	2
	[2]

	Return
	0.01
	1.0
	3
	[3]

	Mispredict ssjxx
	0.20
	0.3
	[4]
	[5]


CPI= __[6]__
5. If we change format of ssjxx, which reads both two addresses from registers rather than one from a register and another from immediate number. Which design do you think is better? Why? (Hints: think about branch prediction in both designs.) (3’)
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