Grade Policy for Term Project #21/2
Computer Architecture (IC502)

Spring, 1998

1. Overview

· Evaluation of the second phase of the simulator is based on the correctness and the quality of the presentation. This document describes how the correctness including trap operations will be checked. A test input assembly program will be used for that purpose. (pipe.asm) 
· Your simulator has to supply the console window so that the resulting messages from the program show up. When you are asked for an input, press "space" and “return." Trap instructions are assumed to incur four-clock penalty.
2. Basic and Modified Pipe

· The basic pipe has 3-clock penalty for a branch operation and the modified pipe has 1-clock penalty.
· The modified pipe, however, has additional data hazard besides the load stall. Since we moved the zero tester to ID stage, the pipeline interlock hardware should insert a stall for a branch followed by an ALU operation if the branch depends on the result of the ALU operation.
3. Branch Prediction
· The predict-not-taken scheme can be used both with the basic and modified pipe. However, since the basic pipe has 3-clock penalty for a branch operation, it is natural to apply the branch prediction scheme only with the modified pipe. 
· The modified pipe with the predict-not-taken scheme has 1-clock penalty for a taken branch, but a fall-through branch will incur no branch stalls. 
4. Branch Delay Slot

· If your simulator implements the branch delay slot, we have to revise the test program to fill the slots after branch operations “from above” or from other places. The resulting assembly program will, therefore, differ from the original one. For safety, we schedule the slots "from above" whenever possible. Otherwise, we fill the slots with "nop" operations. (slot.asm) 
· Since the branch penalty is three cycles with the basic pipe, the number of delay slots are three which is difficult to fill. For this reason, configure the simulator to the modified pipe when you configure to use the branch delay slot.
5. Configuration

· Test cases are : basic pipe, modified pipe, modified pipe with the predict-not-taken scheme, and modified pipe with the branch delay slot. Total clock cycles will be checked. 
· Data forwarding and pipeline interlock should be applied in all four cases. (However, you may want to disable forwarding with the first test case, the basic pipe.
· At the end of this document, you’ll find the number of total cycles for all four cases.

Grade Table for Phase #2

Category
Item
Check Point
Grade

Correctness (50)
Basic pipeline

(5)
Basic pipe – run pipe.asm and check the correctness



Data forwarding

(5)
Basic pipe – run pipe.asm and check the total clock cycles



Pipeline interlock

(5)
Basic pipe – run pipe.asm and check the total clock cycles



Branch prediction

(5)
Modified pipe with the predict-not-taken scheme – run pipe.asm and check the total clock cycles



Symbolic debugging

(5)
Check it allows to use symbols with commands like asm, break, dump



Trap support

(5)
Basic pipe – run pipe.asm and check the console window for messages and console input



Phase I test program

(5)
test_t.asm with test_d.asm to check the correctness (multiple input files)



Basic commands & stat

(5)
stat supplies #cycle, #data forwarding, #load stall, #branch stall, miss prediction, etc ?



Commands : trace, step, break (5)
trace, step, break support ?



Abnormal cases

(5)
abnormal.asm (invalid opcode and divide by zero incur run error while long immediate incurs assemble error)


Added features (30)
Modified pipeline

(5)
Modified pipe – run pipe.asm with the proper configuration and check the total clock cycles



Brach delay slot support

(5)
Modified pipe with the branch delay slot – run slot.asm and check the total clock cycles



Easy-to-use debugging

(5)
Easy-to-debug 



Help function support

(5)
Help support



Test cases for proving your job (5, +5)
Your own or others’ benchmark programs



GUI & Multiple windows

(5, +5)
Beautiful screen



Etc.

(+5)
Etc.


Report (20)
Well-organized document

(5)
In which order you describe your job



Simulator description

(5)
Simple but understandable explanation



Clear description of what your simulator can do (5)
Clearly shows what you have done and what you haven’t done



English

(5)
Short and clear English


Total
(100)



* If you have modified the given test program for some reasons, describe what and why you have changed.


<Total cycles>



















Basic
Modified
M & Predict-
M & Branch
(Scheduled code




(3 penalty)
(1 penalty)
not-taken
delay slot
 for delay slot)


.text
















main:

















 
JAL
Init_Message
4
2
2
1








1
nop (added)




 
 
 
 


; test R0








;
XOR
R0, R0, R0
 
 
 
 


;
ADDI
R0, R0, #1
 
 
 
 



ADDUI
R14, R0, R0_OK
1
1
1
1
BEQZ


BEQZ
R0, cont1
4
2
2
1
ADDUI


ADDUI
R14, R0, R0_NG
 
 
 
 
(assume it is OK)

cont1:
ADDU
R29, R0, R0
1
1
1
1
JAL


JAL
Error_Write
4
2
2
1
ADDU




11
9
9
9
(subroutine cycles)

; test LB/SB









ADDUI
R28, R0, LbTest
1
1
1
1



LH
R1, 0(R28)
1
1
1
1



LHU
R2, 0(R28)
1
1
1
1



XOR
R3, R1, R2
2
2
2
2



ADDUI
R14, R0, LB1_NG
1
1
1
1
BNEZ


BNEZ
R3, cont2
4
2
1
1
ADDUI


ADDUI
R14, R0, LB1_OK
1
1
1
1


cont2:
ADDU
R29, R0, R3
1
1
1
1
JAL


JAL
Error_Write
4
2
2
1
ADDU




11
9
9
9



LB
R1, 2(R28)
1
1
1
1



LBU
R2, 2(R28)
1
1
1
1



XOR
R3, R1, R2
2
2
2
2



ORI
R3, R3, #0xff
1
1
1
1



ADDI
R3, R3, #1
1
1
1
1





0
1
1
1
(new data hazard)


BEQZ
R3, cont3
4
2
2
1
* not possible







1
nop (added)


ADDUI
R14, R0, LB2_NG
 
 
 
 
J (but not this way)


J
cont3_5
 
 
 
 
ADDUI

cont3:
ADDUI
R14, R0, LB2_OK
1
1
1
1


cont3_5:
ADDU
R29, R0, R3
1
1
1
1
JAL


JAL
Error_Write
4
2
2
1
ADDU




11
9
9
9



LW
R1, 4(R28)
1
1
1
1



SH
0(R27), R1
2
2
2
2



SRLI
R2, R1, #16
1
1
1
1



SB
2(R27), R2
1
1
1
1



SRLI
R3, R2, #8
1
1
1
1



SB
3(R27), R3
1
1
1
1



LW
R2, 0(R27)
1
1
1
1



LW
R3, 8(R28)
1
1
1
1



SEQ
R4, R2, R3
2
2
2
2





0
1
1
1
(new data hazard)


BEQZ
R4, cont4
4
2
1
1
* not possible







1
nop (added)


ADDUI
R14, R0, LB3_OK
1
1
1
1
J


J
cont4_5
4
2
2
1
ADDUI

cont4:
ADDUI
R14, R0, LB3_NG






cont4_5:
ADDU
R29, R0, R3
1
1
1
1
JAL


JAL
Error_Write
4
2
2
1
ADDU




11
9
9
9


; test add/sub









ADDUI
R28, r0, AddTest
1
1
1
1



LB
R1, 0(R28)
1
1
1
1



LB
R2, 1(R28)
1
1
1
1



ADD
R3, R1, R2
2
2
2
2



SEQI
R4, R3, #3
1
1
1
1



ADDUI
R14, R0, ADD1_OK
1
1
1
1
BNEZ


BNEZ
R4, cont5
4
2
2
1
ADDUI


ADDUI
R14, R0, ADD1_NG






cont5:
ADDU
R29, R0, R3
1
1
1
1
JAL


JAL
Error_Write
4
2
2
1
ADDU




11
9
9
9



LH
R1, 2(R28)
1
1
1
1



LH
R2, 4(R28)
1
1
1
1



ADD
R3, R1, R2
2
2
2
2



SEQI
R4, R3, #-3
1
1
1
1



ADDUI
R14, R0, ADD2_NG
1
1
1
1
BEQZ


BEQZ
R4, cont6
4
2
1
1
ADDUI


ADDUI
R14, R0, ADD2_OK
1
1
1
1


cont6:
ADDU
R29, R0, R3
1
1
1
1
JAL


JAL
Error_Write
4
2
2
1
ADDU




11
9
9
9



LBU
R1, 6(R28)
1
1
1
1



LBU
R2, 7(R28)
1
1
1
1



ADDU
R3, R1, R2
2
2
2
2



SEQI
R4, R3, #247
1
1
1
1





0
1
1
1
(new data hazard)


BNEZ
R4, cont7
4
2
2
1
* not possible







1
nop (added)


ADDUI
R14, R0, ADD3_NG




J (but not this way)


J
cont7_5




ADDUI

cont7:
ADDUI
R14, R0, ADD3_OK
1
1
1
1


cont7_5:
ADDU
R29, R0, R3
1
1
1
1
JAL


JAL
Error_Write
4
2
2
1
ADDU




11
9
9
9



LHU
R1, 8(R28)
1
1
1
1



ADDUI
R3, R1, #1
2
2
2
2



SEQI
R4, R3, #201
1
1
1
1





0
1
1
1
(new data hazard)


BEQZ
R4, cont8
4
2
1
1
* not possible







1
nop (added)


ADDUI
R14, R0, ADD4_OK
1
1
1
1
J


J
cont8_5
4
2
2
1
ADDUI

cont8:
ADDUI
R14, R0, ADD4_NG






cont8_5:
ADDU
R29, R0, R3
1
1
1
1
JAL


JAL
Error_Write
4
2
2
1
ADDU




11
9
9
9


; test mult/div









ADDUI
R28, R0, MultTest
1
1
1
1



LB
R1, 0(R28)
1
1
1
1



LB
R2, 1(R28)
1
1
1
1



MULT
R3, R1, R2
2
2
2
2



SEQI
R4, R3, #-5640
1
1
1
1



ADDUI
R14, R0, MULT1_OK
1
1
1
1
BNEZ


BNEZ
R4, cont9
4
2
2
1
ADDUI


ADDUI
R14, R0, MULT1_NG






cont9:
ADDU
R29, R0, R3
1
1
1
1
JAL


JAL
Error_Write
4
2
2
1
ADDU




11
9
9
9



LB
R1, 2(R28)
1
1
1
1



LB
R2, 3(R28)
1
1
1
1



DIV
R3, R1, R2
2
2
2
2



SEQI
R4, R3, #2
1
1
1
1



ADDUI
R14, R0, MULT2_NG
1
1
1
1
BNEZ


BEQZ
R4, cont10
4
2
1
1
ADDUI


ADDUI
R14, R0, MULT2_OK
1
1
1
1


cont10:
ADDU
R29, R0, R3
1
1
1
1
JAL


JAL
Error_Write
4
2
2
1
ADDU




11
9
9
9











 
JAL
Finish_Message
4
2
2
1
* not possible







1
nop (added)


trap
0
4
4
4
4





4
4
4
4
(the last instrucion)



















Error_Write:









SW
PrintfPar, R14
 
 
 
 



SW
PrintfValue, R29
 
 
 
 



ADDI
R14, R0, PrintfPar
 
 
 
 


 
trap
5







JR
R31
 
 
 
 
* not possible








nop (added)



















Init_Message:








; display init message









ADDI
R14, R0, INIT_M
1
1
1
1



SW
PrintfPar, R14
1
1
1
1



ADDI
R14, R0, PrintfPar
1
1
1
1



trap
5
4
4
4
4


; read input









ADDI
R14, R0, ReadPar
1
1
1
1



trap
3
4
4
4
4


; check if it is space









ADDUI
R20, R0, ReadBuffer
1
1
1
1



LB
R21, 0(R20)
1
1
1
1



SEQI
R22, R21, #32
2
2
2
2





0
1
1
1
(new data hazard)


BNEZ
R22, conti
4
2
2
1
* not possible

; if not, exit with error message





1
nop (added)


ADDI
R14, R0, ERR_M







SW
PrintfPar, R14







ADDI
R14, R0, PrintfPar







trap
5







trap
0






conti:
JR
R31
4
2
2
1
* not possible







1
nop (added)

Finish_Message:









ADDI
R14, R0, FIN_M
1
1
1
1



SW
PrintfPar, R14
1
1
1
1



ADDI
R14, R0, PrintfPar
1
1
1
1



trap
5
4
4
4
4



JR
R31
4
2
2
1
* not possible







1
nop (added)










Total Clock cycles


325
256
251
238


